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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. 

^ v t rash racks -» 

SUCTION 

- • - approach » 
- ^ channel • 
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cross sections for 
cal ibrat ion o l pump units 

S 

DELIVERY 

CROSS SECTION 
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bottom 
approach 
channel 

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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2. The samples, accompanied with the letter are 

transferred to the laboratory. On the letter the 

laboratory identification numbers are assigned to 

the water samples. 

3. The samples are transferred to the electrical 

conductivity and acidity table (fig. 3-1). 

F i 0 I d • Amp 1 e 

(I litre E C ; pH 

(50 ml) 
- direct measurement 

Ca • Mg 

(5 ml) 

Na; K 

(10 ml) 

^ (5 ml) 

- titration 

flame photo meter 

- titration 

- titration 

Routine 
analyse« 
(all samples) 

Cu;Zn;Fe;Mn 

(20 ml) 

(2 1.1) 

nIr roeen 
disci 1lation 

nitrogen 
des t inat ion 

acomic absorption 

spectro photometer 

Non-routine 
analyses 
(»elected 

samples) 

; ""b-samples! methods 

Fig. 3-1. Overview laboratory analyses 

A data sheet is prepared with the date of sub-

mittance to the laboratory, the bottle number, 

the laboratory number, the sample collection 

location identification number and the full name 

of this location. Subsamples of app. 50 ml are 

taken and placed in a glass beaker in front of 

the bottles (with identification number). In the 

subsamples the EC and pH are measured and re

corded on the data sheet. This data sheet is 

then transferred to the head of the chemical 

department of the laboratory. 

4. The samples are transferred to the carbonate and 

bi-carbonate table. A data sheet is prepared. 

Subsamples of 5 ml are pipetted into small 

beakers, placed in front of the bottles. By ti-
2-

tration the C03 and HCO concentrations are 

determined. The results are recorded on the data 

sheet and the data sheet transfered to the de

partment head. 

5. The samples are transferred to the calcium and 

magnesium table (see fig.3-1). A data sheet is pre

pared. Subsamples of 5 ml are taken by a volumetric 

pip ette and placed in porcelain disks in front of 
2+ 

the bottles for the Ca determination and in Erlen-
2 + 2 + . . 

meyer flasks for the Ca +Mg determination. By 
2+ 2+ 2+ 

titration the Ca and the Ca +Mg concentrations 

are measured. The results are recorded on the data 
2+ 

sheet, the Mg concentrations calculated and the 

data sheet is transferred to the department head. 

6. The samples are transfered to the sodium and potas

sium table. A data sheet is prepared. Subsamples of 

app 10 ml are taken and placed in front of the bott

les. With the flame phonometer and a sodium filter 

the Na readings are taken. The subsamples are 

placed again in front of the bottles and the read

ings recorded on the data sheet. Next, a potassium 

filter is mounted in the flame photometer and the 

K readings are obtained and recorded on the data 

sheet. Using the calibration graphs or tables of 

Na and K the readings are transformed into con

centrations on the data sheets and the sheets trans

ferred to the department head. 

7. The samples are transferred to the chloride table. 

A data sheet is prepared. Subsamples of 2 ml are 

pipetted and placed in Erlenmeyer flasks in front 

of the bottles. By titration the CI concentration 

is determined and recorded on the data sheet. The 

data sheet is transferred to the department head. 

8. If no non-routine analyses have to be performed 

the remainder of the water samples are stored 

in a cool place until the department head has 

checked the laboratory analyses and orders 

emptying and cleaning of the sample bottles. 

9. If non-routine analyses have to be performed 

the samples are transferred to the nitrogen 

department. A data sheet is prepared. Subsamples 

of 250 ml are taken with a graduated glass 

cilinder and placed in the Kjeldahl flasks and 

by distillation the NH, concentration is deter

mined. The results are recorded on the data 

sheet. Next subsamples of 250 ml are taken for 

the determination of total inorganic nitrogen 

expressed as NH concentration. By subtraction 

the NO, concentration is found. The results are 

recorded on the data sheet and the data sheet 

transferred to the department head. 

10. The samples are transferred to the atomic ad

sorption table. A data sheet is prepared. The 

atomic adsorption spectrophotometer is prepared 

for copper determination (specific lamp and 

specific wave length). Take subsamples, measure 

the Cu concentration and record the results on 

the data sheet. Proceed next to zink, iron and 

mangnese. Measure the concentration, record the 
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results and transfer the data sheet to the depart

ment head. 

11. The samples are transferred to the spectrophoto

meter table. A data sheet is prepared. Subsamples 

of 2 ml are pipetted and the Boron concentration 

is determined. Record the results and transfer 

the data sheet to the department head. 

12. The remainder of the water samples are stored in 

a cool place until the department head has 

checked the analyses and orders emptying and 

cleaning of the bottles. 

13. The results are checked by the head of the chem

ical analysis department. A data sheet with re

sults of the routine analyses is prepared (EC, 

pH, Ca2 +, Mg2 +, Na+, K+, CO?J HCO~, Cl~) from 

2-
the 5 pertinent data sheets. The SO, concen
tration (in meq/1) is calculated as the differ-

2+ 2+ + + 2- -
ence between Ca + Mg + K + Na - (C03 + HCO.. + 

CI ). The consistency of the chemical analysis 

with the measured electrical conductivity is 

checked with the HP 97 programme 'Water quality 

processing'(chapter 4.2). If the data are not 

consistent a second analysis is ordered by the 

department head and the samples are transferred 

to the EC and pH table and the steps 3 to 8 are 

followed again. 

The non-routine analysis data are recorded on 

a seperate data sheet. 

14. The data sheets with checked routine analysis 

results are copied and a copy given to the field 

observor. He checks the electrical conductivity 

measured in the laboratory against the EC measu

red in the field. If deviations for all samples 

are found the EC meter used in thp fiel H car» 

be checked against the laboratory EC meter. In

dividual sample deviations may be detected and 

if so. the department head is informed and the 

samples in ouastion are analysed aeain (steDS 

3-8 of the procedure. 

15. The measured Na concentration and the CI concen

tration are checked against the electrical con

ductivity using the relationships based on the 

data of the previous observation year (see chapter 

5.2) using the empirial EC-Na and EC-C1 relation

ships (fig. 3-2). If the (EC, Na) and/or the 

(EC,CI)data pair is outside the area enclosed by 

the enveloping curves the sample has to be ana

lysed again (steps 3-8 of the procedure). 

16. After all samples are checked the department head 

is notified and the water bottles are emptied and 

cleaned and can be used for next sampling campaigns. 

In the following sections the identified labora

tory determinations will be treated in detail. 

3.1. Electrical conductivity and acidity 

The EC and pH are measured in the same subsample 

of approximately 50 ml. 

The procedure for the EC measurement is as fol

lows: 

Apparatus 

- glass beakers, 50 or 100 ml 

- conductivity meter (automatic temperature correction) 

- conductivity cell (pipette type) 

- thermometer, covering room temperature. 

EC (mmho. cm"1) 
5 

[Na](meq.h 

Fig. 3-2. Example of an EC-Na relation (2a) and an EC-C1 relation (2b) with enveloping curves based on 
routine measurements 
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Reagents 

- potassium chloride, 0.05 M 

Dissolve 3.728 gr dry KCl in 1 ltr of distilled 

water 

- potassium chloride, 0.01 M 

Dilute 50 ml of the 0.05 M solution to 250 ml 

with distilled water. 

Procedure 

- General 

+ rinse the conductivity cell (pipette type) 3 

times with distilled water 

+ rinse the cell with the sample to be measured 

+ fill the cell with the sample to be measured 

+ select the proper measurement range and record 

the range factor, R 

+ take the scale reading, S, and record result. 

- Cell constant (whenever required, but at least 

monthly) 

+ measure and record the temperature, t, in the 

0.05 M KCl solution 

+ measure and record the range factor, R, and 

scale reading, S, in the 0.05 M solution 

+ measure and record the temperature, t, range 

factor, R, and scale reading, S, in the 0.01 M 

solution. 

- Watersample 

+ measure and record the range factor, R, and 

scale reading, S, in the water sample. 

- Cell constant 

+ take the reference conductivity value, U, of 

the 0.05 M and 0.01 M KCl solutions at the 

measured temperature, t (table 3-1) 

+ calculate the cell constant, C: 

Temperature 
in °C 0.01 M 0.05 M 

{ ( * R '0.05M l S * R '0.01 M h }/2 

+ record the cell constant with a sticker on the 

instrument. Record also the date of the cell 

constant determination. 

Watersample 

+ record the cell constant on the data sheet 

+ calculate the EC: 

EC » S * R * C 

and record the result on the data sheet with 

two decimals behind the decimal point when 

expressing the EC in mmho/cm. 
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16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

1.147 5.404 

1.173 
1.199 
1.225 
1.251 
1.278 

1.305 
1.332 
1.359 
1.386 
1.413 

1.440 
1.468 
1.496 
1.524 
1.552 

1.580 
1.609 
1.637 
1.666 
1.695 

5.527 
5.651 
5.775 
5.889 
6.024 

6.149 
6.275 
6.402 
6.529 
6.656 

6.784 
6.912 
7.041 
7.170 
7.300 

7.430 
7.561 
7.692 
7.824 
7.956 

Table 3-1. Specific conductivity values of potassium 
chloride solutions (mmho cm-') 

The procedure for the pH measurement is as follows: 

Ap_2S£2£ü2 

- glass beakers, 50 or 100 ml 

- pH meter 

- glass electrode 

- reference calomel electrode, with saturated KCl 

solution 

- plastic wash bottle. 

Reagents 

- buffer solution pH 4 and pH 6.85. 

Procedure 

- calibrate the meter with the buffer solutions 

+ weekly: 1. Adjust the meter to 6.85 with the 

electrode in the pH 6.85 buffer; 

2. Adjust the meter to 4 with the elec

trode in the pH 4 buffer; 

3. Repeat steps 1 and 2 until no devi

ations from the buffer occur. 

+ daily : Step 1 of the weekly calibration des

cribed above 

- rinse the electrode thoroughly with distilled 

water 

- insert the electrode in the subsample and record 

the pH to the nearest 0.1 unit 

- rinse the electrode thoroughly and continue with 

the next subsample 

- after finishing the measurements the electrode 
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should be placed in distilled water. 

- ensure that the reference electrode always con

tains saturated potassium chloride solution in 

contact with solid KCl crystals 

- store the two electrodes in distilled water when 

not in use. 

3.2. Calcium and magnesium 

Calcium and magnesium are determined by titra

tion with ethylene diamine tetra acetate (versenate). 

The procedure is as follows: 

Apparatus 

- volumetric pipette, 5 ml 

- porcelain disks, 5-10 cm wide 

- micro buret, 10 ml 

- Erlenmeyer flasks, 125 ml. 

Reagents 

- A. Ammonium chloride - ammonium hydroxide buffer 

solution. 

Dissolve 67.5 gr of NH.C1 in 570 ml of concen

trated NH.OH solution and add distilled water 
4 

till 1 litre. 
- B. Sodium hydroxide, 4 M. 

Dissolve 160 gr of NaOH in 1 litre of distilled 

water. 

- C. Standard calciumchloride solution, 0.005 M. 

Dissolve 0.500 gr of pure calcium carbonate (cal-

cite crystals) in 10 ml hydrochloric acid of 

3 M and dilute with distilled water to 1 litre 

exactly. The CaCO, has to be dried 2 hours at 

400 C and has to be stored above vater-free 

CaSO.. 
4 

- D. Eriochrome black T indicator. 

Dissolve 0.5 gr of eriochrome black T and 4.5 gr 

of hydroxylamine hydrochloride in 100 ml of 

ethanol 95 X. 

- E. Ammonium purpurate indicator. 

Thoroughly mix 0.5 gr of ammonium purpurate with 

100 gr of powdered potassium sulphate. 

- F. Ethylene diamine tetra acetate (versenate) solu

tion, appr. 0.005 M. 

Dissolve 1.86 gr of pure disodium dihydrogen 

ethylene diamine - tetra acetate (Na,EDTA.2H20) 

and 0.05 gr of magnesium chloride hexa hydrate in 

distilled water and dilute to a volume of 1 litre. 

Store the standard solution in a polyethylene 

bottle. 

Procedure 

- Molarity of versenate solution for calcium titra

tion 

+ clean the pipette with distilled water, rinse 

with the standard solution and take a 5 ml 

sample of the CaCl, standard solution (reagent 

C). 

+ pipet 5 ml in a porcelain disk and 5 ml in an 

Erlenmeyer flask and dilute with distilled 

water to a volume of appr. 25 ml. 

+ add 5 drops of reagent B and appr. 50 mg of the 

indicator E to the porcelain disk. 

+ titrate with the versenate solution (reagent F) 

with the 10 ml microburet. The versenate should 

be added at a rate of one drop every 5 to 10 

seconds when close to the titration end point. 

The colour change is from organgered to purple. 

+ record the volume of versenate used: V„„ ml. 
NO 

- Molarity of versenate solution for calcium -f mag-
* 

nesium titration 

+ add 10 drops of reagent A and 3 to 4 drops of 

the indicator D to the Erlenmeyer flask. 

+ titrate with the versenate solution (reagent F) 

with the 10 ml microburet. The colour change is 

from wine-red to blue. 

+ record the volume of versenate used: V„„ ml. 
NM 

- Calcium determination 

+ clean the 5 ml volumetric pipette, rinse with 

the water sample, take a 5 ml subsample in a 

porcelain disk and a 5 ml subsample in an 

Erlenmeyer flask. 

+ follow the titration procedures for the verse

nate molarity determination for calcium titration. 

+ record the volume of versenate used: V_ ml. 

- Calcium and magnesium determination 

+ follow the titration procedures for the verse

nate molarity determination for the calcium + 

magnesium titration. 

+ record the volume of versenate used: V„ ml. 
M 

Calculations 

- the versenate molarity for the calcium titration 

s found: 

pipette volume * M(CaCl2) 0 Q 2 5 

M is found: 

C versenate volume 
NC 

*) The molarity of the versenate solution for the 
Ca+Mg determination is generally 3 to 5 Z higher 
than the molarity for the Ca determination 
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the calcium concentration in meq/1 is calculated 

with: 

Ca2 + - 200 V ^ * 2 - 10 Vc/VNd 

the versenate molarity for the calcium .+ mag-. 

nesium titration M^ is found: 

0.025 
«M 

NM 

the calcium + magnesium concentration in meq/1 

is calculated with: 

Ca2 + * Mg2 + - 10 VM/VN M 

the magnesium concentration then follows: 

Mg2 + - 10 { VM/VN M - VC/VN C} 

3.3. Sodium and potassium 

The sodium and potassium concentrations are 

determined by spraying the samples directly into the 

flame of the flame photo meter and measuring the 

amount of light emittance of specific wave length. 

These scale readings are adjusted with a standard 

graph. 

The measurement procedure is as follows: 

A2p_aratus 

- a flame photo meter with sodium and potassium 

filter 

- small beakers or sample holders 

- volumetric pipettes 2, 5, 10, 20 ml 

- graduated volumetric flask, 100 ml. 

Reagents 

- sodium chloride, 0.1 M 

Dissolve 2.9224 gr dry NaCl and add distilled 

water to 500 ml exactly. 

- sodium chloride standard solutions, 0.2, 0.4, 0.6, 

0.8, 1, 2, 4, 6, 8, 10, 15 and 20 meq Na+ per 

litre. 

Dilute 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 150 

and 200 ml of the 0.I M NaCl solution with dis

tilled water, each to 1 litre exactly. 

- potassium chloride, 0.05 M 

Dissolve 1.864 gr dry KCl and add distilled water 

to 500 ml exactly. 

- potassium chloride standard solutions, 0.1, 0.2, 

0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.5, 2, 3, 4 

and 5 meq K per litre. 

Dilute 2, 4, 6, 8, 10, 12, 16, 20, 24, 30, 40, 60, 

80 and 100 ml of the 0.05 KCl solution with dis

tilled water, each to 1 litre exactly. 

Procedure 

- Determination of standard graphs (whenever required 

but at least monthly) 

+ activate the flame photo meter and put the sodium 

filter for the sodium curve and potassium filter 

in case of potassium curve determination. 

+ spray alternatively distilled water and the NaCl 

or KCl standard solution with the maximum con

centration (20 meq/1 for NaCl and 5 meq/1 for 

KCl) into the flame and operate the sensitivity 

controls until the reading of the distilled water 

is zero and the reading of the standard solution 

is 100 (maximum reading). 

+ spray the standard solutions one after the other 

into the flame and record the scale readings. 

- Measurement of watersamples 

+ take small subsamples from the bottles 

+ activate the flame photo meter and insert the 

pertinent filter. 

+ spray alternately distilled water and the stand

ard solution with max. concentration into the 

flame and operate the sensitivity controls of 

the instrument until the scale reading of the 

distilled water is zero and of the standard so

lution 100. 

+ spray one by one the watersamples into the flame 

and record the scale reading. 

+ if the reading is outside the scale (more than 

100), pipet 10 ml of watersample into a graduated 

glass cylinder and dilute with distilled water 

until 100 ml exactly and mix. Spray the dilution 

in the flame, record the scale reading and record 

the dilution factor (10). If necessary, the di

lution procedure can be repeated (dilution factor 

100'.) 

+ check the performance of the photo meter after 

every 5 measurements by spraying the blank and 

the highest standard solution. Adjust the sen

sitivity as necessary. If the reading of the 

highest standard has changed considerably inspect 

the nebulizer for clogging and clean if necessary. 

- Standard graphs 

+ prepare a graph on mm paper (fig. 3-3) for both 

the Na and K standard solution observations. 

+ plot the concentration and scale readings of the 

standard solutions. 

+ draw a curve through the observations using a 

'french curve' (fig. 3-3). 

+ record the date of the standard curve determina-
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tion on the graph, leave a copy with the apparatus 

and transfer the original to the department head. 

scale reading 
100 i-

50 

date .12/11/'80 

/ 
/ 

- K* standard graph 

J I I I 
3 r4-. 5. [lC]meq I"1 

date 12/11/'80 

/ 
/ 

- / 
/ 
• 

i 
No 

l 1 

_• 

standard solution 
observations 

* standard graph 

1 1 
10 ,15 , 20, 

[Na*J meq I"' 

Fig. 3-3. Examples of a Na (a) and K (b) flame 
photometer standard graph 

- Water samples 

+ check the date of the standard graph 

+ use the curve's to find the Na and K concen

trations, and record the results. Multiply with 

the dilution factor, if applicable. 

3.4. Carbonate and bicarbonate 

- C. Hydrochloric acid, appr. 0.01 M. The molarity of the 

of the HCl solution must be known exactly (stand

ardized) by titration with silver nitrate (chap

ter 3.5): Mc 

- D. Buffer solution pH 4.1 

Take a small volume (250 ml) of sodium acetate 

0.1 M, add 1 M HCl until the pH, measured with 

a pH meter, equals 4.1. 

Procedure 

- rinse a 5 ml volumetric pipette with distilled 

water, rinse with the water sample and transfer 

into a small glass beaker. 

- add one drop of indicator A 

- if the solution turns pink, titrate with HCl (rea

gent B) with a 10 ml micro buret until the colour 

just disappears. Add reagent C drop-wise at 5 

seconds intervals. Record the volume of reagent 

used: V ; If the solution did not turn pink V » 0! 

- add 2 drops of indicator B 

- titrate with HCl (reagent C) drop-wise at 5 seconds 

intervals to the first orange colour. Record the 

volume of reagent C used: V . 

- compare the colour of the solution at titration 

end-point with the colour of 5 ml of reagent D 

with 1 drop of indicator B. 

Calculations 

the CO, concentration in meq/1 can be calculated 

with 

co: 
, 1000 M 2 V 
2- - C C 
3 

sample volume 
400 M V 

C C 

the HCO. concentration in meq/1 is calculated with: 

HCO 

1000 MCVB 

3 sample volume 
200 MCVB 

3.5. Chloride 

The chloride concentration is determined by 

titration with silver nitrate following the procedure: 

Carbonate and bicarbonate are determined in one 

titration procedure in the same sub-sample. 

The procedure is as follows: 

Apparatus 

- volumetric pipette, 5 ml 

- glass beakers, small 

- microburet, 10 ml. 

Reagents 

- A. Phenolphthalein indicator, 1 Z in 60 Z ethanol 

- B. Methyl orange indicator, 0.01 X in water 

Apparatus 

- volumetric pipette, 2 ml 

- Erlenmeyer flasks, 100 or 150 ml 

- microburet, 10 ml 

Reagents 

- potassium Chromate, 5 Z solution 

Dissolve 5 gr of potassium Chromate in 50 ml of 

distilled water and add 1 M silver nitrate drop-

wise until a slight permanent red précipitât« is 

produced. Filter and dilute with distilled water 

to 100 ml. 
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- sodium Chloride solution 0.02 M 

Dissolve 1.169 gr of NaCl (dried at 300 °C) in 

about 100 ml of distilled water and dilute to ex

actly 1 litre. 

- silver nitrate, 0.005 M. 

Dissolve 0.8495 gr of silver nitrate in CO.-free 

distilled water and dilute to exactly 1 litre. 

Store the solution in a brown bottle, away from 

light. 

The molarity must be known exactly (normalized) 

by titration of the NaCl standard solution, M_. 

Procedure 

- pipet 2 ml of the water sample with a volumetric 

pipet in an Erlenroeyer flask. 

- add 10 ml of distilled water 

- add 4 drops of potassium Chromate 

- titrate with silver nitrate from a 10 ml micro 

buret under a bright light while stirring until 

the first permanent reddish-brown colour. Place 

a white paper below the Erlenmeyer Record the 

volume of Ag NO, used: V 

repeat the same procedure with 10 ml of distilled 

water (blank). Record the volume of Ag NO, used: 

Calculation 

- the CI concentration in meq/1 is calculated with: 

1000 (V -V ) (Molarity AgNO ) 
Cl" k—!_ , i— 500 (V - O M . 

sample volume C B S 

3.6. Su lphate 

The sulphate concentration is not measured, but 
2+ 

calculated as the difference between cat-ions (Ca , 

Mg +, Na+ and K+) and the other anions (CO ", HC0~ 

and Cl"). 

3.7. Nitrogen 

Ammonium is determined by distillation and 

titration; nitrate by reduction to ammonium and 

measuring total nitrogen in the form of ammonium. 

The procedure is as follows: 

Ap_£aratus 

- Kjeldahl distillation apparatus with 500 ml 

Kjeldahl flasks 

- volumetric pipette, 25 ml 

- conical receiver flasks, 500 ml 

- burets, 25 ml 

- graduated glass cylinder, 250 ml 

Reagents 

- sodium hydroxide, 40 X. 

- bromine cresol green (0.5 X) and methyl red (0.1 %) 

mixed indicator solution.. 

Dissolve 0.5 gr of bromine cresol green and 0.1 gr 

of methyl red in 100 ml of 95 X ethanol. If the 

solution is pink (pH < 4.2), adjust the solution-

with diluted NaOH solution to the bluish purple mid-

colour, characteristic for pH • 4.5. If the solution 

is bluish-geen (pH > 4.9), adjust with diluted HCl 

solution to the bluish-purple mid-colour. 

- boric acid, 4 X. 

Dissolve appr. 40 gr of H BO. in 1 litre of dis

tilled water containing 5 ml of the mixed indi

cator solution. 

- HCl solution, approximately 0.0! M. 

Standardized solution with molarity M . 

- Davarda's alloy (Cu 50 X; Al 45 X; Zn 5 X ) . 

Mix 10 gr of Cu powder, 9 gr of Al powder and 

1 gr of Zn powder thoroughly. 

Procedure 

take 25 ml of the 4 X boric acid stock solution and 

add 4 drops of the mixed indicator. 

- titrate with the HCl solution until the bluish-

-purple colour weakens towards pink. Record the 

volume of HCl used for this blank titration: V„ 
a 

- take 25 ml of the boric acid stock solution with 

a 25 ml pipette into the 500 ml conical receiver 

flask and add 4 drops of the mixed indicator. 

- place the glass receiver tube of the distillation 

apparatus in the receiver flask with the end of 

the tube well below the surface of the boric acid. 

- open the water tap to operate the cooling system 

of the distillation apparatus. 

- take a 250 ml subsample of the sample to be ana-

lized , using the graduated glass cylinder into 

the Kjeldahl flask. Place the flask on the dis

tillation stand and check the proper fitting with 

the condensor connection. 

-Keep the Kjeldahl flask with the watersample at an 

angle of 45 and carefully add appr. 10 ml of the 

40 X NaOH solution to the flask. Pour the NOH in 

the flask in such a way that it runs down the neck 

to the bottom of the flask without mixing. 

- f2£_total_nitrogen : 

-add 2 gr of Davarda's alloy and 10 ml of the 40 X 

NaOH solution to the Kjeldahl flask, taking the 

same precautions as for the ammonium determination. 

-attach the Kjeldahl flask to the distillator, mix 

the solution by swirling and lighten the burner. 
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-the flask is placed on the distillation still and 

heated, 

for ammonium: 

' - continue the distillation until appr. 150 ml has 

been distilled. 

- f°E_t°tal_inorganic 2Ï£E°.SÊD: 

-continue the distillation until the Kjeldahl flask 

is nearly dry (appr. 225 ml distilled). 

-disconnect the receiver flask and tube from the 

distillation apparatus to prevent the sucking back 

of the distillate. 

- titrate the remaining boric acid in the receiver 

flask with the 0.01 M HCL solution. At the titra

tion nd point the bluish-purple colour just dis

appears; one drop in excess turns the solution 

pink. 

-record the volume of 0.01 M HCl used. 

- for ammonium: V, 
A 

- for_total_inorganic_notroj>en: V 

Calculations 

- Ammonium 

The ammonium concentration in meq/1 can be cal

culated with: 

(V -V ) M 
NH* = 1000 . ? A . C - 4 (V -V.) M. 

4 sample volume B A C 

- Total nitrogen 

The total inorganic nitrogen content, expressed 

as ammonium concentration in meq/1 is calculated 

with: 

K >T » 4 (VT - V MC 
For the calculation of the nitrate concentration 

in meq/1 the NH, concentration of the water sample 

has to be subtracted from this amount: 

N0 3 - 4 (VT - VB) M c 

3.8. Copper, zinc, iron and manganese 

Keagents 

- standard copper solution, 500 ppm, in 0.1 M hydro

chloric or sulphuric acid. 

Dissolve 1.9647 gr of copper sulphate, CuSO,.5H.0, 

in appr. 500 ml distilled water. Add 20 ml 5M hydro

chloric or sulphuric acid and dilute with distilled 

water to 1 litre exactly. 

- standard zinc solution, 500 ppm. 

Dissolve 0.500 gr of powdered zinc metal in a small 

volume of 1 M HCL and dilute to 1 litre exactly 

with 1 Z HCl solution. 

standard zinc solution, 1 ppm. 

Dilute 1 ml of the standard 500 ppm zinc solution 

to 500 ml exactly with distilled water. 

- standard iron solution, 100 ppm. 

Dissolve 0.7023 gr of Fe(NH4>2 ( S O ^ . 6H20 in a 

small volume of distilled water to which 20 ml 

of 0.6 N HCl is added. Dilute to 1 litre exactly 

with distilled water. 

- standard iron solution, 5 ppm. 

Dilute 5 ml of the standard 100 ppm iron solution 

to exactly 100 ml with distilled water. 

- standard manganese solution, 1000 ppm. 

Dissolve 2.877 gr of potassium permanganate in 

appr. 250 ml of distilled water to which 10 ml of 

concentrated sulphuric acid has been added. Boil 

for a few minutes and carefully add 12 gr of sodium 

sulphite crystals, Na_S0,.7 H„0, to reduce the per

manganate ion to the divalent manganese.Boil again 

to remove the sulphur di oxide, cool, and dilute 

to exactly 1 litre with distilled water. 

3.9. Boron 

Boron is determined with the spectro phonemeter by 

preparing a standard curve relating the instrument 

readings with concentration using a series of stand

ard solutions. 

The procedure is as follows: 

For the determination of copper, zinc, iron and 

manganese the atomic adsorption spectro photometer 

is used. For each element a specific lamp has to be 

fitted in the instrument with a specific emitting 

wave length. Using standard solutions the instrument 

prepares an internal calibration curve. 

The sample is inserted in the apparatus and a 

direct reading of the concentration (in ppm) is auto

matically obtained. 

The measurement procedures are properly des

cribed in the catalogue if the instrument. 

- spectro photometer 

- burettes, 100 ml 

- boron free Erlenmeyer flaskes, 50 ml 

- pipette, 2 ml. 

Reagents 

- A. Hydrochloric acid, concentrated. 

- B. Sulphuric acid, concentrated. 

- C. Carmine solution, 0.025 % in sulphuric acid. 

Stir 0.125 gr of powdered carmine rapidly into 

500 ml of concentrated sulphuric acid. Store 

this solution immediately in a boron-free glass 

bottle. 
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- D. Standard boric acid solutions. 

+ 1. Boric acid, 500 ppm boron. 

Dissolve 2.860 gr of boric acid, H,B0,, 

in distilled water and dilute to 1 litre 

exactly. 

+ 2. Boric acid, 50 ppm boron. 

Diltue 25 ml of the 500 ppm solution (rea

gent D 1) to 250 ml exactly. 

+ 3. Boric acid standards containing I, 2, 3, 

4 and 5 ppm boron. 

Dilute 5, 10, 15, 20 and 25 ml of the 50 

ppm solution (reagent D 2) each to 250 ml 

exactly with distilled water. 

Procedure 

- pipet 2 ml of distilled water in a 50 ml Erlen-

meyer flask 

- pipet 2 ml of the standard solutions (reagent D3) 

with 1, 2, 3, 4 and 5 ppm boron in 50 ml Erlen-

meyer flasks 

- pipet 2 ml of the watersamples to be analyzed 

into 50 ml Erlenmeyer flasks 

- add 2 drops of reagent A, 10 ml of reagent B 

(using the burette, adding B slowly while shaking 

the Erlenmeyer flask) Close the flasks and 

allow to cool 

- add 10 ml of reagent C using the 100 ml burette, 

mix well and leave the Erlenmeyer flasks for 1 

hour to develop the colour 

- determine the percentage of transmittance of all 

samples prepared of the 585 my wavelength with 

the spectro photometer. Record the scale readings. 

- prepare the standard graph by plotting the scale 

readings of the standard series with 0, 1, 2, 3, 

4 and 5 ppm boron against the concentration on 

millimeter paper and draw a curve through these 

observations. 

- converse the scale readings of the watersamples 

using the standard graph to concentrations (in 

ppm). Record the results. 

4. DATA PROCESSING 

In this chapter a description of the data proces

sing methodology in use at the DRI for the routine 

measurement programme (for the fortnightly measure

ment schedule) is presented. Upon increasing the 

measurement frequency by automation and complete 

calibration of the observation network, the methods 

used will need reconsideration. Possibly (parts of) 

the methods presently in use can still be used in 

the future for checking the proper functioning of 

the field equipment installed and the validity of 

the calibration relations established. 

Together with the data processing methodology 

the HP 97 calculator programmes that have been devel

oped at DRI to facilitate the calculations will be 

treated. Both will be illustrated with calculation 

examples, for which the data have been taken from 

annex 1. 

It is considered important that the data pro

cessing follows the data collection campaigns as 

soon as possible. Only under this condition it is 

possible for the field observor to correct the pos

sibly occuring spurious errors, or gaps in the field 

measurement forms. If too much time elapses after 

the field campaign and more campaigns may have 

succeeded,the observor's memory will have been 

erased to a great extent. The same reasoning holds 

for the watersamples. They should be delivered 

soonest to the laboratory after returning from the 

field. The exchange of sample bottles of two or more 

locations may be detected if the sampling campaign 

is still fresh in the memory. 

The number of digits of data carried through 

the calculations should be restricted to the signi

ficant ones.If the number 1.8125 has two significant 

digits, it should be used with two digits in the 

calculations: 1.8. The meaning of this is that the 

true value of the number given by 1.8 is between 

1.75 and 1.85. If zero's are included in the signi

ficant digits, they should be recorded. The number 

1.800 (4 significant digits) should be recorded as 

such, and not as 1.8, because the true value of the 

number is between 1.7995 and 1.8005, which is much 

more accurate than the accuracy of the notation 1.8 

(between 1.79 and 1.85). When performing calculations 

involving multiplication, division and powers of 

numbers, the final result can have no more signifi

cant digits than the numbers used with the fewest 

number of significant digits. The multiplication 

(73.24 * 4.52) should not be recorded as 230.9448, 

but as 231. In performing additions and substractions 

of numbers, the final result has no more significant 
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digits after the decimal point than the number with 

the fewest significant digits after the decimal point. 

The substraction (100 - 3.72) should not be recorded 

as 96.38, but as 96. This means that frequently cal

culation results will have to be rounded to the 

nearest unit of the last significant digit. The num

ber 3.52 should be rounded to 3.5 if two digits are 

significant and the number 3.497 to 3.50 if three 

digits are significant, because 3.497 is closer to 

3.50 than to 3.49. If the last significant digit is 

followed by the digit 5 the number cannot be rounded 

to the nearest unit of the significant digit. The 

number 2.75 with . significant digits is as close 

to 2.7 as it is to 2.81 By convention this type of 

numbers should be rounded to the nearest even integer 

preceding the digit 5. The number 2.75 should be 

rounded to 2.8 and the number 1.65 to 1.6. For rea

sons of uniformity these procedures are not strictly 

obeyed in the calculation methodology in use at DRI. 

The number of digits after the decimal point are 

kept constant for the different measured and calcu

lated data (see annex 2). 

For all calculations and consistency analyses 

(see next chapter) that have to be performed for the 

measurements collected during a specific year, the 

last set of observations of the preceding year as 

well as the first set of observations of the succe-

ding year have to be included for reasons of data 

presentation (treated in chapter 6 ) . 

After finishing the data processing of a com

plete observation year (including the preceding and 

succeeding date) and recording the results in the 

proper format (see annex 2) on the calculation 

sheets, the sheets have to be copied before data 

checking(treated in chapter 5) takes place and the 

copies should be transferred to the re-use division s 

department head. In view of the anticipated future 

corrections to be applied, it is recommended to use 

a pencil for recording results on the calculation 

sheets (possibility of rubbing out erroneous data 

and/or results). 

are determined and/or checked. With a fortnightly 

frequency float measurements and/or pendulum meter 

measurements are performed. 

4.1.1.1. Çross-section_measurements_2rocessing 

During the cross-section measurements data are 

collected on the distances between the bridge sur

face and the drain bottom at regular intervals over 

the cross-section width both on the downstream and 

upstream side of the bridge (see annex 1). If the 

bridge surface is irregularly shaped level measure

ments are performed at the locations where these 

distances are measured. These measured distances 

d'(i) have to be corrected for the difference in 

elevation of the bridge surface on the corresponding 

location and the elevation of the bridge surface at 

the reference point(fig. 4-1) 

d(i) - d'(i) + (R(i) - ly (4-1) 

w h e r e : 

d ' ( D » distance from the bridge surface to the drain 
bottom at location i in m 

R(i) - level instrument reading in m with the staff 
at location i on the bridge surface 

R^ =» level instrument reading in m with the staff 
at the reference point 

staff 

— instrument 
evel 

4 .1 . Discharge measurements p r o c e s s i ng 

A distinction is made between the data proces

sing of routine discharge measurements at open drains, 

at pump stations and calibration measurements. 

4 .1 .1 . Discharge data processing at open drains 

Three types of data are collected at open drains. 

On a yearly basis the cross-sections at the measure

ment locations with access to the drains (bridges!) 

Fig. 4 . 1 . Correction cross-section measurements for 
i r regulari ty bridge surface 

For the calculation of the float measurements the 

average of the cross-sections of upstream and down

stream is required: 

d(i) - { d U > u p s t r . +<*<i> d o w n s t r>/2 (4-2) 

Per sub-section, in the centre of which in the rou-
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tine programme the velocity will be measured, three 

depth measurements have normally been taken. Taking 

the occurence of piers into account the total area 

of the subsection can be calculated (see also fig. 

4-2): 

As - d(i-l) U(i)/2 - p(i-l)}+ d(i) { i(i)/2 + 

+ Z(i+l)/2 - p(i)} + d(i+l){ A(i+l)/2-p(i+l)} 

(4-3) 

where: 
2 

A„ »total area subsection in m 

p(i)»thickness of the piers in the subsection in m 

p(i) - k E, p(i)k (see fig. 4-2) 

n • number of piers 

£(i)» distance between depth measurements in m 

location of float measurement 

- | ( , ) « | ( j . i ) -

dli-1) 

reference level 

Fig. 4-2. Calculation to ta l subsection area 

The effective width of the subsection follows: 

W - *(i) + )l(i+l) -{ p ( i -D + (p(i) + (p(i+0> (4-4) 

where: w - effective (wet) width of the subsection 
in m 

The complete procedure for the cross-section 

calculation is as follows (see example 4-1): 

1. Calculate the upstream and downstream distances 

between reference level and drain bottom (eq.4-1). 

Record these distance on a calculation sheet (see 

example 4-1). 

2. Prepare a graph on A 4 millimeter paper of the 

cross-section. Give on the left vertical axis the 

D-scale (see annex 2.4.1 fig. A 2-4 for the cross-

section of example 4-1). Indicate location and 

thickness of the piers in this graph. 

3. Calculate the total area of each sub-section, Ag, 

and the effective width, W. Record the results 

on the calculation sheet. 

4. Prepare a table of the results (see annex 2) 

including: 

- date of observation 

- depth at reference point 

- bridge width 

- cross-section width 

- per subsection 

+ effective section width 

+ total area subsection. 

5. Make a copy of the graph and table and transfer 

the copy to the department head. File the graph, 

table, field forms and calculation sheets. 

6. Prepare a data card for the HP 97 programme 'Floats' 

This step will be discussed in chapter 4.1.1.2. 

7. Yearly the depth at the reference point will be 

checked in the field. If deviations with the pre

vious value are found a new cross-section measure

ment has to be performed. 

8. The results of such a new measurement should be 

checked against the previous results. After pre

paring the graph, using the same scale (step 2 ) , 

both graphs are placed on a light table. If no 

deviations are visible the previous measurements 

can still be considered reliable and steps 3-6 

can be omitted. 

9. If a difference is noticed steps 3-6 have to be 

performed, using the new measurements. 

10. The effect of the change in cross-section can be 

evaluated by performing a discharge calculation 

using the old and the new data and cornnari.no the 

results. If the difference between both is less 

than 5 Z, future calculations can be continued 

with the new data card. If the difference is more 

than 5 % the discharges calculated in the past 

have to be corrected. If these is no reason to 

assume a sudden change in cross-section (bridge 

construction activities; reconstruction of drainage 

canals) this correction may be gradual decreasing 

with time until the last previous date on which 

the cross-section has been determined or checked. 
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Example 4-1. Calculation cross-section EB 07 (field data in annex 1.4.1) 

Distance 
from 

zero-point 
(m) 

0 
2 
4 

6 
8 

10 
12 

14 
16 

18 
20 

22 
24 

26 
28 

30 
32 

34 
36 

38 
40 

42 
44 

46 
48 

50 
52 

54 

depth d' 
(m) 

upstr 

1.80 
2.64 
3.08 

3.39 
3.96 

3.85 
3.98 

4.15 
4.33 

4.92 
3.78 

3.85 
4.79 

4.64 
4.56 

4.70 
4.74 

4.40 
5.34 

5.06 
4.98 

5.00 
5.15 

4.68 
3.83 

3.18 
2.64 

2.14 

downstr 

1.54 
2.26 
2.71 

3.22 
3.85 

3.34 
3.63 

3.82 
4.14 

4.64 
3.13 

3.90 
3.95 

4.48 
4.43 

4.56 
4.23 

4.45 
4.92 

5.12 
5.08 

4.93 
4.88 

4.54 
4.08 

3.16 
2.52 

1.67 

R-

upstr 

-0.23 
-0.26 
-0.26 

-0.26 
-0.29 

-0.30 
-0.32 

-0.32 
-0.32 

-0.32 
-0.33 

-0.13 
-0.36 

-0.32 
-0.29 

-0.29 
-0.28 

-0.08 
-0.30 

-0.26 
-0.24 

-0.22 
-0.22 

-0.22 
-0.19 

-0.21 
-0.22 

-0.24 

-V») 
downstr 

-0.01 
0.00 
0.00 

0.00 
0.00 

-0.01 
0.00 

0.00 
0.01 

-0.03 
-0.15 

-0.12 
-0.15 

-0.13 
-0.09 

-0.07 
-0.11 

-0.10 
0.00 

0.00 
0.00 

0.00 
-0.01 

-0.01 
-0.01 

0.00 
0.00 

-0.02 

Corrected 
depth d 

(m) 

upstr 

1.57 
2.38 
2.82 

3.13 
3.68 

3.55 
3.67 

3.83 
4.01 

4.61 
3.45 

3.72 
4.43 

4.32 
4.27 

4.41 
4.47 

4.32 
5.04 

4.80 
4.75 

4.78 
4.93 

4.47 
3.64 

2.97 
2.42 

1.91 

downstr 

1.53 
2.26 
2.71 

3.22 
3.85 

3.33 
3.63 

3.82 
4.16 

4.64 
2.98 

3.78 
3.80 

4.35 
4.34 

4.49 
4.12 

4.35 
4.92 

5.12 
5.02 

4.94 
4.87 

4.53 
4.07 

3.16 
2.53 

1.66 

d 

(m) 

1.55 
2.32 
2.76 

3.18 
3.76 

3.44 
3.65 

3.82 
4.08 

4.62 
3.22 

3.75 
4.12 

4.34 
4.30 

4.45 
4.32 

4.44 
4.98 

4.96 
4.88 

4.86 
4.90 

4.50 
3.86 

3.06 
2.48 

1.78 

Division 
sub

sections 

0- 1 
1- 3 
3- 4 
4- 5 
5- 7 
7- 8 
8- 9 
9-11 

11-12 
12-13 
13-15 
15-16 
16-17 
17-19 
19-20 
20-21 
21-23 
23-24 
24-25 
25-27 
27-28 
28-29 
29-31 
31-32 
32-33 
33-35 
35-36 
36-37 
37-39 
39-40 
40-41 
41-43 
43-44 
44-45 
45-47 
47-48 
48-49 
49-51 
51-52 
52-53 
53-54 

1 

0. 

0. 
0. 
0. 
0. 

0, 
0, 
0. 
0. 

0 
0 

:i) 

,60 

.30 
,60 
.20 
,10 

.10 

.50 
,60 
.60 

.30 

.30 

w 
(m) 

4.00 

4.00 

3.40 

4.00 

3.70 

3.10 

4.00 

3.90 

2.30 

4.00 

4.00 

3.40 

4.00 

2.00 

AS 
2 

(n> ) 

8.96 

12.88 

12.23 

15.39 

15.59 

11.74 

17.09 

17.07 

10.21 

19.79 

19.51 

14.94 

12.46 

4.26 

- The depth d' is calculated as: No of pieces(m) - excess (cm), using the data of annex 1.4.1 

- The correction for irregularity of the bridge surface is calculated as: instrument level reading R -
reading at reference point R^ - 1.70, data of annex 1.4.1 

- The corrected depth d (m) is calculated as the sum: d' + ( R - R R ) 

- The average depth d (m) is calculated as the average of upstream and downstream depth d 

- The division sub-section gives the distances for which the measured depth is considered constant. In 

this column the subsections of 4 m are divided into j{. (-1),4 (»2) and ji (-1) to facilitate the calculation 
of the total area of the subsection 

- The width occupied by piers, p ( i ) , is counted per 1 or 2 m.whichever.one is pertinent from the field data 
in annex 1.4.1 

- The effective sub-section width is calculated as the difference between sub-section width (28.) and the 
width occupied by piers per subsection. 
For subsection 34 for example (section 32-36 m) : W - 4 -(0.50 + 0.60 + 0.60) - 2.30 m 

- The total area of the subsection is calculated according to eq. 4-3. 9 

For subsection 34 for example: A - 4.32 (1-0.50) + 4.44 (2-0.60) + 4.98 (1-0.60) - 10.21 m~ 

In equation (4-1) and in example (4-1) it has 

been assumed that on each location where the distance 

between bridge surface and drain bottom is measured 

a level measurement has been performed. If the bridge 

surface is smooth and straight, however, less level 

measurements have been performed and the level measure

ments for the intermediate points have to be inter

polated (see also example 4 - 2 ) : 

R A + 1 R'(i) 

where: R'(i) 

h -R. 

n+1 (4-5) 

interpolated value of the level measu
rements for point i in between the 
measured points A and B 
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Example 4-2. Interpolation level measurements EB 05 (field data in annex 1.3.1) 

Distance 
(m) 

Instrument level reading 

upstream downstream 

Interpolated levels 

0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
6.9 

1.603 1.628 

1.502 1.560 

1.457 1.478 

upstream 

1.60 
1.59 
1.57 
1.56 
1.54 
1.53 
1.52 
1.50 
1.50 
1.49 
1.48 
1.48 
1.47 
1.46 
1.46 

downstream 

1.63 
1.62 
1.61 
1.60 
1.59 
1.58 
1.57 
1.56 
1.55 
1.54 
1.52 
1.51 
1.50 
1.49 
1.48 

Using the I register of the HP 97 the interpolation procedure proceeds as follows: 

- Calcuate R--RA : 1.502-1.603 - - 0.101 

- Divide Rg-R. by n+1: -0.101 : 7 - - 0.014 

- Store the quotient in the I register: STO I 

- Enter R in the X register: 1.603 ENTER 

- Add the contents of the I register to the X register: I + - 1.589 - R'(l) 
Round the result to two decimals and record the result: 1.59 

- Repeat this step untill point B is reached (Distance 3.5m): 

I + 
I + 
I + 
I + 
I + 
I + 

-
« 
« 
-
« 
• 

1.574 
1.560 
1.545 
1.531 
1.516 
1.502 

R(2) -
R(3) -
R(4) -
R(5) -
R(6) -

«B * 

1.57 
1.56 
1.54 
1.53 
1.52 
1.50 

R » level measurement at point A in m 

Rg » level measurement at point B in m 

n - number of intermediate measurements 
points between A and B 

i » number of the intermediate measurement 
point; i » I at point A and i - n at 
point B 

4.1.1.2. Jl°at_measurements_2rocessing 

During the fortnightly routine measurement pro

gramme the waterle-vel is measured at the reference 

point by measuring Hm, the distance between bridge 

surface and waterlevel in the drain. This distance 

Hm determines for each subsection recognized the 

part of the total area of the subsection above 

wateflevel: 

Ad - Hm W (4-6) 

where: A, « area of the subsection above waterlevel 
o . 2 

in nr 

The wetted area of the subsection follows: 

w 
A - 0 

A -A. 
s d 

for A A, > 0 
d 

for A - A, s 0 
s d * 

(4-7) 

where: A " wetted area of the subsection in m 
w 

The surface velocity of the water in the drain can be 

calculated from the float traveling time per sub

section: 

v - B/t (4-8) 
s 

where: v » surface water velocity in m s 
s ' 

B » width of the dridge in m 

t • travel time of the float in s 

For converting the surface velocity to the average 

velocity in the subsection the surface velocity may 

be multiplied with a factor. Although this factor may 

vary, a value of 0.85 is often found in practice: 

v - 0.85 v (4-9) 

where v » average velocity in the subsection in m s 

The discharge in the i subsection can be calculated 

with: 

Q(i) =• A (i) v(i) (4-10) 

where Q(i) - fractional discharge through subsection 
i in m3.s"l 

Sometimes floating waterplants accumulate on the up

stream side of the bridge preventing the float measu-
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rements to be implemented. Assuming that the water-

plants prevent the waterflow for the top 0.5 meter 

of the subsection the fractional discharge can be 

approximated with: 

Q(i) - u m - 0.5 « a » ; K - ' * ; » (i+1) 

W 2. 

for Aw(i)>0.5 W(i) 

(4-10a) Q(i) - 0 for A (i) $ 0.5 W (i) 
w 

The average velocity in the cross-section calculated 

from the float measurements is: 

E Q(i)/A 
i=l 

(4-11) 

where: v, - average velocity in the cross-section in 
-1 

m s 

n - number of subsection in the cross-section 
n . 2 

A « E A (i) » wetted cross-section in m 

i-1 w 

If some calibration measurements have been performed 

in the past the average flow velocity v, may be 

multiplied with the correction factor (treated in 

chapter 5 ) : 

c'D - a + b D (4-12) 

where: c' - correction factor 

a,b - empirical constants 

D » waterdepth at reference point in m 

The (corrected) discharge can then be calculated: 

(4-13) Q f - A vf c'D 

3 -1 
where: Q - discharge in m s , calculated from the 

float measurements 

If sufficient calibration measurements have 

been performed in the past and a sufficiently reli

able stage-discharge relation has been established, 

the float measurements will no longer be used for 

the calculation of discharge. The Hm measurements 

will then be directly related to discharge. This 

matter will be treated in chapter 4.2.2. 

The equations (4-6) - (4-11) have been pro

grammed for the HP 97 calculator. The programme 

Floats' operates in combination with a data card 

on which the results of the cross-section measure

ments are compiled. 

The following sub-programmes (key board con

trolled) are distinguished (see annex 8.1 for the 

programme listing and user instructions): 

LBLji.In this sub-programme a flag (signal) is set 

to indicate the occurrence of waterplants in the 

sub-section. 

LBL b_. In this sub-programme Hm is read and stored 

and the calculator is initialized. 

LBL A. This is the main programme. The travel time, 

t, is read and the fractional discharge calculated 

and stored (see flow diagramme fig. 4-3). 

Fig. 4-3. Flow diagramme of the main programme (LBL A) 
of the HP 97 programme 'Floats' 

LBL £. In this sub programme the average velocity is 

calculated and the results are printed: waterdepth, 

D, wetted cross-section, A, discharge for c' • 1, Q, 

and average velocity, v,. 

The complete procedure for the float measurement 

calculations is as follows: 

I. Prepare a data card for the result of the cross-

section measurements (once after every new cross-

section measurement). See also example (4-3). 

- prepare a list with cross-section data in re

versed order (last subsection first) with the 

effective subsection width, w, in cm before the 

decimal point and the total area, A , in dm^ 

behind the decimal point, using 4 digits for A 

(see example 4-3); 

- store these data one by one in the calculator's 

register, starting with register 9, 8 , 0; 

- if less than 10 sebsections have been recognized 

protect the data after all subsections have been 

entered by pressing the keys f and P *- S; 

- if more than 10 subsections have been recognized 

protect the data of the first 10 subsections 

after they have been entered by pressing the 

keys f and P +•"*• S and continue storing the 
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Example 4-3. Preparation data card for the HP 97 programme 'Floats' for EB 07 (cross-section 
data in example (4-1) and in annex 2.4.1) 

Input 

200.0426 
400.1246 
340.1494 
400.1951 
400.1979 
230.1021 
390.1707 
400.1709 
310.1174 
370.1559 

400.1539 
340.1223 
400.1288 
400.0896 

5 
5.02 
4.05 

Key 

STO 
STO 
STO 
STO 
STO 
STO 
STO 
STO 
STO 
STO 

s 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

f p +--*-'s 
STO 
STO 
STO 
STO 
STO 
STO 
STO 

9 
8 
7 
6 
I 
C 
B 

f WDATA 

Display 

crd 
crd 

Comments 

W.A subsection 
s 

if 

ti 

„ 
tt 

ft 

M 

„ 
„ 
ti 

protect data of 
W.A subsection 

s 
H 
M 

II 

n 

53 
50 
46 
42 
38 
34 
30 
26 
22 
18 

first 10 subsections 
14 
10 
6 
2 

D + Hra (total depth at reference point) 
B 

Prepare calculât 
Enter empty card 
Enter -"-

or for writing data on card 
side 1 
side 2 

remaining data starting again with register 9, 

8 3*; 

- determine the initial counter value n: 

n " 19 - number of subsections recognized 

and store n in register I; 

- store D + Hm in register C and B in register B 

- prepare the calculator for writing data on card 

by pressing the keys f and WRITE DATA; 

- enter an empty (clean) card side 1 and side 2; 

- write with pencil on the card (taking care not 

to press the pencil too hard to avoid damage) 

the measurement point identification number, its 

name, and the value of n. 

2. Calculate waterdepth, wetted cross-section and 

average 'float' velocity with the programme 'Floats' 

following the user instructions given in annex 

8.1 (see also Example 4 - 4 ) . 

3. Prepare the heading of the calculation sheet (see 

annex 2 ) . 

Record the observation year, catchment area (name 

of the drain at the outlet to the sea), the measu

rement point identification code, the waterdepth 

- Hm relation, the pendulum constant (if appli

cable) found from the observations of the pre

vious year, the float constant (if applicable) 

found from observations of the previous year, 

and the calibration relation (if applicable) 

found with sufficient accuracy from the calibra-

tion measurements performed. 

* Register 3 is the first register reserved for the 
'bridge data' (see annex 8.1) 

4. Record the calculated waterdepth, wetted cross-

section and average velocity on the calculation 

sheets (see annex 2 ) . The format for waterdepth 

is 2 digits behind the decimal point (D.DD), for 

the cross-section 2 digits behind the decimal 

point (AAA.AA), and for the velocity 3 digits 

behind the decimal point ( V . V W ) . 

5. For the calculation of discharges two possibili

ties do exist. Based on the calculations of the 

previous observation year it has been decided 

whether the float measurements or the pendulum 

measurements have to be used for the calculation 

of discharge. This choice of method to be used 

will be treated in chapter 5.2. 

- If the pendulum meter measurements have been 

identified as the more reliable method, and if 

pendulum measurements have been performed on 

the measurement date for which the calculations 

are being carried out, the average 'float' ve

locity will only be used as a check on the pen

dulum measurements; 

- If the float measurements have been identified 

as the more reliable method, or if pendulum 

measurements have not been performed for the 

measurement date for which the calculations 

are being carried out, or if pendulum measure

ments have not been considered for the measure

ment point in question, the discharge can be cal

culated with (eq. 4-13) as the product of v., A 

and the depth-dependable correction factor c ' , 

that has been determined empirically by cora-
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Example 4-4. Calculation average 'float' velocity (field data from annex 1.2.2) 

Input Keys Output Comments 

3 
14 
7 
7 

7 
6 
5 
5 

85 
4 
6 
6 

1 
6 
7 
7 

12 
4.39 

10.8 

13.9 

13.9 
17 
21.8 

f B 
A 
A 
A 

f A 
A 
A 
A 
A 
B 

STO I 
f B 

EEX 9 
A 

EEX 9 
A 
A 

f A 
A 

f A 
A 
A 
A 
B 

0.55 
3.35 
2.90 
0.865 

0,01 
0.45 
0.12 
0.264 

enter programme card 'Floats' 
enter data card FB 04, Roda drain; n » 12 
Hm (measuring date 9/01/'80) 
t, subsection 0.5 
t, subsection 1.5 
t, subsection 2.5 
plants in subsection 3.5 
J (t subsection 2.5 + t subsection 4.5) 
t, subsection 4.5 
t, subsection 5.5 
t, subsection 6.5 
D 
A 

Q 
vf 
reset counter for next calculation 
Hm Measuring date 23/01/'80) 

water not flowing in subsection 0.5 

water not flowing in subsection 1.5 

t, subsection 2.5 
plants in subsection 3.5 
J (t subsection 2.5 + t subsection 
plants in subsection 3.5 
J (t subsection 2.5 + t subsection 
t, subsection 5.5 
t, subsection 6.5 
D 
A 

9 
V, 

.5) 

.5) 

paring the routine measurements of the previous 

observation year with the calibration measure

ments. 

Because 1980 has been the first year of obser

vation no example can be given here of the 

correction factor c' . In chapter 5 it will 

be shown how this coefficient can be derived 

and in the calculations given in annex 2 c' 

has been assumed unity (» 1). 

6. Record the calculated discharge with 2 digits 

behind the decimal point (QQQ.QQ) on the cal

culation sheet (if applicable). 

7. Check the discharge against the waterdepth with 

the relation between both, established with the 

data of the previous observation year. No exam

ples can be given here, because 1980 is the 

first year of observation. In fig. (4-4) the 

general shape of such a relation is given. If 

the calculated data pair (D, Q) is found out

side the area enclosed by the upper and lower 

enveloping curves, the field data and the sub

sequent calculations have to be checked on pos

sible mistakes. 

discharge (m^s -1) 
A r 

0.40 0.80 1.20 
waterdepth,D (m) 

Fig. 4-4. Example of stage-discharge relation with 
enveloping curves based on routine measure
ments 

The steps 1 and 3 of this precedure do not need 

to be repeated for each measurement. Step 1 is perfor

med for every new cross-section measurement and step 
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3 for each new observation year. 

4.1.1.3. Pendulum_meter_measurements_jrocess ing 

The principle of the velocity measurements with 

he hand pendulum meter is to lower a resistance body 

into the flowing water, suspended by a cable from 

the bridge railing, and measuring both the length of 

the cable below the water surface and the angle 

between the cable above the water surface and the 

vertical. This angle is caused by the flowing water 

pushing against both the resistance body and the 

cable below the water surface (fig. 4-5). 

measurement 

/ (>A 

resistance 
body 

Fig. 4-5. Relation between pendulum reading t, 
resistance body angle, $g, and cable 
inclination, • 

The local velocity in point A is related to the 

angle between the cable at point A and the vertical 

A-B. The depth at which the measurement is taken, 

Da, is related to the cable length suspended below 

the watersurface, the measured angle, $-, and the 

inclination of the cable below the water surface 

due to the velocity distribution from water sur

face to point A. 

Considering the triangle ABC in fig. 4-5 

where AB is the vertical, BC is the extrapolation 

of the cable above the water surface and AC is the 

tangent to the cable at point A, the following re

lation is found: 

••R • *B + *C (4-14) 

where: «i>R • angle reading at the pendulum instrument 
in degrees 

<L " resistance body inclination at point A 
in degrees 

$„ » cable inclination in degrees 

The velocity in point A is related to $ : 

v - K2 tg *B (4-15) 

where: v - velocity in point A in m.s -I 

K_ - constant, depending on the resistance 
body type used, in m2.s_2 

The constant K_ is defined as: 

2 (P. P ) V 
w' g 

2 

where: 

w Db 

P, " density resistance body in kg.ra 
b . -3 

P - density of water in kg.m 
w . 3 

V - volume resistance body in m 

(4-16) 

•3 

-2 

Db 

acceleration of gravity in m.s 

drag coefficient resistance body 

A • area in m of the resistance body in 
the direction of water flow 

Taking P - 1000 and g • 9.81 the manufacturer gives 
w 

the following values for K.: 

Resistance body type 

K2 

K 

0.666 

L 

1.825 

M 

3.64 

N 

6.30 

In order to reduce the measured angle $. to the 
K 

resistance body angle* the cable inclination •._ has 
B C 

to be calculated for each measurement n: 

, m •> 
*.c - K, cosJ (*R - *.c/2) I v z

n _, A In (4-17) 
n"l 

where: K. « constant depending on the r e s i s t ance 
body type 

&JK " i nc rease in cable length in m between 
observat ion n and observat ion n- l 

The constant K] i s defined a s : 

360 PwCDc D 

1 " ^ <VVVg 
(4-18) 

where : C 
Dc 

drag coefficient of the cable in m 

D - diameter of the cable in m 

Taking P y - 1000, C ^ „-3 0.9838, D - 0.75 x 10 and 

g * 9.81 the manufacturer gives the following values 

for K, 
r 

Resistance body type 

Kl 

K 

3.315 

L 

3.650 

M 

0.860 

N 

0.855 

Equation (4-17) cannot easily be solved. The angle 

fc„ can be approximated with the equation: 
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- K, Z v , ALn 
1 , n-1 

n-l 
(4-19) 

Substitution of this expression for 4> in the right 

hand side of equation (4-17) gives: 
m 2 

K, Z v , ALn 
, 1 , n-1 

., i,. n-1 . m ,, 
$ c - K, cos (*R 1 ) j. v2 A L n ( 4 _ 2 0 ) 

n« J n-1 

The depth at which measurement m has been taken 

can be calculated with: 

Lim In y » - » (4-25) 

y -*0 

Equation (4-24) is therefore not valid for the complete 

range of depth values. Assuming v • 0 for y - y gives 

for the relation between a and b (subsitution in 4-24): 

a - -b In y 

and equation (4-24) reduces to: 

v " b In (y/y ) 

(4-26) 

(4-27) 

D - cos (•„ - ̂  ) Z ALn + H/2 (4-21) 
a K i. . 

n-1 

where: Da - depth of measurement in m 

H » vertical dimension of the resistance 
body in m (0.14 for type K and 0.12 for 
types L, M and N) 

Substitution of equation (4-19) gives: 

m m 
D - cos{*„ -(K,/2) E v , ALn } Z ALn+H/2 (4-22) 
a K l . n-1 , 

n-1 n-1 

Both equations (4-21) and (4-22) are based on the 

assumption that the first reading of the pendulum 

meter is taken with the resistance body just sub

merged ( ALj - 0; t - 0). giving n
a - H/2 for the 

first measurement. 

On the condition that sufficient measurements in the 

vertical section have been performed, the average 

velocity can be approximated by the weighted arith

metic mean velocity using the depth intervals as 

weights: 

v_ - .4 [{ H+D (2) -D (1)} v(l) + "Ë1 

p 2D 
n-2 

{D (n+1) - D (n-1)} v(n) a a 

+ {D - D (m-1)} v 1 
a m 

(4-23) 

-1 
with: v - average velocity in the vertical in m.s 

n - 1,2,3 ,m, number of the individual 
measurements, n-1 for the surface measure
ment and n-m for the last measurement 
near the drain bottom 

If not sufficient measurements have been performed, 

equation (4-23) becomes inaccurate, and a different 

approach gives better results. 

The vertical velocity distribution in open channels 

can be approximated by assuming a logarithmic func

tion of depth: 

v - a + b In y (4-24) 

where: a and b are constants 

y " D ~ Da' waterdepth in m 

The constants a and b in equation (4-24) are not in

dependent. This can be illustrated by considering 

y - 0: 

Taking b • 2.5 (T /P) where X is the shearforce 
-2 .° ° . -3 . 

in kg m and P is the density of water in kg m in 

equation (4-27) the logarithmic velocity distribution 

known in the literature (VEN TE CHOW, 1959, p.201) is 

found. 

Using linear regression analysis techniques a and b 

can be determined from a limited number (but more 

than 2) of depth and velocity observations: 

E v l n y Z In y Z v 
. n n m . n , n n-1 n-\ n-1 

m 2 m -
z (in yy - 1 ( z in yy 

n-1 n m n-1 

- ( Z v - b Z l n y ) m . n , Ja n-1 n=l 

(4-28a) 

(4-28b) 

The average velocity can be found by integration of 

equation (4-27): 

v =b/D ƒ ln(y/y ) dy - b {ln(D/y )-l +y /D> (4-29) 

*o ° 

The constant y can be expressed as a function of the 

constants a and b and can be found by reformulation 

of equation (4-26): 

-a/b 
y . e 

Substitution in equation (4-29) gives: 

v - a + b (In D - 1 + D~' e"a/b) 
P 

(4-30) 

(4-31) 

Equation (4-31) does not always provide the proper 

average velocity value. Specifically this may be the 

case when the velocity distribution is rather straight 

and due to the meaurement inaccuracies the curve fit

ting procedure gives a positive value for a and 

a negative value for b. An inverse velocity distri

bution is then found and the average velocity calcu-
* 

lated with equation (4-31) becomes negative. 

The calculated result becomes negative because the 
y0 value calculated with equation (4-30) becomes 
greater than D. As a consequence the integration 
boundaries in equation*(4-29) have to be changed 
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In this case a better approximation of the average 

velocity is found by taking the arithmetic average: 

! 
y m — 

p m 

m 
E v 

n*l 

(4-32) 

The average velocity in the vertical at the reference 

point, v , is related with the average velocity in 

the cross-section, calculated from the float measure

ments, vf. A linear relationship between both has 

been assumed: 

In fig. 4-6 d this method is illustrated by using the 

first 6 measurements (n - 6) of fig. 4-6 a. In the 

figure 4-6 d the reversed velocity profile (least 

square line) is indicated and the calculated average 

velocity (equation 4-32) given (v - 0.351). 

The results of these 4 cases recognized are summa

rized in table 4-1, together with the fractional 

deviation from the best estimate for the true average 

(weighted average for the complete measurement, n"15). 

c v 
P P 

(4-33) 

where c 

If some calibrations have been performed in the past, 

the correction factor c' (equation 4-12) is vali

dated and the equation for the (corrected) dis

charge calculated from the pendulum meter measure

ments becomes: 

Q - A v c c'„ (4-34) 
P P P D 

3 -I 
where Q » discharge in m .s , calculated by the 

pendulum method. 

The velocity distribution presented in fig. 4-6 a 

will be used to illustrate the different approaches 

to the calculation of the average velocity. 

Wei.ghted_ave£a£e^ Provided that sufficient measure

ments have been made (Da/D > 0.8) the weighted aver

age (equation 4-23) should be calculated. In fig. 

4-6 a this methode is illustrated for a complete 

measurement (n » 15), where over the complete depth 

range (3 m) velocity observations have been made. 

The calculated average velocity (v - 0.319) can be 

considered as the best estimate of the true average 

velocity. In fig. 4-6 b the same method (equation 

4-23) using the same measurements but excluding the 

lowest two (n = 13) is illustrated. The condition 

Da/D > 0.8 is fulfilled. Comparison with fig. 4-6 a 

clearifies the difference between both. For the 

incomplete measurement a lower calculated average 

velocity results (v • 0.304). 

Rej>ression_analysis. If insufficient measurements 

have been taken (Da/D < 0.8) the regression analysis 

(equation 4-31) should be used. In fig. 4-6 c this 

method is illustrated using the data of fig. 4-6 a, 

omitting the last 4 velocity measurements (n « il). 

The least square logarithmic velocity distribution 

is given and the average velocity calculated 

(v - 0.328). 
P 

ArithmetJ:c_ave_rag^eJ_ If the regression analysis method 

gives negative results the velocity profile is rever

sed (highest velocity near the bottom) and the arith

metic average (equation 4-32) should be calculated. 

Calculat ion method 

Weighted averag« (4-21) 

Regrei i ion a na ly t i » (4 -} l ) 

Ari thmetic averag* (4-32) 

0. 

n- lS 

319 (0.00) 

NumbtT of 
n-13 

0.304(0.05) 

observat ions 
n-1 1 

0 .228(0.29) 

0.328(0.03) 

i»"6 

0.146(0.54) 

- 122.981 

0 .351(0.10) 

Table 4-1. Average velocity, v , calculated for diffe
rent number of observations. The numbers 
between brackets give the fractional de
viation compared with, n-15, equation (4-23), 

v - 0.319 
P 

Although for other sets of measurements different 

results may be obtainted, the data in table 4-1 give 

an indication of the reliability of the average velo

city calculated with the methods proposed (maximum 

deviation in the order of magnitude of 10%). 
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fig.4-6.Calculation average velocity in a vertical 
a. Complete measurement,n"15,weighted average 

(eq. 4-23) 
b. Incomplete measurement,Da > 0.8D, n-13, 

weighted average (eq.4-23; 
c. Incomplete measurement, Dam<0.8D,n-l 1 

regression analysis (eq.4-31) 
d. Incomplete measurement, Dan < 0.8D,n»6,re

versed velocity profile,arithmetic average 
(eq.4-32) 
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* ' e - *R-0.5EanAl 

* c » co»3 • '<. Ea AL 

Da - 0.5 H + co« • ' » Ea 4L 

sec f lag 0 

* Da - D - Da 

0.5 ÛD* - 0.5 H n 
E v ADa • 0 

T - Ev ln(D-Da) - n" Ev S ln(D-Da) 

N - Uln(D-Da)}2- n"1 (Eln(D-Da)}2 

b - T/K 

a - n" '{ Ev - b Eln(D-Da)} 

y / P r iâ t CR, Da, vg / 

Set flag I 

Ev • Ev+v 

E ln(d-Da) - Sin (D-Da)+lo(D-Da) 

E {ln(D-Da)}2 - E {ln(D-Da)>2 + (lo(D-Da)}2 

Ev In(d-Da) « Ev ln(D-Da) + v In(D-Da) 

n - n+1 

next data set 

A Da , * D-Da 

E vfi Da »E vADa+0.5 v (üDa +ADa ) n n n+1 

/ 

v - H l Da/D 
P 

Print D, v 
P 

1 
Clear flag 0 

Clear flag 1 

1 
END 

/ 

Fig. 4-7. Flow diagramme main programme (LBL A) and sub programme (LBL B) of the 
HP 97 programme 'Hand pendulum meter' 
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The equations (4-14),(4-15),(4-20),4-22);(4-23), 

(4-28) and (4-31) have been programmed for the HP 97 

calculator. Unfortunately the memory space available 

(224 programme steps) is not sufficient to include 

equation (4-32). The programme 'Hand pendulum meter' 

operates in combination with a data card on which 

the characteristics of the resistance bodies are 

compiled. The organization of the data card is as 

follows: 

R«giat«r itesiitanc« body Identification 
1 

7.3315 0666 

6.3650 1825 

6.0860 3640 

6.0855 6300 

0.14 3.315 0.666 

0.12 3.650 1.825 

0.12 0.860 3.640 

0.12 0.855 6.300 

The number before the decimal point gives 0.5 H in 

cm, the first 4 digits behind the decimal point are 

reserved for K and the last 4 digits for K-. 

The following (key-board controlled) sub pro

grammes are distinguished (see annex 8.2 for the pro

gramme listing and user instructions): 

LBL a. In this sub programme the waterdepth at re

ference point D is read and stored. A code number i 

for the resistance body type is read (i • 1 for body 

K, 2 for L, 3 for M and 4 for N) and the resistance 

body identification number is split into the con

stants H, K and K. and stored. The registers that 

will be used for sums in the programme are cleared 

(programme initialisation). 

LBL A. This is the main programme. The measured angle 

<)>_ and the depth counter reading C_ in dm are read, 

the actual depth of observation Da and velocity v 

are calculated and stored. The depth counter reading 

C , depth Da and velocity v are printed. If the pro

gramme calculates a depth of observation Da that is 

greater than the waterdepth at reference point D 

this programme (LBL A) transfers execution to sub 

programme LBL B for the calculation of the average 

velocity v , Therefore the flow diagrammes of both 

the main programme LBL A and the sub programme LBL B 

are combined in fig. 4-7. 

LBL B. In this sub programme the average velocity v 
P 

is calculated and D and v are printed. If under 

LBL A the calculated depth Da is found greater than 

D, LBL B is not key board controlled, but (part of) 

the sub programme is automatically excecuted by the 

main programme (see flow diagramme in fig. 4-7). 

The complete procedure for the pendulum meter 

calculations is as follows: 

1. Calculate the average velocity v with the pro

gramme 'Hand pendulum meter' following the user 

instructions given in annex 8.2 (see also example 

4-5). 

2. Record the calculated average velocity with 3 

digits behind the decimal point (v.wv) on the 

calculation sheet (annex 2). 

3. Check the average pendulum velocity against the 

average float velocity with the relation between 

both established with the data of the previous 

observation year. No examples can be given here 

because 1980 is the first year of observation. 

In fig. 4-8 the general shape of such a relation 

is given. 

-1\ float velocity, vf Ims" ) 
0.6 

0.2 0.4 0_6 0.8 
pendulum velocity.vp (ms~ ) 

Fig. 4-8. Example of 'float' velocity-'pendulum' 
velocity relation with enveloping curves 
based on routine measurements 

If the calculated data pair (v., v ) is found out

side the area enclosed by the upper and lower en

veloping curves the field data of both the floats 

and hand pendulum meter measurements and the sub 

sequent calculation have to be checked on possible 

mistakes. 

4. For the calculation of discharge two possibilities 

do exist (see also chapter 4.1.1.2). Based on the 

calculations of the previous observation year it 

has been decided whether the float measurements or 

the pendulum meter measurements have to be used 

for the calculation of discharge. This choice of 

method to be used will be treated in chapter 5.2. 

- If the float measurements have been identified 

as the more reliable method, the calculated 

average pendulum meter velocity will be used as 

a check on the float measurements (step 3) and 

the steps 4-6 can be deleted. 

- If the pendulum meter measurements have been 

identified as the more reliable method, or if 
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Example 4-5. Calculation average 'pendulum' velocity (field data from annex 1.1.3) 

Input Keys Output Comments 

1.12 ENTER t 
1 f A 

20.5 ENTER + 
39 A 

19.5 ENTER t 
40 A 

21.5 ENTER t 
42 A 

23 ENTER + 
44 A 

22.5 ENTER t 
46 A 

19.5 ENTER + 
48 A 

22.5 ENTER t 
49 A 

1.08 ENTER t 
3 f A 
6.5 ENTER t 
3.6 A 

18 ENTER t 
38 A 

8.5 ENTER + 
40 A 

8 ENTER t 
42 A 

7.5 ENTER + 
44 A 

7.5 ENTER t 
46 A 

39. 
0.07 
0.50 

40. 
0.16 
0.48 

42. 
0.35 
0.51 

44. 
0.53 
0,53 

46. 
0.72 
0.52 

48. 
0.92 
0.48 

49. 
1.00 
0.52 
1.12 

0.475 

36. 
0.06 
0.64 

38. 
0.26 
0.71 

40. 
0.46 
0.73 

Enter card with programme 'Hand pendulum meter' 
Enter card with data 

Water depth FB 03 dd. 09/11/80 
Resistance body type K 
Input <J>R 

Input C R and output Co 
Output depth of measurement Da 
Output actual velocity vj 
Input <t>R 
Input CR and output C R 
Da 

V2 

*R 
CR ( input and ou tput ) 
Da 
v 3 
<I>R 
CR ( input and output) 
Da 
V4 
<t>R 
C R (input and output) 

Da 
v 5 
*R 
C R (input and output) 
Da 
v6 

*R 
C R (input and output) 
Da 
vp 
p » water depth at reference point 
v - average pendulum velocity 

42. 
0, 
0. 

44. 
0, 
0. 

46. 
0.622 

water depth at reference point FB 03 dd 18/04/80 

resistance body type M 

•R 
C R (input and output) 

Da 

vi 

*R 
CR 

Da 

v2 

• R 

C R (input and output) 
Da 
v 3 

*R 
C R (input and output) 
Da 

n 
*R 
C R (input and output) 
Da 
V5 

•R 
Cg (input and output) 
v , average pendulum velocity. The resistance body reaches 

™ the drain bottom during this measurement 
1.11 ENTER t 
2 f A 

12.5 ENTER + 
37 A 

16 ENTER + 
38 A -

16 
39 

15.6 
40 

ENTER t 
A 

ENTER t 

A 

16.5 ENTER t 
42 A 

f P • S 
RCL 9 

I 

f P * S 
DSP 3 

37. 
0.06 
0.64 

38. 
0.16 
0.72 

39. 
0.25 
0.72 

40. 
0.35 
0.70 

42. 
0.54 

0.72 
1.11 

324.175 

0.698 

vaterdepth 
resistance 

*R 
C R (input 

Da 
vl 
*R 
C R (input 

Da 
V2 

FB 03 dd. 30/0. 
body type L 

and 

and 

output) 

output) 

(input and output) 

C^ (input and output) 
Da 

vi 
*R 
C R (input and output) 
Da 
v 4 
*R 
C R 
Da 
V5 

Calculate results D - I.II 
v , average pendulum velocity negative. Velocity 

" distribution reversed. 
Expose the protected registers S 0 - S 9 
Zvn - 3.49 
n - 5 
v - 0.70 
Expose the non-protected registers 0 - 9 
Give v with 3 decimals 

P 

35 



float measurements have not been performed on the 

date for which the calculations are beinig car

ried out, or if float measurements have not been 

considered for the measurement point in question, 

the discharge can be calculated (eq. 4-34) as the 

product of v , A, c and c ' . The correction fac-
P P D 

tor c has been determined empirically by com-
P 

paring the float and pendulum measurements of 

the previous observation year and the depth-

dependable correction factor c' by comparing 

the routine measurement (Q_ or Q ) of the pre

vious observation year with the calibration 

measurements. 

Because 1980 has been the first year of obser

vation no example van be given here of the cor

rection factors c and c' , and in annex 2 no 

P D' 

discharges have been calculated using the pen

dulum meter measurements. In chapter 5 it will 

be shown how these coefficients can be derived. 

5. Record the calculated discharge with 2 digits 

behind the decimal point (QQQ.QQ) on the calcula

tion sheet (if applicable 

6. Check the discharge Q against the water depth 

with the relation between both established with the 

data of the previous observation year. No examples 

can be given here because 1980 is the first year 

of observation. In chapter 4.1.1.2, figure 4-4 

an example of such a relation has been given. If 

the calculated data pair (D, Q) is found outside 

the area enclosed by the upper and lower envel

oping curves, the dield data and the subsequent 

calculations have to be checked on possible mis

takes. 

4.1.2. Discharge data processing at pump stations 

The discharge data processing at pump stations 

has been the responsibility of the Ministry of Irriga

tion ever since this ministry started constructing 

pump stations. Depending on the availability of 

capacity curves for the pump units the daily volume 

of water pumped is calculated. 

7 - 3600 N Q„ (4-35a) 
F 

if this curve is not available, or 

V - 3600 N Q„ (4-35b) 
H 

if such a capacity curve is used, 
3 

where: V « daily volume of water pumped in m 

N » number of pumping hours 
3 -I 

QF » capacity of the pump unit in m .8 (fixed) 

Q„ » idem (in relation to AH, the suction head 
m m) 

The results communicated by the Ministry of Irrigation 

to other users (such as DRI) are the total volumes of 

drainage water pumped per month or per decade (see 

annex I). For the conversion of these total volumes 

to discharges the following relation can be used: 

Q • 86400 n 
(4-36) 

where: V' « total volume pumped per month or decade 
in nH 

* 
n " number of days in the month or decade 

considered 

If calibration measurements have been performed the 

relation between discharge and suction head is known 

(see annex 2.6.1): 

Q' - Q + SAH H o 
(4-37) 

where: Q - Q' axis intercept for AH » 0 in m .s 

S - slope of the relation (- dQ/d(AH)) 

On the condition that data on the average suction 

head during the calculation period considered can 

be obtained the discharges calculated with equation 

(4-36) can be corrected for the actual suction head: 

Q - Q U A 
if no capacity curve has been used, and 

Q' (gl) 
Q

c - Q Q7(ZH7 

(4-38a) 

(4-38b) 

if such a curve has been used for the calculation of 

V, 

where: Q 
A' U . 3 - 1 „ . 

average discharge in m .s corrected 
for average suction head 

Q'(AH)» discharge at suction head AH according 
to the calibration measurements 

AH » average suction head in m during 
the period considered 

Q„(A"ÏÏ)" discharge at suction head AH according 
to the capacity curve used by the 
Ministry of Irrigation 

The complete calculation procedure is as follows: 

1. Calculate the average discharge during the period 

considered (month, decade) according to equation 

(4-36). 

2. Correct the discharge calculated for the actual 

average suction head during the period considered 

(equation 4-38). If no calibration measurements 

have been performed at the pump station in ques

tion step 2 can be omitted. If calibrations have 

been performed the following additional informa

tion must be collected from the Ministry of Irri

gation: 

+ the method according to which the reported vol

umes of drainage water have been calculated 

* Normally a decade has 10 days (n=10). The decade 
Feb.Ill, however, may have 8 or 9 days, and the 
decades Jan.Ill, Mar.Ill, May III, Jul.Ill, Aug.Ill, 
Oct.Ill and Dec.Ill have 11 days (n-11) 
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(capacity curve or fixed capacity); 

+ the average suction head AH during the periods 

considered; 

+ the details of the capacity curve used or the 

exact fixed capacity used for the calculation 

of the reported volumes. 

After obtaining this information the corrected dis

charges are calculated in the following way: 

- calculate Q (AH) using the capacity curve of 
n 

the Ministry of Irrigation (if applicable); 

- calculate Q'(AH) using the calibration relation 

(4-37); 

- calculate the corrected discharge Q using equa

tion (4-38). 

3. Record the calculated discharges on the calculation 

sheet with 2 digits behind the decimal point 

(QQQ.QQ). Record the average suction head during 

each period with 2 digits behind the decimal 

point (H.HH). Report this for every date on which 

water quality measurements have been performed, 

but at least once during every period (month, de

cade) considered. See annexes 2.9 and 2.10 for exam

ples of a monthly period and annexes 2.11 and 2.12 

for examples of decades. 

Of the 4 pump stations for wich routine measure

ment data have been collected (annex 1.9 - 1.12) no 

calibration measurements have been performed. As a 

consequence the results presented in annexes 2.9 - 2.12 

have been calculated with equation (4-36) and no 

examples of the correction for actual suction head pro

cedure can be given here. 

4.2. Water quality measurements processing 

The laboratory analysis results (EC, [Ca ] , 

[Mg + ] , [Na+], [K + ], [C02~], [HC0~], [S02~] and 

[CI ]) can be used to calculate certain water quali

ty parameters, such as the SAR , sodium adsorption 

ratio, adj. SAR and RSC (residual sodium carbonate). 

The calculation of these parameters is facilitated 

by the use of a HP 97 programme 'Water quality pro

cessing'. This programme is also used for checking 

the laboratory analysis (see chapter 3). The method 

of cross-checking the measured EC value against the 

concentration of cations and anions will therefore 

be included here. 

The SAR value of an irrigation water is related 

to the equilibrium (long range) exchangeable sodium 

percentage, ESP, of the exchange complex of the soil 

irrigated with this water. The SAR is defined as fol

lows: 

SAR 
_[Naj_ 

{[Ca + Mg]/2 >i 
(4-39) 

1 , - i where SAR-sodium adsorption ratio in mmol .1 

Permeability problems due to excess sodium or limited 

calcium can be evaluated using a new concept, the 

adjusted SAR: 

adj. SAR - SAR (9.4 - pHc) (4-40) 

where:adj. SAR » adjusted,sodium adsorption ratio in 
mmol'.r 4 

pHc - theoretical and calculated pHc value 
for equilibrium with lime 

The pHc evaluates the tendency of the water to dis

solve lime from the soil (pHc greater than 8.4) or 

to precipitate lime (pHc less than 8.4). The pHc in 

equation (4-40) is defined: 

pHc - pK'2 - pK'- + p(Ca + Mg) + pAlk (4-41) 

where: pK' - pK' is a function of [Ca + Mg + Na]. 

p(Ca + Mg) is a function of [Ca + Mg] 

pAlk is a function of [CO. + HCO..] 

[Ca«Mg.Na) 
- 1 

i n meq 1 

5.1 
5.8 
6 .6 
7.« 
8 .3 
9.2 

I I 
13 
15 
18 
22 
25 
29 
3* 
39 
«5 
51 
59 
67 
76 

p K ' , - p K ' c 

2.22 
2.23 
2.24 
2.25 
2.26 
2.27 
2 .28 
2 .30 
2.32 
2.34 
2.36 
2 .38 
2 .40 
2.42 
2.44 
2.46 
2 .48 
2 .50 
2.52 
2.54 

- 1 
i n rot-q 1 

1.25 
1.58 
1.98 
2.49 
3.14 
3.90 
4.97 
6.30 
7.90 

10.00 
12.50 
15.80 
19.80 

p(Ca»Mg) 

3.20 
3.P0 
3.00 
2.90 
2.80 
2 .70 
2 .60 
2.50 
2.40 
2 .30 
2.20 
2 .10 
2 .00 

[ CO • HCoJ 

i n nieq/1 

1.25 
1.57 
1.98 
2.49 
3.13 
4.0 
5.0 
6.3 
7.9 
9.9 

12.5 
15.7 
19.8 

pAlk 

2.90 
2 .80 
2.70 
2.60 
2.50 
2.40 
2.30 
2.20 
2. 10 
2.00 
1.90 
1.80 
1.70 

Table 4-2. Tables for calculating the pHc of water 
(AYERS, 1977) 

In table (4-2) tables of these functions are 

presented (AYERS, 1977).Using the data of this table 

the fallowing empirical power relations have been 

found : 

,0.0502443 pK'2-pK'c - 2.03144 [Ca+Mg+Na] 

p(Ca+Mg) - 3.374208 [Ca+Mg] 

pAlk - 3.08763 [C03+HC0 ] 

R - 0.993 (4-42) 

0.168965 

R2 - 0.996 (4-43) 

-0.191873 

R2 - 0.994 (4-44) 

-1 
*The concentrations are expressed in meq.1 . The 
electrical charges of the ions will be omitted in 
the ensuing text and formula's 
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The residual sodium carbonate is a parameter indi

cating the alkalinity hazard for the soil: 

RSC - [Hee3+C03]-[Ca+Mg] if [HC03+C03]-[Ca+Mg] > 0 

and RSC - 0 if [HCO +CO,]-[Ca+Mg] < 0 (4-45) 

where RSC » residual sodium carbonate in meq.1 

The total dissolved salts, TDS, expressed in 

mg.1 (ppm) can be calculated by multiplication of 

the concentrations with the equivalent weights of 

the ions (see table 4-3). 

Ion species 

Ca 

Mg 

Na 

K 

C03 
HC03 

S04 
CI 

Equivalent weight 

20.04 

12.1525 

22.9398 

39.102 

30.0046 

61.0172 

48.0288 

35.453 

Table 4-3. Equivalent weights of common cations and 
anions, used in the HP 97 programme 
'Water quality processing' 

The measurement concentrations of cations and 

anions can also be used to calculate the EC of the 

drainage water. The chemical composition of the water 

is simplified to this purpose in the following way: 

- the Ca and Mg ions are both considered as Ca 

- the Na and K ions are considered as Na 

- the HCO, and CO, ions are considered as HCO, 

The conductivity of single salt solutions is known 

(see fig. 4-9) from the literature (RICHARDS,1954). 

The following salts are considered: 

- sodium bicarbonate, NaHCO, 

- sodium chloride, NaCl 

- calcium chloride, CaCl. 

- di sodium sulphate, Na.SO, 

- calcium sulphate, CaSO, 

For each of the salts considered empirical rela

tions have been fitted through the curves given in 

fig. 4-9: 

0.942497 
ECS - 0.100250 [NaHC03] 

R 0.99991 

EC - 0. .35698 [NaCl] °-948.705 

b R - 0.99989 

EC, - 0.132651 [ C a C l , ] 0 , 9 4 " 8 1 

b R - 0.99997 

EC. - 0.132445 [Na.SO,]0 - 9 2°7 9 7 

b R - 0.99982 

(4-46) 

(4-47) 

(4-48) 

(4-49) 

concentration Imeq. I' I 

400 

200 

100 
60 
60 

40 

I C a C U / M g C u L / / ' 

02 04 0 6 0 6 1 2 4 6 810 20 40, 
electrical conductivity (mmho cm"1) 

Fig. 4-9. Concentration of single sal t solutions in 
milliequivalents per l i t e r as related to 
e lectr ical conductivity 

EC. - 0.134600 [CaSO ] ° ' 8 2 ° 6 7 

b R - 0.99995 (4-50) 

where: EC » electrical conductivity of the single salt 
solution in mmho.cm-1 

The EC of a solution containing several salts can be 

assumed to be the sum of the contributions of the in

dividual salts: 

ECM - I A ECS. (4-51) 

where E C » electrical condu tivity of a solution con
taining several salts in mmho.cm"1 

AEC„.- contribution of salts Si to the total 
ECW in mmho.cm-' 

M 

For the calculation of the AEC„. a correction has to 

be applied for the ionic strength of the solution. 

Assuming the same interactions between ions of dif

ferent species as for ions of the same species the 

following general form of equations (4-46) - (4-50) 

can be formulated: 

AEC, 
[Sil ,v _ .b 

FSE a ( E c a t > 
(4-52) 

where a and b are the constants of the relation for 
salt Si, defined in equations (4-46) -
(4-50) 

The allocation of the cations (2) and anions(3) 

to the salts Si (5) has been assumed as follows: 
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[NaHC03] - [Na] i f [Na] < [HCC>3] 

- [HC03]if [Na] > [HC03] 

[NaCl] - [Na-NaHC03]if [Na-NaHCOj] < [Cl] 

- [Cl] if[Na-NaHC03] > [Cl] 

[CaCl2] - [Ca] i f [Ca] < [Cl-NaCl] 

- [Cl-NaCl] i f [Ca] > [Cl-NaCl] 

[Na2S04] - [Na-NaHC03]-[llaCl] (4-56) 

(4-53) 

(4-54) 

(4-55) 

[CaSO ] - [Ca - CaClJ (4-57) 

The equations (4-39) - (4-57) have been program

med for the HP 97 calculator. The programme operates 

in combination with a data card on which the constants 

of the empirical relations (4-42) - (4-44) and (4-46) 

- (4-50) have been compiled. 

The following (key board controlled) subprogram

mes can be distinguished (see annex 8.3 for the pro

gramme listing and the user instructions): 

LBL A. In this subprogramme the concentration of cat

ions is read (Ca, Mg, Na and K) and stored in the 

registers. 

LBL IS. This is the main programme. The concentration 

of anions (CO,, HCO,, SO, and CI) are read and stored 

in the registers and the results ( Ecat-£an, SAR, adj. 

SAR, RSC, EC and TDS) are calculated and printed. 

The flow diagramme of both LBL A and LBL B is pre

sented in fig. 4-10). 

The complete calculation procedure for the water 

quality calculations is as follows: 

1. Prepare the heading of the calculation sheet (for 

pump stations only, see annex 2). Record the obser

vation year, catchment area( name of the drain at 

the outlet to the sea), the measurement point iden

tification code and the calibration relation (if 

applicable). The preparation of the calculation 

sheets for open drains has been treated in chapter 

4.1.1.2. 

2. Check the EC measured in the laboratory with the 

EC measured in the field. If the difference between 

both is appreciable (more than 10 %) the chemical 

analyses of the water sample has to be repeated. 

If the whole series of measurements is deviating 

both the laboratory and the field EC meters have 

to be checked on the validity of the cell-constant 

(see chapter 3.1). 

If the repeated analysis results in the same devi

ations, attention should be paid to the possibility 

that water samples between two or more measuring 

points have been accidentally exchanged. Check the 

results for the same measurement date of the other 

measurement points. 

3. Record the field observation date (not the date 

on which the sample has been transferred to the 

laboratory) on the calculation sheet. Round the 

concentrations of Ca, Mg, Na, K, CO,, HCO, and 

Cl to the nearest digit behind the decimal point 

and record the rounded numbers on the calculation 

sheet. The pH should also be rounded to one digit 

behind the decimal point and the EC to two digits 

behind the decimal point and recorded on the cal

culation sheet. 

4. Check the Na concentration and CI concentration 

against the measured EC value using the relations 

found from the results of the previous observation 

year. Since 1980 has been the first year of obser

vation no examples of this procedure can be given 

here. The general shape of such relations is given 

in fig. 3-2;chapter 3. 

If the data pairs (EC, Na) and/or(EC/Cl) are found 

outside the area enclosed by the lower and upper 

envelope curves the chemical analysis of the sample 

should be repeated. If such a repeated analysis 

gives the same results attention should be paid to 

the possibility that samples have been exchanged 

(see step 2 ) . 

5. Calculate the SO, concentration as the difference 
4 

between cations and anions using the rounded num

bers recorded on the calculation sheets, and re

cord the result with one digit behind the decimal 

point on the calculation sheet. If the difference 

between the laboratory reported concentration and 

calculated SO, concentration is more than 0.2 
-1 4 

meq. 1 an error may have been made with the 

rounding off procedure.If the calculated SO, con

centration is negative (see annex 2.7.2 measure

ments of 24/11/80) the chemical analysis should 

be repeated. If the repeated analysis gives the 

same results the (negative) SO, concentration 

should not be recorded and the steps 6 and 7 of 

this procedure may be omitted. 

6. Check the EC against the calculated EC based on 

the cation and anion concentrations and calculate 

the SAR, adj. SAR, RSC and TDS using the HP 97 

programme "Water quality processing" following 

the user instructions given in annex 7.3 (see 

also example 4-6). If the difference between EC 
c 

and EC (measured) is less then 10 Z, the calculated 

waterquality parameters SAR, adj. SAR and RSC are 

recorded on the calculation sheet with one digit 

behind the decimal point (dd.d) and the TDS rounded 

to the nearest 10 (this is automatically done by 

the HP 97 programme). If the difference between 

both is more than 10 31 the chemical analysis of 
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f Start A J 

Read cations Ca, Mg, K, Na 

store cations 
calculate £cat 

calculate Ï. ppm (cat) 

f ^ End A J 

zzxzr 
f Start B J 

Read anions CO,, HCO., SO,, CI 
3 3 4 

Score anions 
calculate £ an 

calculate TDS » Eppm(cat) +£ ppm(an) 

Print Ecat - £an 

calculate SAR, adj SAR 

equations (4-39) - (4-44) 

Print SAR, adj. SAR 

1 
Ca 
Na 

HCOj 

. 
» 
• 

Ca + 
Na * 
HCOj 

Mg 
K 
+ COj 

HC03 - HCOj - NaHCO and Na - Na - NaHCOj 

calculate ÄEC (NaHCOj): eq. (4-46) (4-52) 

ZL EC - h EC 

NaCl - Cl 

Cl - Cl - NaCl and Na - Na - NaCl 

calculate AEC (NaCl): eq. (4-47) (4-52) 

Ei EC - M EC + AEC 

CaCl2 - Cl 

Ca - Ca - CaCl, 

calculate AEC(CaCl2) : eq.(4-48) (4-52) 

ZA EC - ri EC +i EC 

Na2S04 - Na and CaSO, - Ca 

calculate-AEC(Na-SO) andA EC(CaSO ) 

equation» (4-49) (4-50) (4-52) 

*= ' 

NaCl - Na 

J 

I 

Fig. 4-10. Flow diagramme HP 97 programme 
Water Quality processing' 

print EC , TDS 

C ESD ) 
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Example 4-6. Water quality data processing (data from annex 2-1-2) 

Input Keys Output Comments 

3.6 
5.3 
5.6 
0.1 

0 
4.2 
3.4 

7 

6.6 
10.1 
35 

0.7 
0 

5.3 
17 
30.1 

3.85 
1.1 

ENTER + 
ENTER + 
ENTER + 

A 
ENTER + 
ENTER f 
ENTER + 

B 

ENTER + 
ENTER t 
ENTER t 

A 
ENTER + 
ENTER t 
ENTER + 

B 

ENTER + 
X 

0.000000000 
2.7 
6.4 
0.0 
1.45 

940. 

Enter card with programme 'Water quality processing' 
Enter data card 'Water quality processing' 
Ca concentration dd. 09/01/80 
Mg concentration 
Na concentration 
K concentration 
COjconcentration 
HCO3 concentration 
SO4 concentration 
CI concentration 
SAR 

adj SAR 
RSC 
ECC; the EC measured in the laboratory was 1.45 

_TDS_in_p_gm 

(input); Ecat - Ean (output) 

Ca concentration dd. 23/01/80 
Mg concentration " 
Na concentration " 
K concentration " 
C03concentration " 
HCO3 concentration " 
SO4 concentration " 

0.000000000 CI concentration 
12.1 SAR 
31.3 adj. SAR 
0.0 RSC 
4.89 ECC 

3290. TDS ppm 
EC measured in the laboratory 

4.24 The EC measured is more than 10 Z lower than the ECC 

(input) ; Z cat - Dan (output) 

calculated 

the sample should be repeated. If the repeated 

analysis gives the same results, the calculated 

water quality parameters are not recorded, and a 

positive sign (+) is recorded in the EC column of 

the calculation sheet if the measured EC is grea

ter than the calculated EC and a negative sign 

(-) if EC is smaller than EC (see annex 2 ) . 
c 

7. After all results of the observation year and the 

firstt set of observations of the next observation 

year have been recorded the calculation sheets 

have to be copied and the copy transferred to the 

department head for filling. It is important that 

this copy is stored seperately, because the data 

sheet contains the original processed data and 

they may be required in future for reference. On 

the original calculation sheet data may be added 

and/or changed as a result of the data consistency 

analyses (see chapter 5 ) . 

4.3. Calibration measurements processing 

(H. Meyer) 

A distinction is made between the calibration 

data processing at pump stations and at open drains. 

In both cases the current meter measurements have to 

be translated into velocities, for which the factory 

calibrated relation is available for each wing: 

a + b n (4-58) 

-1 where: v - velocity in m.s 

a and b " factory calibrated constants depending 
on the wing used 

n - number of revolutions per seconds 

If the measurement interval is A t seconds, n is defined: 

n - N/ At (4-59) 

where: N « number of revolutions during the pre-set 
time interval 

At « measurement time interval in s. 

The constant a en b that are factory calibrated 

when the meter is still new, have to be reconsidered 

after each period of operation of approximately one 

year. A recalibration has to be performed every year, 

or whenever damage to the instrument is suspected, 

ïhe Hydraulics Research Institute at the Nile Delta 

Barrages (Ministry of Irrigation) has all necessary 

equipment to perform these calibrations. 

4.3.1. Calibration measurements data processing at 

pump stations 

Two types of measurements are performed at pump 

stations: level measurements to determine the suction 

head and current meter measurements to determine the 

discharge. The suction head can be calculated from 

the field observations: 
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AH - Ah + Hm - Hm, (4-60) 
s d 

where:A H » suction head in m 

A h " level difference between fixed points 
at suction and delivery side in m 

Hm » distance between waterlevel and fixed 
s . . . . 

point at suction side in m 

Hra " idem at delivery side 

The level difference between the fixed points 

is determined by the level instrument readings (see 

fig. 2-12.: 

h " A b s { E ( R b a c K - R r o r w ) } ( 4 - 6 1 ) 

whwre: R, . - backward instrument reading 

R. • forward instrument reading 
forw ° 

Abs • absolute value of the expression 
between brackets 

If the staff is placed on the suction side fixed 

point first, the summation in equation (4-61) will by 

positive, if the measurements start at the delivery 

side fixed point the summation will be negative. 

The first current meter observation in a verti

cal is always performed at 0.25 m from the approach 

channel's bottom (see chapter 2.4.1) and the inter

vals between successive measurements is 0.50 m. 

When n measurements are performed in this way, the 

depth interval between the water surface and measure

ment n is given by: 

d _,_. - D - 0.5 n + 0.25 
n+1 

(4-62) 

where: d • distance between the last measurement 
and the water surface in m (see fig. 
4-11) 

D » waterdepth in m 

n » number of measurements performed in 
the vertical 

Fig. 4-11. Measurement intervals in the vertical 
at pump stations 

Assuming that 50 Z of the lowest depth inter

val (50 Z of 25 cm) contributes to the discharge, 

the discharge per unit width of the vertical can be 

calculated by multiplying the velocities with the 

depth intervals: 

n-1 
q - 0,375 v + I 0 .5 v . + (D+0.5 - 0.5n)v (4-63) 

' i - 2 x n 

2 — 1 where q • d ischarge per un i t width in m . s 

The average v e loc i t y in the v e r t i c a l i s obtained by 

d iv id ing with D: 

v - q/D (4-64) 

The verticals are measured at equal intervals and the 

distances between the side walls of the approach 

channels and the first and last vertical are equal 

and relatively small (see chapter 2.4.1.). Assuming 

that 2/3 of the first and last interval contribute 

to the discharge, the discharge through the approach 

channel can be calculated by multiplying the discharges 

per unit width with the width of the intervals: 

2 W W m-1 

Q- - r o n * V +Hr .\ <«i • W (4"65) 

i» i 
3 -1 

where: Q " discharge in m .s 

W « width of the first and last interval 
(between vertical and side wall) in m 

m « number of verticals measured 

W » width of the interval between verticals 
m 

in m 

The suction head discharge relation can be obtaind by 

linear regression analysis (standard HP 97 programme) 

using the data pairs ( AH, Q ) : 

Q - Q + S AH 

where: Q and S are regression constants. 

(4-66) 

High correlation coefficients of equation (4-66) 

cannot be expected due to several reasons: there may 

be differences between the individual pump units; 

floating water plants (trashracks not completely 

clean) may disturb the measurements; and the AH range 

covered generally is rather limited. 

The calculations are facilitated by the use of stand

ard calculation sheets as will be shown below. 

The complete procedure for the calculation of the 

suction head discharge relation of a pump station is 

as follows: 

1. Calculate the difference between the level of the 

fixed points and calculate the average suction 

head during each measurement of a pump unit using 

equation (4-61) and (4-60). See example 4-7. 

2. Prepare the heading of velocity calculation sheet. 

Record the name of the pump station, the pump 

unit number, the observation date, the wing identi

fication number, the wing relation (4-58), the time 

interval, and the average suction head. See example 

(4-8). Record the distance of the verticals from 

the approach channel's side. 
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Example 4-7. Calculation Ah and AH (data from annex 1.6.5) 
Using the HP 97 calculator the following procedure can be used 

Input Keys Output Comments 

2.206 
0.284 
1.478 
1.040 

2.36 
0.71 
0.88 
2.36 
0.66 
0.975 

2.36 
0.685 
1.03 

2.36 
0.68 
1.09 

4 

ENTER 

-
ENTER 

-
+ 

ENTER 
+ 
-

ENTER 
+ 
-
+ 

ENTER 
+ 
-
+ 

ENTER 
+ 
-
+ 
* 

+ 

+ 

+ 

t 

+ 

+ 

1.92 

0.44 
2.36 

3.07 
2.19 

3.02 
2.05 
4.24 

3.05 
2.02 
6.25 

3.04 
1.95 
8.20 
2.05 

backward reading 

forward reading (input) > Rback ~ Rforw (°utPut:) 
Rback ... 
Rforw (inPut),Rback " Rf°rw ( o u t P u t ) 

Ah - Z(Rv-.i, - Rf„_,) 

Ah 
Ah + Hms at 10.00 (pump unit 1 calibrated between 10.00 and 10.45 
Ah + Hms - Hny at 10.00 
Ah 
Ah + Hms at 10.15 
Ah + Hms - Hmd at 10.15 
t 
Ah 
Ah + Hms at 10.30 
Ah + Hms - Hny a t 10.30 
Z 
Ah 
Ah • Hms at 10.45 
Ah + Hmg - Hny at 10.45 
I 
AH -E ( )/4; 4 suction head measurements have been performed 

Example 4-8. Calculation of current meter velocities at pump stations 

The data used are the calibrations of pump unit 1, performed between 10.00 and 10.45 on 
28/10/81 at Hanut pump station (annex 1.6.5) 
The calculation sheet for these data is as follows: 

LOCATION 
PUMP UNIT NR 

: Hanut pump 
: 1 

OBSERVATION DATE: 28/10/81 

Distance of 
vertical from 
side wall 

Distance of 
vertical from 
side wall 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.125 

x 0.53 • 
x 0.33 • 
x 0.34 • 
x 0.45 • 
x 0.47 • 
x 0.53 • 
x • 
X > 
X " 

0.5 „ x 
0.37 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.35 

x 0.42 • 

V " 

2.125 

x 0.36 • 
x 0.34 • 
x 0.50 • 
x 0.51 > 
x 0.53 • 
x 0.56 • 
X " 
X • 

X • 

X • 

x 0.47 • 

V" 

itation 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.38 

0.625 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

•£$"*o.«o 

1.520 
3.35 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.37 

0.454 

0.53 
0.33 
0.47 
0.56 
0.55 
0.55 

0.55 

V " 

2.625 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0.35 
0.33 
0.45 
0.54 
0.47 
0.45 

0.40 

V" 

m 

• 

•i 

m 

m 

m 

m 

-
-
m 

H 
1 
3 

m 

M 

-
m 

-
-
-
m 

-
-
m 

1 
3 

638 
.38 

399 
37 

WING NR 
RELATION 
TIME INTERVAL 
SUCTION HEAD AH 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.32 

- 0.485 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.39 

- 0.415 

1.125 

x 0.47 
x 0.51 
x 0.45 
x 0.54 
x 0.56 
x 0.48 
x 
x 
X 

X 

x 0.44 

v » 

3.125 

x 0.36 
x 0.31 
x 0.29 
x 0.27 
x 0.28 
x 0.32 
x 
x 
X 

X 

x 0.22 

v» 

• 

« 
-
m 

m 

m 

m 

m 

m 

m 

-

1 

-
-
• 

-
• 

m 

m 

m 

-
-

c 

1-68827 
v - 0 
30 s 
2.05 

.587 

.32 

.956 

.39 * 

.262 n 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.32 

0.478 

0.375 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.282 

+ 0.006 

1.625 

x 
x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 
x 
X 

0.46 -
0.36 -
0.51 -
0.46 -
0.58 -
0.50 -

• 

m 

-
-

0.52 . 

1.544 
v 3.32 

-

- 0.465 

* v( - 0.262 (60/30) + 0.006 - 0.53 (equations (4-6l)and (4-60)) 

** AD - 0.25 + (D - 0.5 * 7 + 0.25) (equation (4-62)) 

*** q - IAD v 

+ D, measured in the field 
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3. Calculate the velocities using equation (4-58) and 

(4-59), or a rating curve of these equations. Re

cord the velocities on the calculation sheet 

(example 4-8) and calculate the discharge per unit 

width and the average velocity in the section. See 

example 4-8. Record the results on the calculation 

sheet. Use a seperate calculation sheet for each 

measurement of each pump unit. 

4. Draw the velocity profiles in the verticals on 

mm paper (fig. 4-12). Indicate the vertical (dis

tance from side wall) and record the average velo

city calculated in step 3. Check (by eye) whether 

the calculated average velocity is correct. In 

the average velocity seems too high or too low, 

repeat the calculation of q and v (example 

4-8). Make a separate graph with velocity profile 

for each measurement of each pump unit. Record 

on the graph the name of the pump station, the 

number of the pump unit, the average suction head 

during the measurement and the observation date 

(see fig. 4-12). 

5. Prepare the heading of the discharge calculation 

sheet. Record the name of the pump station, the 

pump unit number and the observation date (see 

example 4-9). 

6. Calculate the partial discharges through the sec

tions measured and calculate the total discharge 

(equation (4-65)). Record the results on the cal

culation sheet. Record also the average suction 

head during the measurements. Use a seperate cal

culation sheet for each pump unit (2 measurements 

per sheet). See example 4-9. 

7. Prepare a table of results (see annex 2.6.1) with 

the date of observation and the suction and dis

charge calculated of the pump units. 

8. Calculate the calibration relation (equation (4-66)) 

using the standard curve fitting HP 97 programme. 

See example 4-10. Record the relation on the table 

of results. If great differences do occur between 

the discharges of the individual pump units (of 

different size), seperate calibration relations 

for these units have to be prepared. 

Record the relation also on the calculation sheet 

of the routine programme measurements. 

9. Prepare a graph of the calibration measurements 

results including the calibration relation estab

lished (see fig. A 2-6, annex 2.6.1). 

10. Transfer a copy of the table with results and the 

graph to the department head for the duplicate file. 

Store the field measurement forms, calculation 

sheets and the results in a filling cabinet. 

depth (m) 

3 

2 

1 

n 

0125 m 
O 

_ \ 
? 
t 

0 

v=(U20 j 
/ 

o'' 
— 1 

0 
V 

„„„ .L—H- ' | 

3 

2 

1 

2125m 
0 

V — \ \ 
0 
1 

V=(U54 0 
1 
1 

. } 
9 
\ 

. . . ^ , 
0 0.2 04 0.6 

0.625 m 

VrQ.485 

MtnT,Am.fr~'T~ 

2625m 

V = 0.415 4 

_L 
0 0.2 0.4 0.6 

1.125 m 

=0.478 

-l.-T 

3.125m 

- — t — °i 

0 0.2 04 0.6 . 
velocity! ms"1) 

1625 m 

v=0.465 / 

...i.—r _L 
0 0.2 0.4 0 6 

velocitylms" ) 

HANUT PUMPSTATION 
PUMP UNIT 1 
AH=2.05m 
28/10/'81 

Fig. 4-12. Velocity profiles pump units 1 Hanut pump station (data from example 4-8) 
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Example 4-9. Calculation of discharge from current meter measurements at pump stations. 

The data used are the calibrations of pump unit 1, performed between 10.00 and 10.45 on 
28/10/81 at Hanut pump station (annex 1.6.5 and example 4-8) 

The calculation sheet is as follows: 

LOCATION : Hanut pump station 

PUMP UNIT NR. : 1 

OBSERVATION DATE: 28/10/81 

2/3 x 0.125 x 1.414 
0 .5 x 0.5 *** x (1.414 + 
0.5 x 0.5 
0.5 x 0.5 
0.5 x 0.5 
0.5 x 0.5 
0.5 x 0.5 
0.5 x 
2/3 x 0.125 

x (1.638 + 
x (1.587 + 
x (1.544 + 
x (1.520 + 
x (1.399 + 
x ( + 
x 0.965 

AH - 2.05 

1.638) 
1.587) 
1.544) 
1.520) 
1.399) 
0.956) 

) 

Q 

- 0.118 
= 0.763 
- 0.806 
- 0.783 
= 0.766 
- 0.730 
= 0.589 
• 

- 0.080 
+ 

= 4.64 

2 /3 x 
0.5 x 
0.5 x 
0.5 x 
0.5 x 
0.5 x 
0.5 x 
0.5 x 
2/3 x 

X 

X ( 

X ( 

X ( 

X ( 

x ( 
X ( 

X ( 

X 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

-
» 

) -
) » 

» 
-

) -
) -

AH -

* W = 0.125 m 
o 

** q. • 1.414 (see example 4-8) 

*** W - 0.5 m 
m 

+ 
i i+1 (equation (4-65); example 4-8) 
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Fig. 4-13. Velocity profiles (5-29) 'Kubri Bahr Hadus' (data from example 4-11) 
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11. Once every year the calibration relation has to 

be checked on its validity. The procedure for 

checking is as follows ! 

- inquire at the pump station once every year 

(preferably shortly after the winter closure 

period) whether overhaul of pump units has 

been performed since the previous calibration 

or check; 

- if one, or more units have been overhauled 

these units have to be re-calibrated. Always 

perform one measurement on a non-overhauled 

pump unit; 

- calculate the suction head and discharge of 

the overhauld pump units and the non-overhauled 

unit used for checking following steps 1 - 6; 

- check the discharge of the non-overhauled pump 

unit at the same suction head at the relation 

previously measured (fig. A 2-6, annex 2.6.1). 

To this purpose the two points determined 

during the previous calibration measurement 

are connected by a straight line and the dis

charge interpolated for the suction head of 

the measured discharge. If the difference 

between the measured and interpolated dis

charges is less than 5 X, the calibrations of 

the non-overhauled pump units can still be 

considered as reliable; 

- if the non-overhauled unit is still reliable: 

+ the calibration relation is still considered 

reliable if no overhaul has taken place. 

Indicate in this case on the table of re

sults and the graph with the calibration 

relation the date of checking 

+ the calibration relation has to be revised 

by replacing the measured data for the over

hauled pump unit(s) following steps 7-10; 

- if the non-overhauled unit is unreliable the 

measurements performed for checking and cali

brating the overhauled units have to be com

pleted (chapter 2.4.1) and the calculations 

proceed from step 1 through step 10. 

4.3.2. Calibration measurements data processing at 

open drains 

Four types of data are collected during the 

calibration measurements at open drains: current 

meter measurements, Hm measurements, float measure

ments and pendulum meter measurements. 

The float measurements have been treated in 

chapter 4,1.1.2 and the pendulum meter measurements 

in chapter 4.1.1.3. 

The total depth of the vertical measured from 

the boat can be calculated by adding the constant 

(- 0.20 m) distance between the suspended weight and 

the current meter to the depth reading taken from 

the counter on the reel: 

D - 0.01 D' + 0.2 (4-67) 

where: D - depth of the vertical in ra 

D' - counter reading in cm 

Due to the measurement procedures followed (see 

chapter 2.4.2) the equation for the discharge per 

unit width (4-63) valid for measurements at pump 

stations changes: 

q -(0.1 + 0.01 D'/7) v + 0.02 D'/7 I v. 
i-1 1 

for D' < 175 

and 

(4-68a) 

q - ( 0 . 1 + O.SdjJVj + ( 0 . 5 d j + 0 . 2 5 ) v 2 + l E v . 
i-3 

for D' > 175 (4-68b) 

Example 4-10, Calculation calibration relation of Hanut pump station (data from annex 2.6.1) 

Input Keys Output Comments 

2 . 05 
4 . 6 5 
2 . 76 
4 . 5 3 
1 .88 
5 . 1 3 
2 . 6 5 
4 . 7 0 
1.82 
5 . 3 6 
2 . 4 4 
4 . 8 2 

f B 
ENTER 

A 
ENTER 

A 
ENTER 

A 
ENTER 

A 
ENTER 

A 
ENTER 

A 
C 

+ 

+ 

t 

•f 

+ 

+ 

1 

2 

3 

4 

5 

6 

7 
0 . 6 3 
6 . 2 8 

- 0.63 

Enter programme card 'Curve fitting' 
Select linear regression 
AH unit 1 (low suction head) 
corresponding Q unit 1 
AH unit 1 (high suction head) 
corresponding Q unit 1 
AH unit 2 (low suction head) 
corresponding Q unit 2 
AH unit 2 (high suction head) 
corresponding Q unit 2 
AH unit 3 (low suction head) 
corresponding Q unit 3 
AH unit 3 (high suction head) 
corresponding Q unit 3 
correlation coefficient R 
y-axis intercept Q 0 

slope S - dQ/d (AH) 
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where: v « velocity at 0.2 m from the drain bottom 
-1 

d » length of the second depth interval in 
m (length between observation v and v.; 
see fig. 2-16) l 

n - number of velocity observations in the 
vertical 

If the total water depth of the vertical is less 

than 1.95 m (D' < 175) four velocity observations are 

performed at equal intervals of D'/3.5 cm with the 

first observation at 0.2 m from the bottom and the 

last observation at D'/7 cm from the water surface, 

and equation (4-68a) has to be used. If the total 

water depth in the vertical is more than 1.95 m 

(D' > 175) the number of velocity observations in 

the vertical may be 4 or more, taken at equal inter

vals of 0.50 m, with the last measurement at 0.25 cm 

from the water surface. Since the first measurement 

has been taken at 0.20 m from the drain bottom, the 

number of measurements n is given by: 

Int (0.5 D - 0.23) + 2 (4-69) 

where: Int ( ) » integer function, takes the integer 
quantity of the expression between 
brackets 

The length of the second interval follows from n 

and D: 

1 0.5 n + 0.55 (4-70) 

Due to the fact that the water depth is zero near the 

banks of the drain (in the approach channel at pump 

stations the water depth near the side walls has been 

considered equal to the water depth in the first re

spectively last interval) the factor 2/3 in equation 

(4-65) has to be multiplied with 1/2: 

Q - 1/3 (Woq, + Umqm) + 1/2 \ W (q • q ) (4-71) 
1=1 

where: W distance between first vertical and 
embankment (water depth - 0) in m 

q| - discharge per unit width through the 
first vertical m2.s~' 

w » distance between last vertical and em
bankment 

number of verticals measured 

W^ " distance between vertical 
tical i+1 

i and ver-

On the condition that the wetted cross-section 

changes regularly with depth (no sudden changes in 

roughness coefficient due to side banks overflow) and 

no back water effects do occur, the stage-.discharge 

relation has the following general form (LAMBIE,1978): 

a D (4-72) 

where: a - discharge coefficient 

D - water depth in m with respect to reference 
datum (depth at with Q is zero) 

b » discharge exponent 

Equation (4-72) can be established using the standard 

HP 97 programme 'Curve fitting'. Depending on the 

amount of hysteresis* more observations have to be 

performed to obtain a reliable stage-discharge rela

tion. 

Bacause the effects of hysteresis and of back

water effects on the stage-discharge relation cannot 

be distinguished when a limited amount of (D, Q) 

data pairs have been used for establishing the rela

tion (4-72), an increasing amount of calibration 

measurements is required when hysteresis is con

siderably. Using the correlation coefficient as a 

yard stick the following table can be tentatively 

used for the number of calibration measurements re

quired 

Number of 
calibrations 
required 

minimum 5 

5 < n < 10 

10 < n < 15 

15 < n < 20 

0. 

0. 

0, 

Correlation 
relation 
reliable 

R2 > 0.95 

,90 < R2 < 0.95 

.85 < R2 < 0.90 

,75 < R2 < 0.85 

coefficient 
relation 

unreliable 

R2 < 0.45 

R2 < 0.55 

R2 < 0.65 

R2 < 0.75 

Table 4-4. Required number of calibrations for 
open drains 

If backwater effects do invalidate the stage-discharge 

relation (4-72) the general formula for discharge has 

to be used: 

Q - A.v (4-73) 

2 
where: A » wetted cross-section in m 

v - average velocity in the cross-section 

The average velocity in equation (4-73) may be related 

to the average velocity in a reference vertical: 

v - a + b v (4-74) 
P 

where a and b are regression constants 

v « average (pendulum) velocity in a reference 
" vertical in m.s-' 

The complete calculation procedure for the cali

bration measurements at open drains measurement lo

cations is as follows: 

1. Calculate the water depth at the reference point, 

the wetted cross-sectional area, the discharge and 

the average float velocity from the float measure-

* Hysteresis is due to the fact that during a rising 
flood the slope of the flood wave front is signi
ficant steeper than the steady-state hydraulic 
gradient, and during recession the water slope is 
flatter. As a result the discharge on a rising 
stage is substantially higher than the discharge 
on the same, but falling, stage 
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Example 4-11. Calculation of current meter velocity at open drain locations 
The data used are the calibration of the Bahr Hadus drain 'Kubri Bahr Hadus' performed on 
08/11/81 (annex 1.7.5) 
The first page of the calculation sheets for these data is as follows: 

LOCATION : 'Kubri Bahr Hadus' 
DATE : 8/11/81 
WATERDEPTH : 3.71 

WING NR. 
RELATION 
TIME INTERVAL 

1-68838 
v - 0.262 n 
25.6 s 

0.006 

Distance from the left bank facing the bridge 

0 

(0. 
( 
( 
( 

1 + 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

)x 
)-
)x 
)x 

X 

X 

X 

X 

X 

X 

X 

X 

13 

(0 l+0.186*x 0.15+-
( 0.371* 
( 0.371 
( 0.371 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

* )x 0.18 -
)x 0.26 -
)x 0.24 -

X " 

X -

X -

X " 

X • 

X » 

X " 

X » 

(0.1 +0.075 )x 0.16-
(0.25+0.075 )x 0.21-

(0.1 +0.22)x 0.18 -
(0.25+0.22)x 0.26 -

0.295 

D -0 1.50 
.+++ 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.197 

)x 0 
)x 0 
x 0 
x 0 
X 

X 

X 

X 

X 

X 

28-
29-
30-
29-

-
-
« 
m 

-
m 

( 
( 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

)x 0.28 -
)x 0.29 -
x 0.34 -
x 0.33 -
x " 
x -
x -
x -
x -
X -

676 
2.60 

0.260 
800 

2.89 
- 0.277 

Distance from the left bank facing the bridge 

17 21 25 29 

(0. 
(0. 
( 
( 

1 +0. 
25+0. 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

175)x0.19 
175)x0.22 

)x0.18 
)x0.20 
xO.29 
x0.29 
X 

X 

X 

X 

X 

X 

(0. 
(0. 
( 
( 

1 +0. 
25+0. 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

21)x0.25= 
21)x0.26-

)x0.34-
)x0.32-

x0.34-
x0.35-
x -
X -

X -

X -

X -

X » 

.626 
2.80 

0.223 
0.872 

2.87 

(0.1 +0 
(0.25+0 
( 0.5 
( 0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

195) 
195) 

) 
) 

x 0.21 
x 0.28 
x 0.29 
x 0.31 
x 0.35 
x 0.38 
X 

X 

X 

X 

X 

X 

0.304 

+ — 
3.852 
2.84 

(0.1 +0. 
(0.25+0. 
( 0.5 
( 0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

19)x 0.31 
19)x 0.31 

)x 0.19 
)x 0.16 
x 0.21 
x 0.20 
x 
X 

X 

X 

X 

X 

- 0.300 
0.606 

2.83 
0.214 

** 
*** 
+ 
++ 
+++ 
x 

0.01 D'/7 - 1.3/7 - 0.186 
0.02 D'/7 - 2.6/7 - 0.371 
D - 0; v - 0, this is the boundary of side bank with water surface 
v - 0.262 n + 0.06 - 0.262 (14/25.6) + 0.06 « 0.15 
q - EAdv - 0.295 mZ.s"' 
D - 0.01 D' + 0.2 - 0.01 x 1.30 + 0.2 - 1.50 
0.5 d,- 0.5 (D - 0.5 n + 0.55) - 0.5 (2.60 - 0.5 x 6 + 0.55) - 0.075 

Example 4-12. Calculation of discharge from current meter measurements at open drains 

The data used are the calibration of 'Kubri Bahr Hadus', performed on 08/11/81 (annex 1.75 and 

example 4-11) 
The calculation sheet is as follows: 

LOCATION ! 
OBSERVATION DATE: 
WATER DEPTH : 

Kubri Bahr Hadus 
7/11/81 
D - 3.71 

1/3 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.295 

O.S x 
0.5 x 
0.5 x 
0.5 x 
1/3 x 3 

(0. 
(0. 
(0. 
(0. 
(0. 
(0. 
(0. 
(1. 
(0. 
(0. 
(0. 
(0. 
(0. 
(0. 
(0. 

x (0. 
x 
x 

X 
X 

295 
676 
800 
626 
872 
852 
606 
018 
763 
233 
207 
978 
979 
410 
464 
172 

676) 
800) 
626) 
872) 
852) 
606) 
018) 
763) 
233) 
207) 
978) 
,979) 
,410) 
,464) 
172) 
035) 

0.035 

0.295 
1.942 
2.952 
2.852 
2.996 

.448 

.024 

.248 

.562 

.992 

.880 
2.370 
3.914 
2.778 
1.784 
1.272 
0.104 

- 0.035 

Comments 

Û.Q - 1/3 Woq, 

AQ - 0.5 Wj (qj + q2) 

AQ - 0.5 W2 (q2 + q3) 

e t c . 

'16 

AQ 

1 m 

1/3 W17 q , 7 (m 17) 

39.61 
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merits. Calculate the water depth at the reference 

point and the average pendulum velocity at this 

point. Follow the instructions given in chapter 

4.1.1.2 for the float measurements and in chan

ter 4.1.1.3. for the pendulum measurements. 

2. Prepare the table of results (first calibration 

measurement only) and record the measurement date, 

observation time, water depth D, discharge calcu

lated with float method (Qf - A vf ) , wetted area A, 

average float velocity vf and average pendulum 

velocity v (see annex 2.7.3). 

3. Calculate the average water depth D, during the 

current meter observation period, and record the 

result in the table (annex 2.7.3). Calculate the 

corresponding wetted cross-sectional area of the 

routine measurement point, A, and record the re

sult (annex 2.7.3). 

4. Prepare the heading of the calculation sheets for 

average velocity in the vertical and record the 

name of the location, observation date, water 

depth at reference point, current meter wing 

number, wing relation and time interval (see 

example 4-11). In general, more than one sheet 

will be required. 

5. Calculate the depth of the interval (equation 

(4-67)) and record on the calculation sheet. In

clude the (not-measured) verticals at the banks 

of the drain where D • 0 (see example 4-11). 

Calculate the velocity from the current meter 

observations (equation (4-58)) and record the 

results on the calculation sheets (see example 

4-11). Calculate and record the depth intervals 

for the calculation of discharge per unit width. 

Calculate the discharge per unit width for each 

vertical (equation (4-68)) and the average velo

city (equation (4-64)) and record the results on 

the calculation sheet (see example 4-11). 

6. Prepare graph's with the velocity profiles (fig. 

4-13). Indicate the vertical (distance from loca

tion with zero water depth)and record the average 

velocity calculated in step 5. Check (by eye) 

whether the calculated average velocity is correct 

and repeat the calculation in step 5 if necessary. 

Record on the graph's the name of the measurement 

location, the observation date and the average 

water depth at the reference point. 

7. Prepare the heading of the discharge calculation 

sheet. Record the name of the measurement location, 

the observation date and the water depth at refer

ence point (see example 4-12). 

8. Calculate the partial discharges through the sec

tions measured and calculate the total discharge 

(equation (4-71)). Record the results on the cal

culation sheet (see example 4-12). 

9. Calculate the average velocity in the routine 

programme measurement cross-section by di 

viding the discharge calculated from the cali

bration measurement by A. Record discharge and 

average velocity in the table of results (see -

annex 2.7.3). 

10. Prepare graph's with results: 

- a plot of D against Q (see fig. A 2-8,annex 

2.7.3) 

- a plot of v against v. (see fig. A 2-9, annex 

2.7.3) 

- a plot of v against v (see fig. A 2-10, annex 

2.7.4) 

11. If 5 or more calibrations have been performed the 

stage-discharge relation (4-72) can be deter

mined using the (D, Q) data pairs and the standard 

HP 97 programme 'Curve fitting'. See example 4-10 

for the operation of this programme and press fE 

instead of fB to select the power curve fit .option. 

Compare the correlation coefficient obtained with 

those presented in table 4-4. 

- If the calculated correlation coefficient indi

cates that the relation is reliable for the 

number of observations made perform the follow

ing activities: 

+ draw the calibration curve in fig. A 2-8 and 

record the expression of this relation on the 

graph including the correlation coefficient 

found; 

+ make a copy of this figure and transfer the 

copy to the department head for the duplicate 

file; 

+ record the calibration relation on the routine 

measurement calculation sheet. 

- If the calculated correlation coefficient indi

cates that the relation is unreliable for the 

number of observations made perform the follow

ing activities: 

+ establish the v - v relation (4-74) using 

the data pairs (v, v ) presented in the table 

of results (see annex 2.7.3) and using the 

standard HP 97 programme 'Curve fitting' with 

the linear regression line option (see example 

4-10); 

+ draw the relation in fig. A 2-10 (annex 2.7.3 

and record the expression for this relation 

on the graph including the correlation coeffi

cient; 

+ make a copy of both figs. A8 - 10 and A 2-10 

and transfer the copy to the department head 

for the duplicate file; 

+ record the relation (4-74) found on the rou

tine measurement calculation sheet as the 

calibration relation. 

49 



- If the calculated correlation coefficient indi

cates that the relation is not reliable and 

not unreliable for the number of observations 

performed, more observations have to be done 

(n has to be increased). 

12. (face the calibration relation (4-72) or (4-74) 

has been established on a yearly basis a cali

bration measurement has to be performed to check 

the validity of the relation. 

If the result of such a routine check, processed 

following the step 1 - 8 is seriously deviating 

from the relation in fig. A 2-8 or A2-10 (see 

annex 2.7.3), another measurement has to be per

formed. If also these results are deviating the 

calibration of the measurement location has to 

start from scratch and should be completed within 

a period of one year in order not to hamper the 

data presentation (treated in chapter 6 ) . 

If the results of the check measurement is not 

deviating, the data pair (D, Q) or (v, v ) col

lected can be included in the relation and the 

data processing procedure is complemented with 

the steps 9 - 1 1 . 

5. DATA CONSISTENCY ANALYSIS 

The purpose of the data consistency analysis is 

to check the processed data on reliability and con

sistency, to find empirical relations between certain 

quantities measured, and to correct unreliable and 

inconsistent data using these empirical relations. 

It must be realized that the correction of these data 

should be considered very carefully; when corrections 

are applied too liberally, the result may become more 

unreliable instead of more reliable. 

When measurements are made the results of the 

measurements normally deviate from reality. This may 

be due to one or more of the following types of error: 

random errors; systematic errors; and spurious er

rors. 

- Random errors are due to the limited reading accu

racy of the instruments that are used and/or the 

human beings performing the measurements. Random 

errors have the pleasant property to 'average out'. 

That is, if sufficient measurements are taken, the 

random error will disappear from the calculated 

average. When two measured parameters, that have 

a physical relationship, are plotted against each 

other random errors will cause a scatter of data 

points around the relationship. Although it is 

not possible to delete random errors from single 

measurements (except by taking several measure-

mqnts and calculating the average) by data con

sistency analysis it may be possible in some cases 

to delete a method of measurement by comparing the 

amount of scatter. This is the case when comparing 

the discharge calculated from float measurements 

with the discharge calculated from pendulum measure

ments. Comparison of both discharges with the 

measured stage (Q - h relationship) allows to 

choose the method with the least amount of scatter 

(i.e. with the lowest random errors). Which one of 

both methods is better, depends on the character

istics of the measuring point in question. In gen

eral, a deep and narrow wetted cross-section will 

favour the pendulum meter measurements and a shal

low and wide wetted cross-section will favour the 

float measurements. 

Irregularities in the open channel profile, both in 

the cross-section and in the flow direction, gen

erally will disqualify the pendulum measurements 

due to the measurement difficulties caused by 

these irregularities. 

- Systematic errors may be due to several reasons. 

Normally, they are inherent to the method of 

measurement used. Also a shift in the reference 

datum of a certain variable or a certain instrument 
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will cause a systematic error. Systematic errors 

cannot be reduced by performing more measurements 

and calculating the average. Systematic errors 

may be a constant, a shift, or a function of one 

or more related measurements: 

R » M * C (constant) 

R - M + C (shift) 

R - f (M, Mi) (function) 

where: R - real value of the quantity measured 

M - measurement 

C " constant 

Mi - measurement of other quantity Ri, 
related to R 

Removal of systematic errors can be done by the 

changing over to better methods for measuring or 

by correction. The correction to be applied can 

be found by comparing the method of measurement 

used with another, better, method. This is the 

case when calculating the correction to be applied 

for the float measurements. The relation of the 

current meter measurements with stage is divided 

by the relation of float measurements with stage 

resulting in a correction factor that is gener

ally also a function of stage. 

Another example of a systematic error correction, 

also stage dependent, is the correction for pump 

efficiency of the discharge at pump stations. 

- Spurious errors are errors caused by instrument 

failure and human mistakes.Spurious errors,gener

ally, invalidate the measurement performed.Date con

sistency analysis is specifically suited to detect 

this type of errors. Spurious errors have to be 

either completely removed, or be replaced by an esti

mate. Spurious errors may be caused by any of the 

following reasons: exchange of some or all of the 

discharge measurements between two stations; re

porting wrong resistance body type for pendulum 

meter measurements; wrong scale factor when per

forming an instrument reading; etc. 

In this chapter the methods developed for data 

consistency analysis for the fortnightly measure

ment programme will be treated and the ways to im

prove the data indicated. When applying the proce

dures presented, it is important to keep good track 

of the data and proper documentation of the calcu

lations performed is of atmost importance. The 

measurement points to be considered for data checking 

have to be analysed in a certain sequence (see annex 

4) proceeding from upstream to downstream direction 

per catchuent area. In this way the checked and 

corrected data of the upstream measurement point can 

serve as a base for comparison of the data of the 

downstream measurement point. 

The data consistency analyses have to be per

formed following the procedure given below, and ac

cording to the measurement point hierarchy given in 

annex 4: 

1. After calculation of all data of the observation 

year under consideration (including the data for 

the first observation date of the next year) the 

calculation sheets have to be copied and the 

copies tranferred to the department head for 

the duplicate file. 

2. For open drains where both float and pendulum 

measurements have been performed only: 

Check the pendulum constant C , used for the calcu-

P 

lation of discharge. This will be treated in chap

ter 5.1.1.1. 

If the new pendulum constant differs more than 

5 % from the old pendulum constant, the discharges 

have to be recalculated after considering the next 

step. 

3. For open drains only: 

Check the correction factor C' used for the calcu

lation of discharges. This will be treated in 

chapter 5.1.1.2. 

If the new factor C' differs more than 5 % from 

the old correction for the depth range of interest 

and/or if the new pendulum constant differs more 

than 5 % from the old pendulum constant the dis

charges have to be recalculated. 

4. For open drains only: 

Identify unreliable (Q, D) data pairs using the 

empirical stage discharge curve. This will be 

treated in chapter 5.1.2. 

5. For open drains (both measurement points) only: 

Identify unreliable water depth observation using 

the empirical double mass curves relating the 

water depth of different measurement points (see 

hierarchy in annex 4 ) . This will be treated in 

chapter 5.1.3. 

6. For all measurement points except irrigation 
* 

pump stations : 

Identify unreliable discharge observations using 

the empirical double mass curves relating the dis

charges of different measurement points (see hier

archy in annex 4 ) . This will be treated in chap

ter 5.1.3. 

7. For all measurement points except irrigation pump 

stations: 

Apply preliminary corrections to the D and/or Q 

* An irrigation pump station is defined in this con
text as a pump station pumping (part of) the 
drainage water discharging from the catchment 
area into an irrigation canal. 

51 



observations that have been identified as unreli

able. This will be treated in chapter 5.1.3. 

8. For all measurement points: 

Identify unreliable EC measurements on the basis 

of consistency with the chemical analysis using 

the HP 97 programme 'Water Quality Processing' 

This has been treated in chapter 4.2. 

9. For all measurement points: 

Identify unreliable (HC, Na) data pairs using the 

empirical relation between EC and Na-concentra-

tion. This will be treated in chapter 5.2. 

10. For all measurement points: 

Identify unreliable (EC, CI) data pairs using 

the empirical relation between EC and Cl-concen-

tration. This will be treated in chapter 5.2. 

11. For all measurement points: 

Apply preliminary corrections to the EC, Na-

and/or Cl-concentrations that have been identified 

as unreliable. This will be treated in chapter 

5.2. 

12. For all measurement points: 

Check the preliminary corrections applied to the 

unreliable EC values using the empirical double 

mass curve relating the EC of different measure

ment points (see hierarchy in annex 4). This will 

be treated in chapter 5.3. 

13. For alle measurement points, except irrigation 

pump stations: 

Check the corrections previously applied to the 

unreliable D, Q, Na-, and Cl-concentration values 

using the empirical double mess curves relating 

the Na load and the CI load of different measure

ment points (see hierarchy in annex 4). 

If one, or both of the measurement points is an 

irrigation pump station the empirical relation 

between the Na-concentration and the Cl-concen

tration of different measurement points has to 

be used instead. In this case the correction of 

discharges cannot be performed. This matter will 

be treated in chapter 5.3. 

5.1. Water quantity consistency analysis 

' This chapter is subdivided into three seperate 

parts. In the first part the choice between the cal

culation of discharges using the float measurements 

or using the pendulum measurements will be treated, 

based on the amount of random error associated with 

both methods. In the second part the identification 

of unreliable data will be treated and in the third 

part the preliminary correction of these data. 

5.1.1. Random and systematic error 

Minimizing the random error in the discharge 

measurements in open drains where both float measure

ments and pendulum measurements have been performed 

and determination of the systematic error in the 

discharge measured according to the fortniehtlv 

routine programme by comparison with the calibration 

measurements will be treated here. 

5.1.1.1. Float-2endulum_relation 

The relation between the average 'float' velo

city and the average 'pendulum' velocity has been 

formulated in chapter 4 (equation(4-33)): 

v- - c v 
f p p 

(5-1) 

-1 . where: v. « average velocity in m.s in the routine 
measurement cross-section, based on float 
measurements (eq. 4-11) 

c " pendulum constant 
- P . . i 

v - average velocity in m.s- 1 at the routine 
" measurement reference point, based on 

pendulum meter measurements (eq. 4-23 
'4-31 or 4-32) 

The general equation for the stage discharge 

relation has been given in chapter 4.3 (equation 4-72): 

Q - a D b (5-2) 

3 -1 where: Q - discharge in m .s 

a - discharge coefficient 

D - water depth in m with respect to reference 
datum 

b - discharge exponent 

The coefficients a en b can be found by re

gression analysis if a number of (Q,D) data pairs are 

known. Using the discharges calculated from the float 

measurements as input the results of the regression 

analysis is: 

bf 7 
Qf - af D with correlation coefficient R f (5-2a) 

where Qf • discharge calculated from the float measure
ments in m3.s~l (equation 4-13) 

When using the discharges calculated from the pendulum 

meter measurements equation (5-2a) changes: 

bn 7 
Qp » ap D p with correlation coefficient R p (5-2b) 

3 -1 where Qp - discharge in a ,• calculated from the 
pendulum meter observations (equation 4-34) 

2 2 
The correlation coefficients R f and R p are measures 

for the 'goodness of fit' of the relations (5-2a) and 

(5-2b) to the data pairs .(Qf,D) a n d (Qp,D) used for 

establishing the relations. More specific, the corre

lation coefficient gives the ratio between the ex

plained variation and the total variation (M;R. SPIE

GEL, 1961): 
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R2 . E(Qest - Q) ( 5 _ 3 ) 

Z(Q - Q ) 

where: Qest • discharge estimated with the relation 
established (equation 5-2a or 5-2b) 

Q « average discharge of all observations 
used for establishing the relation 

Q » measured discahrge 

2 

It follows from the definition of R that the measure

ment method the smallest random error will show a 

higher correlation coefficient (less scatter of the 

data pairs (Q, D) around the relation found). 

The complete procedure for selection of the 

best-fit measurement method is as follows: for open 

drains where both float measurements and pendulum 

measurements have been performed): 

1. Make a plot of v„ against v using the data from 

the calculation sheet (see fig. 5-1). 

2. Identify data pairs (vf> v ) that are far out

side the swarm of points in this plot (see fig. 

5-2). 

Check the calculations for these unreliable points. 

If the calculations have been performed correctly, 

repeat the calculations using a different re

sistance body type. If this checking and re

calculation do not bring the unreliable point 

well inside the cluster of points (see fig. 5-2), 

remove the pendulum meter results from the calcu

lation sheet and do not consider the point for 

the following steps. 

3. Calculate the average float velocity and the av

erage pendulum velocity using all measurement's 

during the observation year for the dates on which 

both the float and pendulum measurements have 

been performed, and have been considered reliable 

or have been corrected (step 2 ) . See example 5-1. 

Use 3 digits behind the decimal point for the 

velocities. 

4. Calculate the pendulum constant c - v„/v by 
p f p 

dividing the average float velocity by the aver

age pendulum velocity found. Use 3 digits behind 

the decimal point. 

5. Draw the relation (v„ - c v ) in the figure 
f p p 

(see fig. 5-3), record the c value on the graph 

and decide on additional unreliable points. Only 

points that are far outside the cluster of data 

points may be considered unreliable and removed 

or corrected. If so, repeat steps 2 - 4 for these 

points. 

6. Check the pendulum constant against the pendulum 

constant found during last year. If the deviation 

is more than 5 % the new constant is recorded on 

the calculation sheet (c (new)/c (old) < 0.95 
P P 

or c (new)/c (old) > 1.05). 
P P 

7. Prepare a list of water depth D, discharge calcu

lated from the float measurements Q, » c' v„ A 

and discharge calculated from the pendulum measure

ments Op - c c' v A for the measurement dates on 
p D p 

which both float and pendulum measurements have 

been performed that have been considered as reli

able or have been corrected (see example 5-1). 
2 

8. Calculate the correlation coefficients R f and 

2 

R p using the (D,Q_) and (D,Q ) data pairs respec

tively and the standard HP programme 'Curve fit

ting' with the power curve option (press f E ) . 

See example (5-1). 

The method with the highest correlation coeffi

cient can be considered as the more reliable 

method (least amount of scatter). If the corre

lation coefficients are equal (2 digits behind 

the decimal point) the method used for the pre

vious year's calculations should be chosen. 

9. If the float method has been chosen as the more 

reliable method (less random error) the c con-
P 

stant recorded on the calculation sheet (step 6) 
has to be removed. 

5.1.1.2. Routine measurement_-_calibration_measure; 

ment_relation 

By comparison of the discharges calculated from 

the routine measurements with the discharge measured 

with the current meter the systematic error in the 

routine measurements can be eliminated, or at least 

be reduced. The comparison between both methods is 

done by comparing the stage discharge relations (eq. 

5-2) : 

Q R - a D for R > 0.50 (5-4a) 

for the routine measurements, 

where: Q " routine discharges, calculated from the 
float measurements, pendulum measurements, 
or a combination of both 

and 

be 2 
Q - a D for R > 0.50 and n > 3 (5-4b) Hc c 

for the calibration measurements 

where Q • calibrated discharges 

a, a , b, b » regression constants 
c c 

n " number of observations 

The restriction for the correlation coefficient 
2 

(R > 0.50) in both equations (5-4a) and (5-4b) has 

been made in order to prevent data analyses based on 
2 

meaningless relations. If R < 0.50, less then 50 Z 

of the variation in discharge is explained by the 

stage discharge relation, which invalidates its use. 

2 

If this is true (R < 0.50) for the calibration measu

rements the conclusion must be that there is no proven 
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Example 5-1. Calculations float - p e n d u l u m relation 

The float - p e n d u l u m relation of FB 0 3 , Batts drain at Furgus w i l l be treated h e r e , following the procedures 

given above. The data used are taken from annex 2 . 1 . 2 . 

Step 1. Make a plot of v f against v , using the data of the calculation sheet of KB 03 (annex 2 . 1 . 2 ) : 

see figure 5-1. 

Vf (m s"1] 

0 50r 

025 

J L 
0.25 050 0.75 1.00 1.25_ 1.50 

V p Im.s"') 

0 50,-

0 25 

0.25 0.50 0.75 1.00 1.25 1.50 
Vp (m.s-'l 

Fig. 5-1. FB 0 3 , v , - v plot F i e . 5-2. v , - v plot; correction of v data 6 f P r P 

The 
for 

Step 2. Identify unreliable data points: see fig. 5-2. 

data of 04/04/80 and 17/01/81 are found outside the_data_swarm in fig. 5-1. The measurement date 
these two points is written near the points in the v j - v p plot (see fig. 5 - 2 ) . 

Recalculation of v p for 04/04/80 (data from annex 1.1.3) gives v - 1.353. Conclusion: calculation 
correct. 
Recalculation of Vf for 04/04/80 (data from annex 1.1.2) gives Vf - 0.470. Conclusion: calculation 
correct. 
Recalculation of v for_04/04/80 (data from annex 1.1.3) using resistance body type K instead of the 
reported type M gives: v p » 0.519. Replotting the point in the vf - v p plot (see fig. 5-2) results 
in a too low v value. Conclusion: most probably type K was not used. 
Recalculation bi v p for 04/04/80 (data from annex 1.1.3) using resistance body type I. instead of 
type K used in the previous calculation gives v_ » 0.942. Replotting the point in the vf - v plot 
(see fig. 5-2) results in a too high v p v alue. Conclusion: the measurement must be considères unreliable 
and has to be removed. The v value calculated and recorded on the calculation sheet is removed (see 
annex 3 . 1 ) . 
Recalculation of v p for 17/01/81 (data from annex 1.1.3) gives v p « 0.624. Conclusion: the calculations 
have not been performed correctly. Replace the reported value of v p (- 0.382) by the correct value 
07 p - 0 . 6 2 4 ) . Record the correct point in the v p - v f plot (see fig. 5 - 2 ) . 

Step 3. Calculate the average float velocity and average pendulum velocity (on HP 9 7 ) : 
3.1. press DSP, 3 to have 3 significant digits behind the decimal point; 
3.2. press f, CL REG to empty the registers used for the calculation of a v e r a g e s ; 
3.3. press f, P +.-*• S to e x p o s e the p r o t e c t e d r e g i s t e r s ; 
3.4. press f, CL REG to empty the registers used for the calculation of averages; 
3.5. press 0.409, 1+ - store v f of 18/04/80 (first date with reliable v and vf measurements;(see 

annex 2 . 1 . 2 ) ; 
3.6. repeat 3.5 with all v f values for succeeding dates ; press v f , 1+ excluding the measurement of 

02/06/80 (no pendulum m e a s u r e m e n t s ) ; 
3.7. after e n t e r i n g all v j values (annex 2.1.2) press f, x and vf - 0.371 is displayed; 
3.8. repeat steps 3.2 - 3.7 for the v values of annex 2.1.2. and v - 0.589 is displayed. 

Step 4. Calculate Cp (on HP 9 7 ) ^ 
press 0.371, ENTER t - v f 

press 0.589, 
display Cp - 0.630 

Step 5. Draw the relation v . 0.630 vp in the v f 

plot (see fig. 5-3) 

For drawing a straight line two points must be 
known: 
- the point (0.0) is k n o w n 
- the point (0.75, 0.472) can be calculated with 

the HP 97: 
press 0.75 ENTER +, 0.630, x displays 0.472. 

Plot the point (0.75, 0.472) in the figure (see 
fig. 5-3) and draw a straight line through this 
point and through the origin. 
Record C » 0.630 on the graph. 

050 r-

025 -

Fig. 5-3. Float - pendulum relation 

Step 6. Check new pendulum constant against pendulum constant of the previous year. 

Since 1980 has been the first observation year this cannot be done. Record C » 0.630 on the calculation 

sheet (see annex 3.1). 
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Step 7. Prepare a list of water depth, Qf and Q 
The water depth, D, is taken from annex 2.1.2. 
The float dischargé, Qf, is calculated from yf and A data given in annex 2.1.2: Qf - vf A (c'D - 1) 
The pendulum discharge,Q_,is calculated from v_, Cp and A data given in annex 2.1.2:Qp • C v A (c'n- 1) 
The following list results: ^ ^ 

1.08 1.11 1.03 0.94 0.86 1.02 1.38 1.22 0.91 1.12 1.21 1.16 

If 
Qp 

3.26 

3.08 

3.69 

3.59 

3.32 

3.53 

2.76 

2.43 

2.17 

2.06 

2.50 

2.47 

3.40 

3.89 

2.69 

2.79 

2.08 

2.05 

2.54 

2.47 

3.23 

3.45 

3.25 

3.40 

2 2 
Step 8. Calculate R f and R p and chose the more reliable method, using HP 97 programme 'Curve fitting'. 

8.1 Enter programme card 'Curve fitting' both sides; 
8.2 press f, E for selection power curve fit; 
8.3 press 1.08, ENTER , 3.26, A for storing the (D, Qf) data pairs; 
8.4 repeat step 8.3 until all (D, Qf) data pairs have been entered; 
8.5 press C for calculation. The calculator prints R̂  - 0.44 

a - 2.67 
b - 0.91 

8.6 repeat steps 8.2 - 8.5 for the (D, Q ) data pairs. The calculator prints R » 0.61 
p a - 2.60 

2 b " K 2 9 2 The correlation coefficient for the pendulum measurements:being higher(S. p - 0.61 against R f • 0.44) 
the pendulum measurements are selected for the calculation of discharges. 

2 2 
Step 9. Not relevant in this case (R p > R f) 

A summary of the data checking results based on the calculations of the float - pendulum relation for all 
open drainage measurement locations of annex 2 is given below: 

„„„ _ . Number of (v., v ) data pairs: 
Measurement f p 

poin t un r e l i ab l e d e l e t ed cor rec ted 
R2f 

More reliable 
method 

selected 
Remarks 

FB 03 
FB 04 
FB 05 
EB 07 
EB 08 
EH 11 
EH 13 

0.630 

0.673 
0.715 
0.949 

0.44 0.61 

0.01 0.01 
0.31 0.42 
0.15 0.31 

pendulum 
floats 

pendulum 

no pendulum measurements 

no float measurements 

relation between stage and discharge most probably due 

to disturbing backwater effects (the calibration measu

rements are performed with a high accuracy and relia

bility). If the correlation coefficient for the rou-
2 

tine measurements is low (R < 0.50) however, this 

may be due to the limited accuracy of the measurement 

methodology. This means that a relatively high amount 

of scatter (random error) is superimposed on the data 

used for establishing the relation. A method to sup

press this scatter is the moving average analysis. To 

this purpose the (D, Q) data pairs have to be arranged 

according to increasing water depth. Next, for every 

D and Q value the average of n values is calculated 

using (n-l)/2 preceding and (n-l)/2 succeeding values. 

The moving average of 5 measurements M can than be 

formulated: 

i+2 
a u . - E M 

5 X n-i-2 n 
for 2 < i < m-1 (5-5) 

where: M, » moving average for 5 values 

i • hierarchy number (i measurement) 

M n measurement 

m « number of measurement considered 

Equation (5-5) cannot be applied for the first two 

measurements and for the last two measurements: ' 

(5-5a) <Vi M. for 1 and i=m 

(M ). - (M. +M.+M.+1)/3 for i-2 and i-m-1 (5-5b) 

When using the moving average date pairs (D,, Q ) for 

establishing relation (5-4a) a higher correlation 

coefficient may result and, if so, the relation will 

be more reliable. A standard HP 97 programme 'Moving 

average' is available for the calculation of D. and 

(L (see example 5-2). 

The correction coefficient for the systematic error 

in the routine measurements can be found by dividing 

equation (5-4b) by (5-4a): 

a b -b 

a for n > 3 (5-6) 

where: c « correction coefficient for systematic 
error 
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a » discharge coefficient calibration 
relation (5-4b) 

a « discharge coefficient routine relation 
(5-4a) 

b » discharge exponent calibration relation 
c (5-4b) 

b • discharge exponent routine relation 
(5-4a) 

n " number of calibration measurements 

Generally the routine measurement discharges have 

been calculated using a correction factor for syste

matic error based on the results of the previous 

observation year (equation 4-12): 

c' - a + b D D0 o o (5-7) 

where c' » correction factor used for calculation of 
discharges (equation 4-13 or 4-34) 

a and b + regression coefficients 

The total correction factor can be obtained by multi

plying equations (5-6) and (5-7): 

a a b -b b a b +l-b /c .. 
c . -2-1 D c + _p_ç D c (5-8) 

Dt a a 

Equation (5-8) generally can be approximated by a 

linear equation for the depth range of interest: 

c' - a' + b' D (5-9) 

where c' * new approximated correction coefficient 
for systematic error 

a' and b' are regression coefficients 

If less than 3 calibration measurements have been 

performed equation (5-4b) is not valid, and the 

correction coefficient for systematic error is given 

by the expression: 

CD * \ <5c»5c 
for n < 3 (5-6a) 

where: QR(D ) - discharge calculated with equation 
(5-4a) for water depth D 

D - average water depth for the calibra
tion measurements (1 or 2) performed 

Q • average of the calibrated discharges 

In this case the correction factor used for the calcu

lation of discharges must be a constant: 

c' - a for n < 3) (5-7a) 
1*0 o 

and the total new correction factor is given by: 

D " aocD 
for n < 3 (5-9a) 

The complete procedure for the correction of discharges 

for systematic error at open drains is as follows 

(see also example 5-2): 

1. Prepare a list of (D,QR) data pairs and (D, Q^) 

5R ..„.». „£ .p 

ments, depending on the best fit, but include the 

less reliable values for the observation dates for 

which the best fit method measurements have not 

been performed. Use for Q measurements the newly 

calculated c factor (see chapter 5.1.1.1). 

2. Prepare a plot of (D, Q ) measurements (see fig. 
K 

5-4) and identify and label unreliable (D, Q ) 
R 

data pairs that are obviously outside the swarm 

of data pairs. These points will be excluded 

from the analysis. 

3. Exclude the unreliable (D, Q )data pairs and es-
K 

tablish a power curve through the remaining (D, Q„) 
K 

data (eq. 5-4a) using the HP 97 standard programme 
2 

'Curve fitting'. If the correlation coefficient R 
is greater than 0.50, step 4 - 6 should be skipped. 

2 
4. If the correlation coefficient R < 0.50 only: 

prepare a list of (D, Q ) data pairs according to 
K 

increasing water depth D. (see example 5-2). If a 

certain water depth is occuring several times, 

these data pairs with the same water depth have to 

be listed according to increasing discharge. 

5. Calculate the moving average with n»5 according 

to equation (5-5) using the standard HP 97 pro

gramme 'Moving Average' (see example 5-2). 

6. Calculate the power curve (eq. 5-4a) using the 

moving averages D, and Q_ calculated in step 5. 

If the correlation coefficient is still less than 

0.50 one has to conclude that there is no stage-

discharge relation. 

7. Calculate the power curve (eq. 5-4b) using the 

(Q , D) data pairs from the calibration measure

ments if more than two calibrations have been 

performed. If the correlation coefficient of this 

relation is less than 0.50 one has to conclude 

that there is no stage - discharge relation. 

If only 1 or 2 calibrations have been performed 

this relation cannot be established. 

8. Calculate the new c coefficient (equation 5-6 or 

5-6a) and check the value of this coefficient for 

the depth range of interest. If 0.95 < c < 1.05 

for either the lowest depth or the highest depth 

measured during the observation year the old c' 

value can still be considered correct and the 

next steps of this procedure can be skipped. 

9. If the calculated c coefficient is less than 0.95 

or greater than 1.05 for the depth range of in

terest it has to be multiplied with the c' coef

ficient used for the calculation of discharges 

(equation 5-8). 
10. Plot the c coefficient in a graph (see fig. 5-5) 

c 
data pairs. Take for Q either Q. or Q measure-

for the depth range of interest and use 5 to 10 

(D, c ) data pairs for the linear approximation 

(5-9) by using the linear regression option (press 
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Example 5-2. Calculations correction for systematic error 

The correction for systematic error in discharge determination of EB 0 7 , Bahr Bagar drain at 'Kubri Saud' will 
be treated here, following the procedures given above. The data used are taken from annex 2.4.2. and from 
example 5-1 and the results are given in annex 3. 

Step 1. Prepare a list of (D, Q) data pairs (see table 5 - 1 ) ; data from annex 2.A.2. 

Step 2. Prepare a plot of D, Q R data pairs and identify unreliable points. The point (2.81, 43.78) is found 
outside the data swarm in fig. 5-4 (measurement of 20/04/80) 

D 

3.27 
3.04 
2.92 
2.74 
3.05 
2.96 
2.91 
2.84 
2.81 
2.81 
2.88 
2.90 
2.86 
2.88 
2.95 
3.08 
3.22 
3.18 
3.09 
3.04 
3.10 
3.07 
3.32 
3.03 

C** 3.18 
C 3.24 
C 3.07 

* 
% 

44.48 
36.20 
29.63 
30.21 
42.14 
41.20 
27.23 
37.37 
43.78+ 

32.65 
26.80 
33.61 
39.38 
39.74 
35.84 
38.46 
36.62 
39.76 
28.95 
44.03 
31.39 
30.17 
40.05 
30.43 

37.24 
33.46 
28.47 

*** 
D 

"T. '74~ 
2.81 
2.84 
2.86 
2.88 
2.88 
2.90 
2.91 
2.92 
2.95 
2.96 
3.03 
3.04 
3.04 
3.05 
3.07 
3.08 
3.09 
3.10 
3.18 
3.22 
3.27 
3.32 

\ 

"30.21" 
32,65 
37.37 
39.38 
26.80 
39.74 
33.61 
27.23 
39.63 
35.84 
41.20 
30.43 
36.20 
44.03 
42.14 
30.17 
38.46 
28.95 
31.39 
39.76 
36.62 
44.48 
40.05 

5 5 

2.74 
2.80 
2.83 
2.85 
2.87 
2.89 
2.90 
2.91 
2.93 
2.95 
2.98 
3.00 
3.02 
3.05 
3.06 
3.07 
3.08 
3.10 
3.13 
3.17 
3.22 
3.27 
3.32 

^R5 

30.21 
33.41 
33.28 
35.19 
35.38 
33.35 
33.40 
35.21 
35.50 
34.87 
36.66 
37.54 
38.80 
36.59 
38.20 
36.75 
34.22 
33.75 
35.04 
36.24 
38.46 
40.38 
40.05 

aim's1) 
501-

40 

30 

-

* - the Q f has been taken because R f » R p - 0.01 

** » this are calibration measurements 

*** » arranged according to increasing water depth 

+ » this point was found unreliable in fig. 5-4 

for outside data swarm) and has therefore 

not been included in the next columns 

Table 5-1. EB 07 List of .(D,q) data pairs and moving 
averages 

20 25 3.0 3,5 
Dim) 

Fig. 5-4. EB 07, D-Q_ plot 
K 

Step 3. Power curve fit of remaining data: Q - 10.92 D1'08 R2 » 0.13 
The correlation coefficient is less than 0.50. 

Step 4. Prepare a list of (D, Q ) data pairs according to increasing water depth; see column 3 and 4 of 
table 5-1. 

Step 5. Calculate moving average of D and Q: see column 5 and_6 of table 5-1. 
The following steps have to be taken for calculating D_: 

- 2.74 (D,)] » D. (equation 5-5a) 
- enter programme 'moving average' 
- 5 press f A; gives the number of data used for the moving average calculation 
- 2.74 press A; D ) 
- 2.81 press A; "2 
- 2.84 press A; D3 

press E , displays 2.80; ( D . ) , , using 3 D values (equation 5-5b) 
- 2.86 press A; D4 
- 2.88 press A , dispalys 2.83; (05)3 
- 2.88 press A ; displays 2.85; (05)4 

etc. 
After entering all D values two D_ values for i=m and i»m-l still have to be calculated-
(D5>m - D m - 3.32 5 

<05)m-i.- (Dm-2 + Vt + D m ) / 3 *( 3'2 2 + 3-2 7 * 3.32)/3 - 3.27 
The moving averages of discharge are calculated in a similar manner. 
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Step 6. Power curve fit of moving average data:Q » 11.37 D ' R 0.59 

Step 7. Power curve fit of calibration measurement data: Q » 0.52 D R • 0.53 

Step 8. Calculate the new c_ coefficient: 
a - 0.52/11.37 -0.0557 and b - 3.60 - 1.04 - 2.56 (equation 5-6) 
For D - 2.7 m cD - 0.0457 (2.7) 2 - 5 6 - 0.581 
The correction factor is smaller than 0.95 for one point in the depth range of interest and thus has 
to be applied. 

Step 9. The old c' coefficient was ussumed 1, since 1980 was the first year of observation. 
Therefore: 

Dt 
0.0457 D 2 - 5 6 (equation 5-8) 

Step 10.Plot the cDt coefficient (see figure 5-5). 
The depth range of interest is for D values between 2.7 and 3.4 ra. 
Using the expression for cut the following (D, cpt) pairs can be calculated: 

Dt 

2.7 

0.581 

2.8 

0.638 

2.9 

0.698 

3.0 

0.761 

3.1 

0.828 

3.2 

0.898 

3.3 

0.971 

3.4 

1.048 

Linear regression: c' 1.23 + 0.667 D R 0.998 

Step ll.Record c'p on calculation sheet (annex 3.4) 
Recalculate all discharges using the new 
c'n coefficient 

This can easily be done on the HP 97 by the 
following activities: 

D press E; c'0 
A x ; C 'D X A 
v { x ; Q - c'D x vf x A 

The results are given in annex 3.4 

Fig. 5-5. EB 07, correction factor c' for systematic 
error 

A summary of the data checking results based on the calculations of the correction for systematic error for all 
open drainage measurement locations of annex 2 is given below: 

Measurement 
point 

FB 03 
FB 04 
FB 05 
EB 07 
EB 08 
EH 11 
EH 13 *** 

Number of 
unreliable 

points 

0 
0 
1 
1 
1 
1 
-

Correlation 

QR data (QR 

0.89 

* 
0.94 
0.13 
0.39 
0.48 

-

. . 2 
coefficient R 

) . data Q data 
5 c 

-
-
-

0.59 
0.84 
0.70 

-

-
-

0.93 
0.53 
0.81 

-
-

a 

0.879 

-
1.56 

-1.23 
-0.93 

0.437 

-

C'D 

b 

_ 
-

-0.472 
0.667 
0.598 

-
-

0 
0 
0 

R2 

-
-
95 
998 
997 
-
-

2 calibrations 
1 calibration ** 

2 calibrations 
no Q - D relation 

R - 0.95 for the period until august 1980 ) .... . . « „ , . . . ,. u « j « i. -u • .. 
R2 - 0.99 for the period after august 1980 ) d l f f e " n t Q - D relations have been found for both periods 

The calibration measurement is outside the range of normal depths for the routine measurements 
and the calculation of a correction factor is therefore not justified 

For the Bahr Hadus drain at 'Outfall' a different approach has been used. 
In annex 2.8.1 the discharge data of 1979, 1981 and 1982 have been included, because only a limited number 
of measurements have been made during 1980. 
Looking at the water depth observations it appears that the water depth at reference point is rather con
stant (2.3 meter) except during the winter closure period (februari: D - 2.2 meter). Only for one date 
(06/08/1980) both a calibration measurement and pendulum measurements have been performed. Assuming the 
wetted cross-section to be constant, a direct relation between the average pendulum velocity and the 
discharge may' be expected. Based on the measurement of 06/08/1980 this relation is : Q - 247 v . 
Using this relation the discharges for the other dates for which pendulum meter measurements have been 
performed have been calculated (see annex 3.7). 
For the data checking procedures it will be necessary to have discharge data and water quality data for 
the same observation dates. Therefore, in annex 3.7 the discharges calculated from the pendulum measure
ments and calibration measurements have been linearly interpolated to the dates of waterquality observa
tions. The procedures to be followed for linear interpolation will be treated in chapter 6. 
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f B) of the Standard HP 97 programme 'Curve fit

ting'. 

11. Record the c' coefficient on the calculation 

sheet and recalculate all discharges using the 

new c and c' correction factors. Record these 
p D . , • 

discharges on the calculation sheets, replacing 
the original figures (see annex 3). 

5.1.2. Stage - discharge relation 

Considering the stage - discharge relation of 

eq. (5-4) based on the routine measurements and on 

the calibration measurements, unreliable (D, QR) 

data pairs can be identified by considering the frac

tional difference between the discharge estimated 

with equation (5-4) for the measured water depth and 

the measured discharge: 

AQ (5-10) 

where: AQ • fractional deviation in discharge 

Q - estimated discharge with (equation 5-4) 

Q » measured discharge 

The data point in question can be considered unreli

able if |AQj > 0.20 

The procedure for the detection of unreliable 

points using the stage - discharge relation is as 

follows (see also example 5-3): 

1. Prepare a list of the depths measured and the dis

charges calculated after correction for the sys

tematic error. Include the calibration points at 

the bottom of this list. Include also the date of 

observation. 

2. Prepare a plot of all points on the list (see 

fig. 5-6), Plot discharge against water depth and 

identify (D, Q) data pairs that are outside the 

normal range. Mark these data points on the plot 

and on the list. 

3. Establish the stage - discharge relation through 

the remaining (D, Q) data pairs including the ca

libration measurements using the HP 97 standard 

'Curve fitting' programme with the power curve 

option (press f E). Draw the relation in the D-Q 

plot (see fig. 5-7). 

4. Check the reference datum for water depth. If the 

calculated stage - discharge relation is obviously 

much flatter or much steeper than the plotted (D,Q) 

data the reference datum for water depth has to be 

Example 5-3. Identification unreliable discharge measurements using the stage - discharge relation 

The detection of unreliable measurements of EB 07, Bahr Baqar drain at 'Kubri Saud' will be treated here accor

ding to the procedures given above. The data used are taken from annex 3.4 and examples 5-1 and 5-^. 

Step 1..Prepare a list of observations, corrected for systematic error. See table 5-2. 

Step 2. Prepare a plot of these (D,QB) and(D,Q ) data pairs. See fig. 5-6. Identify and mark (number) unreliable 
data pairs that are far outside the range of normal data scatter. Result: no points (fig. 5-6). 

_ • 0 g measurements 

Date 

20/12/79 
06/01/80 
27/01/80 
10/02/80 
25/02/80 
09/03/80 
23/02/80 
13/04/80 
20/04/80 
04/05/80 
26/05/80 
03/06/80 
15/06/80 
29/06/80 
16/07/80 
31/07/80 
18/08/80 
22/09/80 
04/10/80 
27/10/80 
11/11/80 
24/11/80 
07/12/80 
25/12/80 
07/01/80 

CAL 
CAL 
CAL 

Depth 

3.27 
3.04 
2.92 
2.74 
3.05 
2.96 
2.91 
2.84 
2.81 
2.81 
2.88 
2.90 
2.86 
2.88 
2.95 
3.08 

-
3.22 
3.18 
3.09 
3.04 
3.10 
3.07 
3.32 
3.03 
3.18 
3.24 
3.07 

QR 

42.26 
28.82 
28.40 
18.00 
33.81 
30.59 
19.33 
24.79 
28.12 
20.98 
18.47 
23.60 
26.60 
27.38 
26.35 
31.67 

-
33.52 
35.40 
24.05 
35.07 
26.23 
24.66 
39.40 
24.02 
37.24 
33.46 
28.47 

t.-QR 

QR 
-0.13 

0.00 
-0.12 
0.13 

-0.14 
-0.14 

0.28 
-0.08 
-0.22 
0.05 
0.30 
0.04 

-0.12 
-0.12 
-0.01 
-0.05 

0.04 
-0.06 

0.26 
-0.18 

0.17 
0.20 

-0.02 
0.18 

Point 
identi

fication 

1 

2 

3 

4 

5 

Table 5-2. EB 07, list of(D,QR) data pairs and iden
tification unreliable measurements 

Fig. 

Fig. 

' 2.25 250 2.75 3.00 125 
0 (m) 

5-6. EB 07, D-QR plot after correction for 
systematic error 

5 0 r 

,3.36 

to 

• 0 R . 0 6 > 7 0 J 

identification unreliable 
measurement 

125 
D I m ! 

5-7. EB 07, stage - discharge relation and 
unreliable data points 
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Step 3. Establish the stage - discharge relation using the HP 97 programme power curve fit: 

Q R - 0.687 D 3 - 3 6 R2 - 0.59 

Draw the relation in the D - QR plot of fig. 5-6 (see fig. 5-7). Points of the relation can be calculated 
with the HP 97 by performing the following steps: 

D press E displays Q 

In this case (see fig. 5-7) 
enter 2 press E displays 7.04 
enter 2.25 press E displays 10.46 
enter 2.5 press E displays 14.90 

etc. 
Using a french curve the relation is drafted, through these calculated points (fig. 5-7). 

Step 4. Check the reference datura for water depth. Result: no problem (see fig. 5-7). 

Step 5. No relevant in this case. 

Step 6. Calculate the fractional discharge difference (see teble 5-2). 
Starting with the measurement of 20/12/79: 
enter D - 3.27; press E displays <3R - 36.71; enter QR » 42.26; press - displays - 5.55; enter 42.26; 
press i displays - 0.13 
enter 3.04; press E displays 28.74; enter 28.82; press - displays - 0.08; enter 28.82; press * displays 
-2.8 x 10-3 
enter 2.92; press E displays 25.10; enter 28.40; press - displays - 3.30; enter 28.40; press * displays 
- 0.12 
etc. 

SR " QR 
Step 7. Label the unreliable points ( —pj > 0.20) in the list and in the plot (see table 5-2 and fig. 5-7) 

Result: the discharge measurements of 23/03/80, (point 1); 20/04/80 (point 2); 26/05/80 (point 3); 
27/10/80 (point 4); and 07/12/80 (point 5) are considered unreliable. 

A summary of the identification of unreliable discharge measurements using the stage - discharge relation for 
all open drainage measurement locations of annex 3 is given below 

Measurement 
point 

FB 
FB 

03 
04 

_ M _ 

FB 
EB 
EB 
EH 
EH 

05 
07 
08 
11 
13 

Number of 
unreliable 

points* 

Reference 
datum 

water depth 
(m) 

Discharge relation 

+0.20 
+0.20 
+0.15 

Number of 
unreliable 

points ,„ 
Q-D relation 

Remarks 

2.13 
6.97 
3.28 
5.27 
0.687 
0.328 
0.0456 

1.63 
2.26 
1.94 
1.44 
3.36 
4.14 
4.94 

0.91 
0.95 
0.99 
0.91 
0.59 
0.77 
0.53 

5 
4 

6 
5 
3 

10 

until august 1980 
after august 1980 

no stage - discharge relation 

* unreliable points that are outside the normal range of data scatter 
** unreliable points based on the fractional discharge difference 

adjusted. This is the case for the measurement 

points FB 04 and FB 05. In both cases a re-exam

ination of the measured downstream cross-section 

shows that the reference point does not give the 

maximum depth in the downstream cross-section and 

adjustments of respectively 0.20 and 0.15 m are 

necessary. 

5. After adjustment of the reference water depth 

repeat step 3. The correlation coefficient should 

be higher now. 

6. Calculate the fractional discharge difference: 

- enter D in HP 97 (measured water depth) 

- press E (calculates CD 

- enter Q, press — (calculates (C? - Q) 

- enter Q, press i (calculates ($ - Q)/Q 

Record AQ on the list (see example 5.3). 

7. Label the unreliable points on the list and in the 

plot with drafted relation (see fig. 5-7) by num

bering them (see example 5-3) 
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5.1.3. Discharge double mass analysis 

The discharge of two nearby located catchment 

area's can be expected to be related, based on the 

assumption that the irrigation regime and practices 

and the cropping patterns will show similarity. If 

the discharge from these catchment area's is by 

means of open drains that have a stage - discharge 

relation also the water depths will be related to 

each other. 

By curve fitting the measured quantities of 

both measuring points (according to the sequence 

given in annex 4) can be used to determine the em

pirical selection (power curve) between both: 

b 
(5-1 la) 

(5-llb) 

where: Q. and D. are the measured discharge and 

^ ^ water depth of measurement point 
j respectively 

Q. and D. are the measured discharge and 

water depth of measurement point 
i respectively 

a and b are the regression constants of the 
discharge double mass relation 
(5-1 la) 

a, and b, are the regression constants of the 
waterdepth double mass relation 
(5-llb) 

Using the fractional differences of the quantities 

calculated by equation (5-11) and the measured 

quantities and comparing this difference with a 

certain criterium unreliable measurements can be . 

identified: 

. . 5; - Q; 

V 
and 

D. -
J 

a 
q 

ad 

« i 

D. 
l 

|AQ 

AD 

J II 

D. - D. 
_J 1 

'1 
(5-12a) 

(5-12b) 

where: AQ and AD are the fractional differences 

Q. and D. are the discharge and water depth 
^ ^ calculated with equation (5-11) 

C. and C. are the criteria according to which 
measurements are considered un
reliable 

The normal value for C, and C, is 0.20. If the re-
1 2 2 

lation between both quantities is weak (low R and 

great scatter of the data) it may be necessary to 

increase C. and/or C, to 0.30 or 0.40. On the other 

hand, if the relation is very strong, C. and C. may 

be decreased to 0.10. 

The application of equations (5-11) and (5-12) 

is based on the following decision structure: 

Are both measurement points 
open drains with a stage -
discharge relation? 

yes 

Use Q-Q 
and D-D 
relations 

Is one of the measurement 
points a pump station, or 
has one of the points no 
stage - discharge relation? 

yes 

Use Q-Q 
relation 
only 

Is one or both of the measure
ment points an irrigation pump 
station? 

yes 

No discharge 
double mass 
analysis 
possible 

The procedure for detection of unreliable dis

charge measurements using the double mass analysis 

relations is as follows (see also example 5-4): 

1. Prepare a list including the date of observation, 

the measured water depth, and the calculated dis

charge of the measurement points that have to be 

compared (see annex 4 ) . Include the identification 

number based on the stage - discharge relation 

(see table 5-3). 

2. Prepare a plot of water depth against water depth 

and discharge against discharge. See fig. 5-8 and 

fig. 5-9. Identify unreliable (D,D) and Q,Q) data 

pairs, that are far outside the cluster of points 

un the figures. 

3. Establish the 'best fit' power curve through the 

remaining data of table 5-3, both for water depth 

if applicable and for discharge. Calculate the 

fractional depth and discharge differences (eq. 

5-12) and record the results in the list (see 

table 5-3. 

4. Label the additional unreliable points according 

to equation (5-12) using the criteria of 0.20. 

If no data points are identified as unreliable 

using this criterion , try C - 0.10. On the 

other hand, if too much data points are consid

ered unreliable (more than 10) try C • 0.30 or 

C " 0.40 (see example 5-4). Label the identified 

unreliable points by numbering, both on the list 

(see table 5-3) and on the figures 5-8 and 5-9. 

Once the discharge measurements that have to be 

considered for possible correction of either the 

water depth or the velocity have been identified 

preliminary corrections of both parameters can be 

applied. In this stage of data consistency analysis 

the corrections are preliminary; in chapter 5.3 the 

procedures for checking the preliminary corrections 

on consistency using the salt double mass analysis 

will be treated and the decision whether the preli-
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Example 5-4. Identification unreliable discharge measurements using the double mass analysis relations , 

The data used for this example are from EB 07, Bahr Baqar drain at 'Kubri Saud' and EB 08, Bahr Baqar drain at 
'Kubri Bahr Baqar' and are taken from annex 3.4 and 3.5. 

Step 1. Prepare a list of discharge observation of both measurement points. See table 5-3. 

Date 

20/12/79 
6/01/80 

27/01/80 
10/02/80 
25/02/80 
9/03/80 

23/03/80 
13/04/80 
20/04/80 
4/05/80 

26/05/80 
3/06/80 

15/06/80 
29/06/80 
16/07/80 
31/07/80 
18/08/80 
22/09/80 
4/10/80 

27/10/80 
11/11/80 
24/11/80 
7/12/80 

25/12/80 
7/01/81 

D7 

3.27 
3.04 
2.92 
2.74 
3.05 
2.96 
2.91 
2.84 
2.81 
2.81 
2.88 
2.90 
2.86 
2.88 
2.95 
3.08 

-
3.22 
3.18 
3.09 
3.04 
3.10 
3.07 
3.32 
3.03 

Q - D 
relation 

1 

2 

3 

4 

5 

D8 

3.16 
2.96 
2.85 
2.73 
2.94 
2.87 
2.93 
2.82 
2.69 
2.45 
2.81 
2.83 
2.77 
2.72 
2.74 
2.83 
2.88 
3.09 
3.05 
2.71 
3.92 
2.97 
2.92 
3.05 
3.03 

Ident. 
Q - D 

relation 

6 
7 
8 

9 

~D8 - D8 
D8 

-0.02 
-0.02 
-0.02 
-0.03 
-0.01 
-0.01 
-0.05 
-0.03 

0.01 
0.11 

-0.01 
-0.02 
-0.01 
0.02 
0.03 
0.04 
-

-0.01 
-0.01 
0.09 

-0.26 
-0.01 
0 
0.02 

-0.05 

Ident. 
D - D 

relation 

• ' 

10 

11 

Q7 

42.26 
28.82 
28.40 
18.00 
33.81 
30.59 
19.33 
24.79 
28.12 
20.98 
18.47 
23.60 
26.60 
27.38 
26.35 
31.67 

-
33.52 
35.40 
24.05 
35.07 
26.23 
24.66 
39.40 
24.02 

Ident. 
Q - D 

relation 

1 

2 

3 

4 

5 

«8 

41.11 
33.71 
27.03 
22.23 

-
24.46 
26.02 
21.02 
21.74 
13.84 
21.66 
21.96 
24.25 
21.68 
24.45 
30.17 
27.20 
38.28 
41.62 
15.71 
64.48 
27.04 
21.48 
29.82 
28.50 

Ident. 
Q - D 

relation 

6 
7 
8 

9 

-0.10 
-0.20 
-0.01 
-0.18 

-
0.16 

-0.26 
0.13 
0.22 
0.49 

-0.14 
0.04 
0.04 
0.19 
0.02 

-0.03 
-

-0.20 
-0.23 
0.48 

-0.51 
-0.08 
0.10 
0.18 

-0.19 

Ident. 
Q - Q 

relation 

12 

13 

14 
15 

16 
17 
18 
19 

Table 5-3. EB 07 and EB 08, list of (D, Q„) data pairs and identification unreliable measurements 
K 

Step 2. Prepare a D-D and Q-Q p l o t and i den t i fy u n r e l i a b l e da ta p a i r s . See f i g . 5-8 and f i g . 5-9. 

discharge EB 08,Q8(m .s ) 
70i— 

waterdepth EB08, D8(m) 
40 

• n 
D8 =1.13 (D7)a849R2= 0.59 

•to unreliable points 
3.5 

3.0 

2.5 

2.0 

60 

50 

40 

30 

20 

10 

2.5 3.0 3.5 4.0 
waterdepth EB07.D7 (m) 

0838 
Q 8 =1.61 (Q7) R=0.47 

10 20 30 40 50 
discharge EB07 ,Q7 (m3.s') 

Fig. 5-8. EB 07 and EB 08, stage - stage relation 
and unreliable data points 

Fig. 5-9. EB 07 and EB 08, discharge - discharge re
lation and unreliable data points 

Point 11 in fig. 5-8 and point 19 in fig. 5-9 are identified far outside the normal range of data 
scatter. 
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O 849 2 
Step 3. Power curve water depth: D 8 - 1.13 (D7) R - 0.59 

Calculate fractional depth difference (table 5-31 
0 8*38 2 

Power ourve discharge: Qs • 1.61 (Q7) ' R - 0.47 
Calculate fractional discharge difference (table 5-3) 

Step 4. Label unreliable data points. 
Taking C\ » 0.20 for the D8 - D7 relation only one point (11) is identified. 
Therefore take C\ - 0.10; 2 unreliable depth measurements. See table 5-3 and fig. 5-8. 
Taking CI • 0.20 for the Q8 - Q7 relation 8 unreliable discharge measurements are identified. See 
table 5-3 and fig. 5-9. 

A summary of the identification of unreliable discharge measurements using the stage 
double mass relations is given below. 

discharge and the 

Measurement 
points 

(annex 4) 

FB03 - FB04.»» 
FB03 - FB05 
EB07 - EB08 
EHll - EH13 
MG09 - MG10 
WE10 - WE11 

Stage 

a 

** 0.514 
1.01 
1.13 

-
-
-

double 

b 

** 1.28 
1.08 
0.849 

-
-
-

mass re 

R2 

0.91 
0.87 
0.59 

-
-
-

lation 

C. 

0.20 
0.20 
0.10 

-
-
-

Discharge double m 
1 

a 

0.462 
2.76 
1.61 
6.58 
0.756 
2.30 

b 

1.78 
1.04 
0.838 
0.550 
1.08 
0.664 

R 

0.86 
0.94 
0.47 
0.22 
0.90 
0.57 

Number 

ass 

C2 

0.30 
0.20 
0.20 
0.30 
0.10 
0.40 

Q 
1st 

of 

- D 

unreliable d 

re 

point 

5 
5 
5 

11 
-
-

lation 
_nd . . 
2 point 

4 
6 
4 
-
-
-

ischarge 

D-D re

lation 

1 
3 
1 
-
-
-

measurements 

Q-Q re-

# lation Total 

8 12 
5 12 
7 10 
6 13 
2 2 
7 7 

In this column the total number of discharge measurements that have to be considered for correction is given. 
If the measurements of this date have been identified as unreliable in more than one of the 4 relations con
sidered it is counted only once in this column. 

The stage double mass relation given is that of before august 1980 
For the period after august 1980 a - 0.985, b - 0.493 and R2 - 0.67 has been found 

According to Annex 4 the sum of FB04 has to be compared with FB05. Because of the change in the stage - dis
charge relation since august 1980 for the measurement point FB04 the data of FB03 have been related directly 
with the data of FB05. 

No stage double mass curves have been established because for EH 13 no stage 
and MG 09, MG 10, WE 10 and WE 11 are pump stations. 

discharge curve can be found 

minary corrections have to be maintained will be dis

cussed. 

The application of preliminary corrections can be fa

cilitated by using a qualitative matrix indicating 

the deviations of the unreliable discharge measure

ment from the empirical stage - discharge and double 

mass analysis curves. The structure of the matrix is 

as follows: 

Relation Depth Discharge 

Stage - discharge 

Double mass 

The elements of the matrix can be filled with 

positive signs (+) if the measurement is higher than 

according to the empirical relation, a negative sign 

(-) if the measurement is lower than according to the 

empirical relation. The element can be left open or 

filled with a zero (0) if the measurement is exactly 

on the empirical relation (or very close to it). 

The first row of the matrix is filled based on 

the Q-D plot and the stage - discharge relation. If 

the measurement point in question is on the right 

side of the regression line an (+) is filled in under 

'Depth' and an (-) under 'Discharge' . If the point 

is above this line an (-) must be filled in below 

'Depth' and an (+) below 'Discharge'. 

The second row is filled based on the double 

mass plots (D-D and Q-Q) and the double mass relations. 

In the first column, second row, an (+) is indicated 

of the (D,D) data point is located on the same side 

of the D-D relation as the axis of the measurement 

point in question. An (-) has to be indicated if the 

data point is on the other side of the D-D relation. 

In the second column, second row, an (+) is indicated 

if the (Q,Q) data point is on the same side of the 

Q-Q double mass relation as the axis of the measure

ment point in question. An (-) has to be indicated 

if the data point is on the other side. Based on the 

configuration of the qualitative matrix it can be 

decided where (which measurement point) the correc

tion has to be made and which measurement (depth or 

velocity) has to be corrected: 

- correction of depth for the following configurations: 

D Q D Q 

Q - D + - - + 

D - D ; Q - Q + + 
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- correction of velocity for the following con

figurations: 

Q-D 

D-D;Q-Q 

D Q 

- + 

+ + 

D Q 

- + 

0 + 

D Q 

- + 

- + 

T - , 1 1 • 
D Q D Q D Q; D Q' D Q 

+ 

0 + 

+ - + -

- - 0 -

+ - ; + - : 

+ - I o -'• 
1 

- no correction is warranted for all other matrix 

configurations. 

The use of the matrix is confined to the compar

ison of two measurement points that are both open 

drains with a stage - discharge relation. If one of 

the points has no stage - discharge relation an 

incomplete matrix can be made with a blank position 

in the first column, second row: M (1,2). In this 

case the correction of the measured water depth is 

not an option, unless when this is obvious from the 

Q-D plot i.e. when the depth of the (Q,D) point in 

question is far outside the range of normal depths 

measured during the observation year. If both measure

ment points are open drains without stage - dis

charge relation or pump stations no matrix can be 

constructed at all and corrections on discharges 

cannot be applied without additional evidence. 

Once it has been decided which parameter, depth 

on velocity, needs to be (preliminary) corrected the 

corrected value can be estimated as: 

- correction of depth: 

the average of the D value derived from the stage -

discharge relation and the D value derived from 

the D-D double mass relation. Next the discharge 

has to be recalculated with the corrected D value 

according to the procedures described in chapter 

A.1.1.2. for the float measurement or in chap

ter 4.1.1.3 for the pendulum measurements 

- correction of discharge: 

the average of the Q value derived from the stage -

discharge relation and the Q value derived from 

the Q-Q double mass relation. 

In all cases, before preliminary corrections 

are to be applied the field forms should be inspec

ted on possible mis-interpretations of field data 

and the subsequent data processing (chapter 4) 

checked. 

The complete procedure for the preliminary dis

charge data correction is as follows (see also examp

le 5-5). 

1. Collect the pertinent information necessary for 

the preliminary correction of discharge measure

ment of the measurement points that have to be 

compared according to the sequential list given 

in annex 4. This includes the list of (D, Q_) data 

pairs with the identification of unreliable measure

ments and the stage - discharge and double mass 

analysis relations found. For measurement points 

that have already been involved in double mass 

analysis data checking before, according to the 

sequential list of measurement points in annex 4, 

the (preliminary) corrected data have to be used. 

This rule has not been obeyed in the examples 

given in the annexes. 

2. Construct the qualitative matrices (if appropriate) 

for the discharge measurements found unreliable in 

one or more of the relations collected under step 1. 

If one of the measurement points has no stage - dis

charge relation, or is a pump station the element 

M(l,2) of the matrix can be left open (filled with 

a blank). 

Construct the matrices for both measurement points 

that have to be compared. 

3. On basis of the matrix configuration for both 

measurement points it has to be decided which 

element (depth or discharge) of which measurement 

point has to be corrected. See example 5-5. 

If both measurement points are pump stations no 

matrix can be constructed and the decision which 

point needs to be corrected may be based on the 

historical discharge record. 

4. Check the field measurement forms of the measure

ment point and date of measurement identified as 

unreliable and repeat the ensuing calculations for 

possible mis-interprelation of the field observations 

and mistakes in the data elaborations. For pump sta

tions the original data records have to be in

spected on possible mis calculations. 

Correct any differences found on the calculation 

sheets, replacing the original values. 

5. If no deviations have been found in step 4 a pre

liminary correction has to be applied: 

- Correction of the depth 

+ calculate the depth from the Q-D relation 

using the calculated discharge as input: 

DQ-(a-V/b 

+ calculate the depth from the D-D relation 

using the measured depth of the 'reliable' 

point as input: 

D D " a D r °rDD U"1 D ) , / b 
r 

+ calculate the average of both: 

Dc • (DQ + V l2 

+ check the new D value on the D-D relation, 
c 

If the data pair (D , Dr) is still far away 

from the relation found replace D by D : 

D - D n c D 
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Example 5-5. Preliminary discharge data correction 

The data of EB 07, Bahr Baqar drain at 'Kubri Saud' and EB 08, Dahr Baqar drain at 'Kubri Bahr Baqar' have been 
used in this example for illustration (Annex 3.4 and 3.5). 

Step 1. Collect pertinent information. See figs 5-7, 5-8, 5-9, 5-10 and table 5-3. 

50 r 

40 

30 

20 

10 

oHr 

Q R = 0 687 D J J D 

identification unreliable 
*5 measurement 

2.25 2.50 2.75 3.00 3.25 
D (m) 

Fig. 5-7. EB 07, stage - discharge relation and 
unreliable data points 

. 3 . - 1 , discharge 0 r ; Q (m s" ) 

75 r -

50 

25 

— QR . 0.328 D ' Rto.77 

• Qp measurements 

o Qç measurements/ 

9 unreliable discharge measurements 

I I I 
0 2.5 2.0 3.5 4.0 

depth (m) 

Fig. 5-10. EB 08, stage - discharge relation and 
unreliable data points 

discharge EB 08,Q8(m .s ) 
701-

waterdepth EB08;D8(m) 

4.0 r 
• ii 

D8 =1.13 (D7)°-849R2= 0.59 

•io unreliable points 

3.0 -

2.5 -

60 

50 

40 

30 

20 

10 -

0838 
Q 8 =1.61 (Q?) R=0.47 

2.5 3.0 3.5 4.0 
waterdepth EB07.D7 (m) 

10 20 30 40 50 
discharge EB07 ,Q7 (mis1) 

Fig. 5-8. EB 07 and EB 08 stage - stage relation and 
unreliable data points 

Fig. 5-9. EB 07 and EB 08 discharge - discharge 
relation and unreliable data points 
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Date 

20/12/79 
6/01/80 

27/01/80 
10/02/80 
25/02/80 

9/03/80 
23/03/80 
13/04/80 
20/04/80 

4/05/80 
26/05/80 

3/06/80 
15/06/80 
29/06/80 
16/07/80 
31/07/80 
18/08/80 
22/09/80 

4/10/80 
27/10/80 
11/11/80 
24/11/80 

7/12/80 
25/12/80 

7/01/81 

D7 

3.27 
3.04 
2.92 
2.74 
3.05 
2.96 
2.91 
2.84 
2.81 
2.81 
2.88 
2.90 
2.86 
2.88 

2.95 
3.08 

-
3.22 
3.18 
3.09 
3.04 
3.10 
3.07 
3.32 
3.03 

Ident. 
Q - D 

relation 

1 

2 

3 

4 

5 

D8 

3.16 
2.96 
2.85 
2.73 
2.94 
2.87 
2.93 
2.82 
2.69 
2.45 
2.81 
2.83 
2.77 
2.72 
2.74 
2.83 
2.88 
3.09 
3.05 
2.71 
3.92 
2.97 
2.92 
3.05 
3.03 

Ident. 
Q - D 

relation 

6 
7 
8 

9 

"D8 - D 8 

D8 

-0.02 
-0.02 
-0.02 
-0.03 
-0.01 
-0.01 
-0.05 
-0.03 

0.01 
0.11 

-0.01 
-0.02 
-0.01 

0.02 
0.03 
0.04 

-
-0.01 
-0.01 

0.09 
-0.26 
-0.01 

0 
0.02 

-0.05 

Ident. 
D - D 

relation 

10 

11 

9? 

42.26 
28.82 
28.40 
18.00 
33.81 
30.59 
19.33 
24.79 
28.12 
20.98 
18.47 
23.60 
26.60 
27.38 

26.35 
31.67 

-
33.52 
35.40 
24.05 
35.07 
26.23 
24.66 
39.40 
24.02 

Ident. 
Q - D 

relation 

1 

2 

3 

4 

5 

"8 

41.11 
33.71 
27.03 
22.23 

-
24.46 
26.02 
21.02 
21.74 
13.84 
21.66 
21.96 
24.25 
21.68 
24.45 
30.17 
27.20 
38.28 
41.62 
15.71 
64.48 
27.04 
21.48 
29.82 
28.50 

Ident. 
Q - D 

relation 

6 
7 
8 

9 

^8 

-0.10 
-0.20 
-0.01 
-0.18 

-
0.16 

-0.26 
0.13 
0.22 
0.49 

-0.14 
0.04 
0.04 
0.19 
0.02 

-0.03 

-
-0.20 
-0.23 

0.48 
-0.51 
-0.08 

0.10 
0.18 

-0.19 

Ident. 
Q - Q 

relation 

12 

13 

14 
15 

16 
17 
18 
19 

Table 5-3. EB 07 and EB 08, list of (D, CL) data pairs and identification unreliable measurements 
R 

Steps 2 - 6 . Correct unreliable points: 

Points_JJ has been detected in the Q-Q relation of 6/10/80 
Checking~Q-D of EB 07 (fig. 5-7) D - 3.04; Q - 28.82 (table 5-3) indicates! that the point is exactly on 
the relation found empirical. 

Checking D-D of the data point 12 (fig. 5-8) D ? » 3.04; D. - 2.96 (table 5-3) indicates that the point 
is only very slightly deviating from the empirical relation found. 
Checking Q-Q of the data point 12 (fig. 5-9) indicates that either Q7 is too low (-) or Q„ is too high(+). 
Checking Q-D of EB 08 (fig. 5-10) D - 2.96; Q - 33.71 (table 5-3) indicates thateither D g is too low (-) 
or Qa is too high (+). 

The matrix for EB 07 is therefore: 0 0 and for EB 08: - + 
o - o + n d 

For EB 07 no correction is warranted; for EB 08 the velocity is liable to correction (2 configuration 
of matrices for velocity correction; see text). 
A check of the field measurements (Annex 1.5.2) and subsequent calculations gives the same result: 
Q - 33.71. 
Correction of discharge of EB 08 according to the Q-D relation gives: Q„ - 0.328 (2.96) " - 29.31 
(fig. 5-10). ö

 8 

Correction of discharge of EB 08 according to the Q-Q relation gives: Q„ - 1.61 (28.82) ' « 26.92 
(fig. 5-9). 
Average: (29.31 + 26.92)/2 - 28.11. 
On the calculation sheet (annex 5.5) this value 28.11 is written above the original value that has to 
be crossed by drawing a line through the figure (33.71) in such a way that the value is still readable. 

Point_2 has been detected in the Q-D relation of EB 07 and in the Q-Q relation (= point 13). 
Q-D ËB~07 (point 1; fig. 5-7): D too high (+) or Q too low (-). 
D-D (D7 - 2.91; Dg - 2.93);fig. 5-8: D 7 and D8 correct (0). 
Q-Q point 13; fig. 5-9): Q7 too low (-) or Qg too high (+). 
Q-D EB 08 (D - 2.93; Q - 26.02; fig. 5-10): D and Q correct (0). 
Matrix EB 07: + - EB 08: 0 0 

The velocity of EB 07 for 23/03/80 is liable for correction (matrix configuration 6 ) ; for EB 08 no cor
rection is warranted. 
Check field measurements (annex 1.4.2) fives Q - 19.33 (float measurements of 23/03/80). 
Correction Q EB 07, Q-D: Q? - 0.687 (2.91)3-36 . 24.87 

Q-Q: Q7 - (26.02/1.61), / 0-8 3 8 _ 27.68 
Average Q - 26.27. 

Point_2 has been detected in the Q-D relation of EB 07 (fig. 5-7) and in the Q-Q relation (E point 14) 
The measurement date is 20/04/80. 
Matrix for EB 07: - + and for EB 08: 0 0 

0 + 0 -
Correction velocity EB 07 (configuration 2 ) ; no correction for EB 08 
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Check routine measurements (Annex 1.4.2): no deviations. 
Correction Q 7 according to Q-D relation: Q 7 « 22.11 

Average Q - 22.22 
Q-Q relation: Q? - 22.33 

Point_J_0 had been identified in the D-D relation of 4/05/80 and in the Q-Q relation (= point 15). 
MatrïiTfor EB 07: 0 0 and for EB 08: 0 0 

+ + -

No correction warranted for both measurement points. 

Point_3 has been identified in the Q-D relation of EB 07. Measurment of 26/05/80 
MatrïiTfor EB 07: + - and for EB 08: + 

0 - 0 + 
Correction velocity of EB 07 (matrix configuration 6 ) ; for EB 08 no correction is warranted. 
A check of the field measurements of EB 07 for 26/05/80 gives no deviations (data in annex 1.4.2). 
Correction Q 7 according to Q-D relation (fig. 5-7): Q_ • 24.02 

Q-Q relation (fig. 5-9): Q ' - 22.24 
Average: Q - 23.13. 

Point_26 has been identified in the Q-Q relation of 22/09/80 
MatrïiTfor EB 07: 0 0 and for EB 08: - + 

0 - 0 + 
Correction of EB 07 is not warranted; correction velocity of EB 08 (matrix configuration 2 ) . 
A check on the field measurements of EB 08 for 22/09/80 (annex 1.5.3.) gives no deviations. 
Correction Q„ according to Q-D relation (fig. 5-10): Qg " 35.02 s 

Q-Q relation (fig. 5-9 ): Q8 - 30.55 
Average: Q - 32.79. 

Point_6 has been detected in the Q-D relation of EB 08 of 4/10/80 and in the Q-Q relation (E point 17) 
MatrïiTfor EB 07: - + and for EB 08: - + 

0 - 0 + 
Correction of Q„ (matrix configuration 2): Q-D relation Q„ - 33.18 

Q-Q relation Qg - 31.98 
Average Q. - 32.58. 

Ö 

Point_4 has been detected in the Q-D relation of EB 07 of 27/10/80; in the Q-D relation of EB 08 
(I~pôlnt 7 ) ; in the Q-Q relation (5 point 18) 
Matrix for EB 07: + - and for EB 08 + 

Correction of D. is liable (matrix configuration 1 of depth correction possibilities; see text). 
„ _̂-__ .e ̂  •_ u-v.- (matrix configuration 5 ~c — 1 - - î — --'-- -•«.-•i.'~.---. --- ~-_ 

nt has not been identifie 

Q-D relation: Q g - 20.34 
Q-Q relation: Qg » 23.13 

Correction of QR is liable (matrix configuration 5 of velocity correction possibilities; see text). 
Since the (D7,D„) data point has not been identified as unreliable, the most probable correction is 
the velocity of EB 08. 
Correction Q„ on basis of Q-D relation: QR » 20.34 

Average: Q • 21.74. 

Point_8 has been detected in the Q-D relation of EB 08 of 11/11/80; in the D-D relation (B point 11) 
and in the Q-Q relation (= point 19). 
Matrix EB 07: - + and EB 08: + 

- - + + 

Correction of depth is liable both for EB 07 and EB 08. 
Since the point has not been detected in the Q-D relation of EB 07, correction of D„ is the most probable. 
Checking the routine observation of EB 08 for 11/11/80, it is noticed in annex 1.5.2 that the measured 
Hm for this date is very low. It looks like a mistake (error reading) of 1 m has been made. If the 
reading would have been 2.35 instead of 1.35 the water depth at EB 08 would have been 2.92 instead of 3.92, 
Correction of D. according to Q-D relation gives D„ » 3.58 

D-D relation gives Dg - 2.90 
Most probably a depth measurement error of 1 m has been made: D - 2.92._ 
Using the programme pendulum meter the pendulum velocity is calculated: v » 0.469. 
Taking A - 99.25, c - 0.715, c' - 0.598 x 2.92 - 0.93, Q - 27,17 is caïculated. 

p D c 

Point_5 has been identified in the Q-D relation of EB 07 of 7/12/80 and in the Q-D relation of EB 08 
(= point 9 ) . 
Matrix EB 07: + - and EB 08: + 

0 + 0 -
Correction of EB 07 is not warranted; for EB 08 the velocity is liable to correction. 
Correction of Q. on basis of Q-D relation: Qg - 27.71 

Q-Q relation: Qg - 23.62 
Average: Q - 25.67. 

A summary of the preliminary discharge data correction is given hereafter: 
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No of data corrected (preminilary) 

Comparison first point second point 

FB 03 - FB 
FB 03 - FB 
EB 07 - EB 
EH 1! - EH 
MG 09 - MG 
WE 10 - WE 

04 
05 
08 
13 
10* 
11** 

- Discharge of april unreliable; Qg too high, or QJQ too low 
Q , average of 1976 - 1979 (data annex 1.9.2) 3.3 X higher than Q of 1980 
0/j0, average of 1976 - 1979 (data annex 1.9.2) 7.6 X lower than Q ^ of 1980 
Conclusion: correction not warranted. 

- Discharge of september unreliable; Qq too low, or Q n too high 
Q , average of 1976 - 1979 (data annex 1.10.2) 4.9 X higher than Qg of 1980 
Q j 0 , average of 1976 - 1979 (data annex 1.10.2) 32.8 X higher than Q]Q of 1980 
Conclusion: Q Q is liable for correction. 
Checking of original data is not possible (visit to the pump station, or to the Regional Irrigation 
Department may be necessary) 
Preliminary correction based on Q-Q relationship: Q 

10 
13.54 

No historical data are available and consequently no data correction can take place. 
Remarkable is the relatively great scatter in the Q-Q plot. The reason for this may be the fact that the 
irrigation water supply to the area draining to WE 10, Edko pump station is mainly drainage water pumped 
by WE 11, Bosseili pump station. Therefore the irrigation practices most prabably will differ which is 
reflected in the poor correlation between the discharges of both pump stations. 

+ calculate the corrected discharge Q according 

to the routine measurement methods and relations 

given in chapter 4.1.1.2 or 4.1.1.3. 

- Correction of the discharge: 

• calculate the discharge from the Q-D relation 

using the measured depth as input: 

Q D - a Db 

+ calculate the discharge from the Q-Q relation 

using the 'reliable' discharge as input: 

Q Q - a Q ^ o r Q ^ a - V 7 " 

+ calculate the average of both: 

Qc .(QD + QQ)/2 

6. Record the preliminary corrected value's on the 

calculation sheet in such a way that the original 

'unreliable' figures are still visible. See annex 

5 for the preliminary corrected data. 

charge data is as follows (see also example 5-6): 

J. Check in annex 4 which one of the measurement 

points used for the double mass analysis is under

lined. 

2. Determine for the date of measurement for which no 

depth measurements have been collected the depth 

using the D-D double mass relation. 

3. Determine for the measurement date for which no 

discharge is known the discharge using the stage -

discharge relation (if applicable) and using the 

Q-Q double mass relation and calculate the average. 

4. Record the estimated data on the calculation sheet 

and indicate with an asterix (*) or another sign 

the estimated data in order to distinguish them 

from the actual measured data (see example 5-6). 

For the measurement points that will not be in

volved in other mutual data consistency analyses 

(underlined measurement points in annex 4) the mis

sing data may be estimated. If no velocity measure

ments* have been performed, the missing discharge may 

be taken as the average of the discharge derived from 

the stage - discharge relation and that from the dis

charge double mass relation. If also no water depth 

measurements have been performed the missing water 

depth measurement should be estimated from the depth 

double mass relation before the discharge can be 

estimated. For pump stations, only the discharge 

double mass relation can be used. 

The procedure for the estimation of missing dis-
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Example 5-6. Estimation missing discharge data 

The data of EB 07, Bahr Baqar drain at 'Kubri Saud' and EB 08, Bahr Baqar drain at 'Kubri Bahr Baqar' have been 
used for illustration in this example (Annex 3.4 and 3.5). See also example 5-5. 

Step 1. Check annex 4. 
See annex 4.2: EB 07 is underlined; the missing data for this point can be estimated. 

Step 2. On 18/08/80 no discharge measurements for EB 07. . 
From the D-D relation (fig. 5-8, example 5-5), it follows D ? -(2.88/1.13) ' - 3.01 

•5 It 

Step 3. From the stage - discharge relation (fig. 5-7, example 5-5) it follows Q - 0.687 (3.01) ' - 27.86 

From the Q-Q relation (fig. 5-9, example 5-5) it follows Q - (27.20/1.61) ' - 29.18 
The average of both: Q - (27.86 + 29.18)/2 - 28.52. 

Step 4. Record the missing data D - 3.01. Q - 28.52 on the calculation sheet (see annex 5.4). 

A summary of the estimation of missing data is given below: 

Measurement point for 
which missing data 

are estimated 
(annex 4) 

Number of data estimated 

depth discharge 

FB 03 
FB 04 
EB 07 
EH 11 
EH 13 
MG 09 
WE 10 
WE II 

5.2. Water quality consistency analysis 

Three relations can be used for the waterquality 

data consistency analysis. In chapter 4.2 the 'theoret

ical' relation between the concentration of the cations 

and anions and the electrical conductivity has been 

treated( eqs. (4-46) - (4-57)). 

A diviation of the EC calculated according to 

these equations (HP 97 programme 'Water quality proces

sing', annex 8.3) of more than 10 Z from the EC mea

sured in the laboratory is an indication of unrelia

bility of the measurements. Another possibility of 

identification of unreliable measurement is due to 
2-

the method of calculation of the SO, concentration 
4 

(as the difference between cations and other anions). 
2— 

If this calculated SO, concentration becomes negative 
4 

(see for example annex 2.10, water quality measure

ments of 22/02/81) most likely a mistake in the mea

surements has been made. 

Unlike other ions such as Ca2 +, Mg + , HC0~ and 
2- + J 

S 0 4 t n e N a ar>d CI concentrations are not limited 

by precipitation of salts and complexation equilibria. 

Because of the precipitation of salts of other ions 

it may be expected that the relative importance of 

both the Na and CI ions will increase with in

creasing salinity. For the relation between the EC 

and [Na] and [CI] respectively a power curve may 

therefore be expected: 
b 

EC - a [Na] n (5-13a) 

EC - a [CI] 

where: EC 

(5-13b) 

e l e c t r i c a l condus t iv i ty in mmho.cm •1 

a , b , a , b , - regression constants 

[Na] - Na - concentration in meq.1 

[CI] - CI - concentration in meq.1 -1 

Unreliable data points can be identified by comparing 

the fractional EC difference with a pre-determined 

criterium (- 0.20): 

Sc EC 
UECl 0.20 (5-14) 

EC 

where:AEC - fractional EC difference 
if |AEC| J. 0.20 the measurements are 
considered unreliable 

EC - calculated EC according to equation (5-13) 
using the measured concentration of Na or 
CI as input 

EC - measured electrical conductivity 
m 

For the preliminary correction of unreliable water 

quality measurements the Na and CI concentrations and 

the electrical conductivity are considered. In order 

to facilitate the selection of the parameter Na, CI, 

or EC for which a preliminary correction is most pro

bable a simple qualitative matrix consisting of three 

elements can be used. The general form of this matrix 

is as follows: 
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•I 
EC 

m 
(measured) 

Comments 

EC (eqs.(4-46)-
P 4-57)) 

ECn(eq. (5-13a)) 

EC^ (eq. (5-13b)) 

HP 97 programme 'Water 
quality processing' 

EC-Na relation 

EC-C1 relation 

The element M(l) is filled with an (-) if 

EC - EC < - 0.05, where EC is the measured EC 
m p m 

and EC is the calculated EC using the measured 

P 

cation and anion concentrations as input for equa

tions (4-46) - (4-57); the element M(l) is filled 

with an (o) if - 0.05 < EC - EC < 0.05; and with 
m p 

an (+) if EC - EC > 0.05. The element M(2) is 
m p 

filled with an (-) if the (EC, Na) data pair in the 

EC-Na plot is clearly below the empirical EC-Na re

lation; with an (o) if the data pair is on the re

lation, or very close to it; and with an (+) if the 

(EC, Na) data pair is clearly above the empirical 

EC-Na relation. The third element M(3) is filled with 

an (-) if the (EC, CI) data pair is above the EC-C1 

relation; with an (o) if the data pair is on or very 

close to this relation; and with an (+) if the data 

pair is above the relation. 

Based on the actual configuration of the matrix the 

decision can be made to correct the Na concentration, 

the CI concentration, the EC, or to maintain the 

measurements, as they have been reported by the lab

oratory. 

The correction of the Na concentration is according 

to equation (5-13a) using the measured EC as input: 

(5-15a) 

1 

Na -(EC /a )l/bn 
m n 

where: Na " corrected Na concentration in meq.1 ". 

Concequently the SO, concentration changes (Ications-

lanions). The correction of Na and SO, concentrations 

must be checked by calculating the EC with eqs. 

(4-46) - (4-57) using the corrected Na and SO.values 

as input. The corrected EC should not deviate more 
pc 

than 10 Z from t n e measured EC value: 
m 

0.9 EC < EC < 1.1 EC 
pc m pc 

(5-15b) 

where: EC » calculated EC value using the correc-
pc p 

ted Na and SO, concantration as input 

The correction of the EC, if appropriate, is 

performed by calculating the average of the calcu

lated EC based on the measured cation and anion 

P 

concentration (eqs. (4-46) - (4-57)), the EC calcu

lated with eq. (5-13a) using the measured Na con

centration as input and eq. (5-13b) using the measured 

CI concentration as input: 

ECc - (EC + ECn + EC^/3 
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(5-16a) 

where: EC - corrected EC in mmho.cm 
c 

EC - EC, calculated with programme 'Water 
P quality processing' 

EC - a [Na ] n 

n n mJ _j 
Na " measured Na concentration in meq.1 

E C 1 - al tC1ml L ., 
CI » measured CI concentration in meq.1 

m 

The corrected EC value must be checked against 

the calculated EC value: 

0.9 EC « EC $ 1 . 1 EC (5-16b) 
P c P 

If the correction of the CI concentration is appro

priate equation (5-13b) can be used: 

CI - EC /a.),/bl 
m 1 

(5-17) 

-1 
where: tl - corrected CI concentration in meq.1 

The SO, concentration changes complementary according 

to the Ecations - ïanions calculation. 

The flow diagramme of the procedure for water quality 

data correction based on the qualitative matrix is 

presented in fig. 5-11. 

The complete procedure for the identification of 

unreliable water quality measurements and the prelimi

nary data correction is given below (see also example 

5-7): 

1. Prepare a list of data including the data of measure

ment, the EC, the Na and the CI concantration. Re

serve a column behind the column for EC for the 

EC values, behind the column for Na for the AEC 
p n 

values and behind the CI column for the AEC. values. 

See table 5-4. Indicate on the list with an(+) or 

an (-) for which dates the EC is inconsistent with 
m 

the chemical composition. This can be taken from 

the calculation sheets (see annex 2 ) . 

2. Prepare a plot of the (EC, Na) data pairs and the 

(EC, CI) data pairs (see figs. 5-12 and 5-13). In

dicate on the plot the data pairs for which the EC 

does not match the chemical composition. Identify 

(EC, Na) and/or (EC, CI) data pairs that are ob

viously far outside the normal range of data 

scatter. Indicate these unreliable pairs by mar

king them in the list with an asterix (.) behind 

the Na observation if it concerns the EC-Na plot 

and behind the CI observation if it concerns the 

EC-C1 plot. 

3. Establish the EC-Na relation by curve fitting using 

the (EC, Na) data pairs excluding the identified 

unreliable data pairs and the standard HP 97 pro

gramme 'Curve fitting' with the power curve option 

(press f E ) . Draw the curve in the EC-Na plot (see 

fig. 5-14) and calculate the fractional EC differ

ence according to equation (5-14). Record the AEC 

values in the list (see table 5-4). 

Repeat this procedure for the(EC," CI) data pairs. 

See fig. 5-15 and table 5-4. 



f START J 

input matrix M 

•, -,or - ? 
o • o 

Na - (EC /* ) 

SO. • Icat - ran 

[ no 

* 

yei 

correction Cl : 

Cl - Cl and 

SO, « Icat -I an 

Fig. 5-11. Flow diagram preliminary water quality data correction 
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Example 5-7. Identification unreliable water quality measurements and preliminary data correction. 

The data used are of MG 10, pump station No. 3, see annex 2,10. 

Step 1. Prepare list of data. See table 5-4 

Date 

23/01 
9/02 

22/02 
6/03 

21/03 
A/04 

16/04 
16/05 
20/05 

9/06 
22/06 

8/07 
25/07 

7/08 
30/08 
14/09 
27/09 
15/10 

6/11 
20/11 
30/12 

EC 
m 

2.37 
8.31 
2.26 
2.03 
2.83~ 
1.92 
2.29 
2.04 
2.04 
2.30 
2.83 
2.73 
2.21 
1.9l" 
2.00 
2.73 
2.82 
1.69 
1.00 
2.49 
3.64" 

EC 
P 

8.07 

2.14 
3.26 
2.08 

2.23 

1.58 
1.06 

4.14 

Na 

15.0 
51.1 
15.7 
12.5 
20.0 
12.0 
13.0 
13.8 
10.5 
15.2 
19.0 
17.7 
14.0 
13.5 
12.4 
18.0 
17.5 
5.8 
4.6 

14.6 
32.0 

AEC 
n 

0.04 
-0.24 

0.13 
0.06 
0.09 
0.09 

-0.03 
0.14 

-0.08 
0.09 
0.05 
0.03 
0.06 
0.20 
0.07 
0.04 

-0.01 
-0.29 

-
-0.03 

0.22 

CI 

11.3 
63.8 
15.8 
14.9 
23.5 
13.5 
13.5 
10.4 
11.5 
15.0 
15.1 
17.5 
13.0 
13.0 
12.8 
13.3 
16.6 
5.9 
6.0 

17.0 
22.1 

ÄEC 1 

-0.15 
-0.11 

0.14 
0.22 
0.23 
0.20 

-
-0.07 

-
0.08 

-0.12 
0.02 
0.01 
0.17 
0.10 

-0.17 
-0.05 
-0.27 

0.25 
0.10 

-0.09 

Identification 
number 

10 

11 
12 
13 

14 

15 
16 

17 

Table 5-4. MG 10. list of (EC, Na, CI) data pairs and identification unreliable 
measurements 

Step 2. Prepare EC-Na plot (fig. 5-12)and EC-C1 plot (fig. 5-13.). 
Identify data points far outside normal scatter: no points 

EClmmho.cnT ) 
10.0 r 

EC (mmho.cm- I 
10.0T 

5.0 

•ƒ/' 

40 50 
[Na] 

50 75 
[CD 

Fig. 5-12. MG 10, EC - Na plot Fig. 5-13. MG 10, EC - CI plot 

Step 3. Establish EC-Na relation: EC - 0.311 l}Jaj0-766, R 2 - 0.90. Draw curve in plot. See fig. 5-14. 

EC (mmho.cm" 
10.0 r 

7.5 

5.0 

2.5 

EC «0.311 (No) 
R2 «0.90 

0.766 

V. 

•17unreliable measurements 

v<12 

10 20 30 40 50 
(Na) 

Fig. 5-14. MG 10, EC-Na relation and unre
liable data points 

EC (mmho.cm 1 
10.01-

Fig. 5-15. MG 10, EC-C1 relation and 
unreliable data points 
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Calculate EC ; enter Na ; press E; enter EC ; press - ; enter EC ; press i ; displays EC 
for example 25/01 : m m . n 

15 press E displays 2.48; 2.37 press displays 0.11; 2,37 press * displays 0.04; 
record in table 5-4 AECn - 0.04 . _ . , 
Establish EC-C1 relation: EC » 0.324 [CI] , R - 0.86. Draw curve in plot. See fig. 5-15. 
Calculate AEC and record in list. See table 5-4. 

Step 4. Identify and number unreliable points: 
- point 10 (table 5-4 EC - Na relation 
- point 11 -"- EC - CI relation 
- point 12 -"- HP 97 programme 'Water quality processing' 
Record on list (table 5-4) and figures 5-14 and 5-15. 
Calculate EC p f o r unreliable measurements. See table 5-4. Data from annex 2.10. Programme instructions 
in annex 8.3. 

Step 5. Corrections: 
- point 10: HP 97 programme (table 5-4). EC m - EC p - 0.23; M(l) - + 

EC - Na relation (fig. 5-14) point above the relation; M(2) - + 
EC - CI relation (fig. 5-15) point above the relation; M(3) - + 

M- ( 4 
\ + . 

according to fig. 5-11: correction of EC: 

+ ECp • 8.07 (HP 97 programme) 
+ E C n - 0.311 (51.1)0.766 . 6.33 (equation (5-13)) 
+ EC! - 0.324 (63.8)0.753 . 7,4! (equation (5-13)) 

EC C - (8.08 + 6.33 + 7.41)/3 - 7.27. This is less than 0.9 EC p (= 7.26). Therefore the correction 
of EC is not allowed. 

The En, value (g.31) is not deviating more than 10 Z from EC p . 
The point has been detected in the EC-Na relation (|iEC | > 0.20) ;see flow diagramme, fig. 5-11). 
Conclusion: no corrections for this 'unreliable' measurement. 

- point 11 : 

M.- o ; according to fig. 5-11: correction of CI (|AEC.| >, 0.20) 

+ Cl -(2.03/0.324) 1 - 3 3 - 11.4 (equation 5-17) 
+ SO,- (20.1 - 14.9) - 5.2 (Ecat - Zan; data of 6/03; annex 2.10) 
SO, is not negative. Conclusion: correction of CI is appropriate. 

- point 12: 

M - - ; according to fig. 5-11 : correction of EC 

+ EC " 3.26 (HP 97 programme) 
+ ÊC P - 0.311 (20)0-7 6 6 - 3.09 (equation 5-13) 
+ Êtx - 0.324(23.5) 0 - 7 5 3 - 3.49 (equation 5-13) 

EC - (3.26 + 3.09 + 3.49)/3 - 3.28. This value is not deviating more than 10 Z from EC . 
c P 

Conclusion: correction of EC is appropriate. 

- point 13: 

M - o I ; according to fig. 5-11: correction of CI (|AEC. > 0.20) 

+ CI - (I.92/0.324)1'3 3 - 10.6 (equation 5-17) 
+ SO, - 20 - 14.2 « 5.8 ( Ecat - Zan; data of 4/04; annex 2.10) 
The SO, concentration is positive. 
Conclusion: correction of CI appropriate. 

- point 14: 

M » [ - I ; according to fig. 5-11: correction of Na 

+ Na - (1.91 / 0 . 3 1 1 ) 1 ' 3 1 - 10.7 (equation 5-15a) 
+ SO, • 19.4 - 18.2 - 1.2 ( Teat - Ian ; data of 7/08; annex 2.10) 

4 
+ EC : Ca - 4.2; Mg - 4.3; Na - 10.7; K - 0.2; C 0 3 - 0.0; HC0 3 - 5.2; SO^ - 1.2; CI - 13.0 

p Programme 'Water quality processing : EC • 2.02 
The EC value (1.91) is not deviating more than 10 Z pfrom this calculated value (2.02). 
Conclusion: correction of Na is appropriate. 

point 15: 

according to fig. 5-11: correction of EC 
- ( : ) • 
+ EC - 1.58 (HP 97 programme) 
+ Î C P - 0.311 (5.8)°-76<> - 1 . 2 0 (equation 5-13) 
+ Ê C n - 0.324 ( 5 . 9 ) 0 - 7 5 3 - 1.23 (equation 5-13) 

EC - (1.58 + 1.20+. 1.23)/3 - 1.34. This is less than 0.9 EC (- 1.42). Correction of EC is therefore 
not allowed. P 

73 



The EC value is not deviating more than 10 % from ECp (fig. 5-11). 
The point is found deviating in the EC-Na relation (A ECn "

 _ 0.29). 
The point is also found deviating in the EC-C1 relation ( AECi • - 0.27) 
According to fig. 5-11: correction of CI 

,1.33 
CI - (1.69/0.324)' 

15.4 1.5 
9.0 (equation (5-17)) 

( Zcat - Ian; data of 15/10; annex 2.10) + SO, - 16.9 
The calculated SO, concentration is not negative.' 
Conclusion: correction of CI is the only appropriate correction to be applied. 

- point 16: 

o 1 ; according to fig. 5-11: correction of CI ( AEC., - 0.25) 

+ CI -(1.000/0324) - 4.5 (equation 5-17) 
+ S04- (10 - 7.7) - 2.3 (Icat - £an; data of 6/11; annex 2.10 
Conclusions: correction of CI is appropriate. 

- point 17: 

; according to fig. 5-11: correction of Na 

2.48 (equation (5-15a)) o' 131 
(3.64/0.311) -J 

- 35.8 - 26.8 - 9.0 (Icat - San) 
- 3.51 (Ca - 4.8; Mg - 5.6; Na - 24.8; K - 0.6; C03 - 0.0; HCO3 - 4.7; SO4 - 9.0; Cl - 22.1) 

M -

+ Na 
+S0 
+ECp . . _ . 
The ECm value (3.64) is not deviating more than 10 % from this EC value. 
Conclusion: correction of Na is appropriate. 

The corrected values are presented in annex 5.9 

A summary of the preliminary water quality data corrections for the measurement points of annex 2 is 
given below. The data used are taken from annex 2 and the resulting preliminary corrections are 
presented in annex 5. 

Measure
ment 

point 

FB 03 
FB 04 
FB 05 
EB 07 
EB 08 
EH 11 
EH 13 
MG 09 
MG 10 
WE 10 
WE 11 

a 
n 

0.298 
0.274 
0.267 
0.635 
0.659 
0.424 
0.322 
0.388 
0.311 
0.309 
0.275 

Regression coefficients 

b 
n 

0.767 
0.806 
0.817 
0.397 
0.384 
0.677 
0.769 
0.686 
0.766 
0.772 
0.815 

R2 

0.89 
0.96 
0.96 
0.55 
0.56 
0.89 
0.90 
0.79 
0.90 
0.96 
0.98 

a. 
1 

0.304 
0.321 
0.294 
0.742 
0.745 
0.642 
0.403 
0.375 
0.324 
0.196 
0.237 

b, 
i 

0.820 
0.830 
0.848 
0.335 
0.320 
0.511 
0.695 
0.673 
0.753 
0.917 
0.881 

R2 

0.90 
0.96 
0.90 
0.22 
0.12 
0.69 
0.80 
0.82 
0.86 
0.86 
0.88 

Number 

HP 97 

progr. 

2 
2 
1 
0 
1 
2 
0 
0 
3 
2 
2 

of unreliable 

EC-Na 

3 
3 
2 
3 
3 
3 
1 
5 
4 
0 
1 

EC-C1 

4 
4 
5 
5 
6 
5 
5 
2 
5 
8 
5 

data 

Total 

6 
7 
8 
7 
8 
7 
6 
7 
8 
8 
6 

Numbi 

EC 

3 
1 
1 
3 
3 
1 
0 
2 
1 
1 
3 

er of 

Na 

0 
1 
1 
0 
0 
2 
0 
0 
2 
0 
0 

corrections 

CI 

1 
3 
5 
2 
2 
4 
5 
1 
4 
7 
2 

Total 

4 
5 
7 
5 
5 
7 
5 
3 
7 
8 
5 

Identify and number the unreliable measurements in 

the list (see table 5-4) and in the figures 5-14 

and 5-15. Calculate the EC with the HP 97 'Water 
P 

quality processing' programme for the identified 

unreliable measurements and record these values on 

the list (see table 5-4). 

For all unreliable points found in one or more of 

the relations: 

- prepare the qualitative matrix 

- preliminary correct the EC, Na or CI values ac

cording to the decision structure given in the 

flow diagramme of fig. 5-11. 

- record the correction on the calculation sheet 

by writing the corrected value above the original 

and crossing put the original in such a way that 

the value is still visible. See annex 5 for the 

preliminary corrected data. 

5.3. Salt double mass analysis 

In the salt double mass analysis the salt loads 

of nearby located catchment areas are compared. The 

purpose of the comparison is two-fold: detection of 

the possible occurence of exchange of watersamples 

and a check on the preliminary corrections in dis

charge, electrical conductivity, sodium and chloride 

concentrations that have been applied previously. 

For the mutual comparison use has to be made of the 

electrical conductivity, the sodium load and the 

chloride load. The last two parameters can be defined: 

LNa " Q IN<1 
and 

Lc l - Q [CI] 

(5-18a) 

(5-18b) 

-1 where L - Na-load in eq.s 
. 3 - 1 Q - discharge in m .s 
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[Na] » Na concentration in meq.1 

L . - Cl load in eq. s 
-1 

[Cl] • Cl concentration in meq.1 

The actual double mass analysis has to be done by 

employing enveloping curves parallel to the power 

curve: 

EC. - a (EC.) E 

j e l 
b 

Na j n. Na i 

and , 

(LCl>i • ac { ( LCl)i> C 

where: 

(5-19a) 

(5-l9b) 

(5-19c) 

a , a , a , b , b , and b are regression constants 
e' n' c' e' n* c a 

j and i are the subscripts for the measurement point 
identification 

If one, or both of the measurement points i and j 

is an irrigation pump station the discharges do not 

necessarily have to be correlated and in this case 

the sodium and chloride concentrations have to be 

used in equation (5-19) without multiplication with 

discharge according to equation (5-18). 

For the estimation of missing water quality data use 

can be made of the EC-EC relation (5-19a) and the 

EC-Na (5-15a) and EC-C1 relation (5-17). Assuming 

for the other ions in the drainage water a constant 

ionic distribution with respect to the preceding and 

succeeding data of measurement the following re

lation can be used for the ionic concentration: 

J d - l l Jd+1 L Jd-1 L Jd+1 

where: 
(5-20) 

[i], is the estimated concentration of the ion in 
question 

(i - Ca2 +, Mg2 +, K+, C C y HC0~, H+) for the 

the measurement date d in meq.1 

[i] • measured concentration of ion i for the Jd-1 preceding measurement date 

[i] , ." concentration of ion i on the succeeding 
measurement date 

It should be kept in mind that the [H ] is related 

to the pH: 

[H ] - 10 "PH (5-21) 

where: pH - acidity 

The complete procedure for the salt double mass 

analysis and the estimation of missing water quality 

data is as follows (see also example 5-8): 

I. Prepare for the measurement points, that have to 

be compared according to annex 4 and for which 

the preliminary corrections in discharge and 

water quality have been applied, a list with the 

date of measurement, the EC of both points, and 

the Na- and Cl-loads of both points. Indicate for 

each item and for each date for each point with 

an astrix (*) if a preliminary correction has been 

applied in the EC, the Na- or Cl-concentration, or 

in the discharge. See table 5-5 in example 5-8. 

2. - Prepare a plot of EC. against E C Distinguish 

between the (EC, EC) data pairs for which no 

corrections have been made and the preliminary 

corrected values (see fig. 5-16). 

Identify the (EC, EC) data pairs that are far 

outside the 'normal' range of data scatter in 

the points. It is likely that for these points 

an exchange of water samples between different 

measurement points has occurred. Label 

these points by giving them a number, both in 

the list (see table 5-5) and in the plot (see 

fig. 5-16). 

- Prepare next a plot of (L„ ) . against (L^ ) . . 

Distinguish between the data pairs with and 

those without corrections (see fig. 5-17). Iden

tify the data pairs that are far outside the 

'normal' range of data scatter. Label these 

points by numbering in the list and in the plot. 

- Prepare a plot of (L r l )- against (L-.).. Dis

tinguish between the data pairs with and those 

without preliminary corrections (see fig. 5-18). 

Identify the data pairs that are far outside the 

normal range of data scatter. Label these points 

by numbering in the list (see table 5-5) and in 

the plot (see fig. 5-18). 

3. Use the data pairs in the list (see table 5-5) ex

cluding the unreliable data pairs identified in 

one or more of the plots to establish the power 

curve relationship between the EC's and the Na-

and Cl-salt loads of the measurement points that 

have to be compared. Draw the power curve in the 

plots and draw parellel to these curves enveloping 

curves enclosing the data pairs for which no pre

liminary corrections have been applied (with pos

sible exception of the data pairs identified as 

unreliable). See figs. 5-19, 5-20 and 5-21. Record 

the regression constants of the EC-EC relation in ' 

the figure for possible future use (see fig. 5-19). 

Identify additional unreliable data points (- pre

liminary corrected data that are outside the area 

enclosed by the enveloping curves). Number these 

data points both in the list and in the figures 

(see example 5-8). 

4. Check the unreliable data points in the EC-EC re

lationship. The points seriously deviating from 

the relation found most probably have been caused 

by the exchange of water sample bottles. 
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I£ the deviation in the EC-value is in the point 

that will not be involved in further data checking 

the whole analysis may be estimated following the 

next steps: 

- calculate the EC from the EC-EC relation 

- calculate the Na and CI concentration using the 

EC-C1 and EC-Na relations derived for the 

measurement point in question. 

- check whether the Na-load and Cl-load according 

to this estimated concentrations is within the 

area enclosed by the enveloping curves. 

- calculate the other ions using equation (5-20) 

and the pH using equation (5-21). 

If the deviation in the EC-value is obviously in 

the point that will be involved in further data 

checking (see annex 4) it can be maintained as it 

is here, and it will be corrected in the next 

mutual cross-check. 

5. Check the preliminary corrected data that are out

side the area enclosed by the enveloping curves. 

Check whether the original (un-corrected) data 

would move the data point in question closer to 

the relation found (see example 5-8). If so, the 

preliminary correction has to be removed and the 

original data have to be used. 

6. Record the estimated data on the calculation sheets 

replacing the wrong data and restore the original 

values for those data that have been preliminary 

corrected but for which the correction proved to 

be not allowed. 

7. Following the sequentinglist of measurement points 

given in annex 4 the finally corrected data sheets 

for the underlined measurement points are ready to 

be prepared for the data presentation. 

Example 5-8. Final data correction. 

The data used are of EB 07 and EB 08, see annex 5.4 and 5.5 

Step 1. Prepare a list of EC, L and Lr1 data (see table 5-5) 

Step 2. Prepare plots of EC-EC; L -L ; and Lcl
-I<cl (see figs. 5-16, 5-17, 5-18) 

Indentify and label unreliable data points far outside the normal range in these plots: points 1 and 2 
in fig. 5-16 and 3, 4 and 5 in fig. 5-18. 

ECg (mmho.cm ) 

2.5 r 

Date 

20/12 
6/01 

27/01 
10/02 
25/02 

9/03 
23/03 
13/04 
20/04 

4/05 
26/05 
3/06 
15/06 
29/06 
16/07 
31/07 
18/08 
22/09 

4/10 
27/10 
11/11 
24/11. 

7/12 
25/12 

7/01 

EC, 
7 

1.02 
1.18 
1.46 
1.45 
1.79 
1.17, 
1.28 
1.16 
1.12 
1.22 
1.00 
1.07 
1.04 

1-13. 
1.36 
1.04 
1.02 
1.06 
1.13 
1.15 
1.16 
1.66 
1.47 
1.40 
1.27 

EC„ 
8 

1.04 
1.16 
2.21 
1.70 
1.02 
1.14, 
1.37 
1.22 
1.16 
1.21 
1.04 
1.10 
1.11 
1.11, 
1.29 
1.09 
1.13 
1.11 
1.15 
1.15 
1.18 
1.67 
1.61, 
1.32 
1.44 

K, 
Na. 

211 
156 
173 
103 
406 

37. 
184 
126, 
122 
138, 
69 

101 
106 
110 
211 
143, 
114 
168 
149 
75 

161 
181 
116 
303 
147 

K, 
Na8 

1", 
126 
135 
176 
-
66 

224 
111 
104 
62 
80 
92 

126 
115 
188 
136 
112, 

• 6 1 . 
124. 
H I . 
87 

165, 
187 
259 
219 

L„, 
C17 

173 
110 
173 
95 

325 
132, 
95 

'24, 
89 

105. 
79 

83. 
72 

129 
166 
133, 
103 
137 
127 
127 
151 
110, 
190 
177 
91 

L„, 
C18 

189, 
129 
151 
149 
-
93 
94. 
99 
87 
69 
89 
97 

• 114 
102 
125 
133 
133, 
134, 
130, 

" I . 
117 
'24. 
110 
84. 

222 

Identi
fication 

1 

2 

6 

4 
5 
3 

* Preliminary corrections of EC, [Na], [CI], or 
Q have been applied 

Table 5-5. List of EC, Na-load and Cl-load data pairs 
EB 07 and EB 08 

2.0 

1.5 

1.0 

0.5 

* * • 

• no corrections applied 
o preliminary corrected 
•2 far outside normal range 

0 0.5 1.0 1.5 2.0 
EC^ (mmho.cm') 

Fig. 5-16. EB 07 and EB 08, EC-EC plot and unreliable 
data points 
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L N a 8 ( e q s _ ) 
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I I I 
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L N a 7 ( ^ S " 1 } 

L c l 8 teq.s-

200 r 

150 

100 

50 

• o 
o o 

• no corrections applied 
o preliminary corrected 

•5 far outside normal range 

X 
50 100 150 200 

La 7 (eq.s ' ) 

Fig . 5-17. EB 07 and EB 08, L„ -L„ p lo t 
° Na Jva 

F ig . 5-18. EB 07 and EB 08 , L - L . . p lo t and unre
l i a b l e da ta po in t s 

,0.977 „2 
Step 3. Power curve relationship: ECR « 1.03 (EC7) ' , R » 0.87 

0 529 2 
9.40 (L.. ) u o , R = 0.41 

N a8 Na7 o 427 2 
Lci8 -

14-96 <Lci7> • R - °-21 

Draw the power curves in the plots and draw enveloping curves (see figs. 5-19, 5-20 and 5-21). 
Identify additional unreliable points in these plots: point 6 in fig. 5-19. 

EC,, Immho.cm"1: 
2.5 

1.0 1.5 2.0 
EC-, (mmho-cm"'} 

Fig, 5-19. EB 07 and EB 08,EC-EC relation with en
veloping curves and unreliable data points 

L^leq.s-1 

200 

150 200 
Lcl7{eq.s') 

Fig. 2-21. EB 07 and EB 08, Cl-load relation with 
enveloping curves and unreliable data 
points 

100 200 300 
LNo7(eq.s<> 

Fig. 5-20. EB 07 and EB 08, Na-load relation with en
veloping curves and unreliable data points 
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Step 4. Check the EC-EC relation with respect to the seriously deviating data pairs 

- point 1 is seriously deviating in the EC-EC relation. 
Checking annex 5.4 and 5.5 for the measurement date of 27/01/80 it can be seen that the measurement 
of EC at EB 08 was considered too high in relation to the EC„ calculated based on the chemical com
position. The point has not been corrected in the water quality data checking procedures indicating 
that the evidence for correction EC, Na or CI concentration is conflicting. Most probably (part of) 
the water samples has been exchanged and the water quality data for EB 08 on 27/01/80 have to be 
estimated. 
According to annex 4.2.1 EB 08 will be used again in mutual data comparison with EB 09 and with EB 11. 
Therefore the estimation of these data is postponed till the measurement point will be compared 
with EB 11. 

- point 2 is seriously deviating in the EC-EC relation. 
Checking annex 5.4 and 5,5 for the measurement date of 25/02/80 no deviations are found. 
Based on the electrical conductivity behaviour of EB 06 and EB 11 it becomes clear that on 25/02/80 
the effect of the winter closure period has vanished already (date not given in this report). 
Consequently the water quality data for EB 07 have to be estimated. 
The EC is calculated from the EC-EC relation: ... ... ... 

E C 7 •(TÏÏÏJ) " 0.99 
The Na concentration from the EC-Na relation (see example 5-7) 

.0.99 
(0.635 
,0.99 .1/0.397 

Na " <7wP5T ) " 3-' 

and the CI concentration from the EC-ci relation" 

« - ,0^9.1/0.335 . 2 4 Ci V742 ; l'* 

On the preceding date 10/02/80 the sum of Na+Cl » 11 (see annex 5.4) 
On the succeeding date 9/03/80 the sum of Na+Cl - 5.5 

Application of equation (5-20) gives: 

Ca - 4 j , * I ' ] (3.1 + 2.4) - 3.3 

M „ . 3-3 1- 5.2 , fi Mg j-g-j- 5.5 - 2.8 

K - (0.2 + 0.2) 0.32 - 0.1 

HC03-(7.4 + 5.2) 0.32 - 4.2 

4 
2.7 

pH - - log {(10"7'6 + 10~7,7) 0.32} - 7.8 

To check the interpolated data the HP 97 programme 'Water quality processing' is used: 

SAR - 1.8; adj. SAR - 4.1; RSC - 0.0; ECC - 0.90; TDS - 650 
The interpolated EC value is thus in agreement with the interpolated chemical composition. 

- On 23/03 the pH has not been measured 
By interpolation: pH - - log{(10_7-7+ 10"7.5 ) x 5+io"1" J " 7-5 

The estimated data are recorded on the calculation sheet (see annex 6.3) 

Step 5. Check the preliminary corrected data outside the area enclosed by the enveloping curves. , 

- EC-EC relation (fig. 5-19) 
+ point 5, measurement date 25/12/80; the EC of EB 08 has been preliminary corrected. 

The original value was 1.55 (see annex 2.5.2). Using this value point 5 moves to within the 
enveloping curves in fig. 5-19. 
Conclusion: correction of EC of EB 08 on 25/12/80 has to be deleted. 

+ point 6, measurement date 16/07/80; the EC of EB 07 and EB 08 have been prelimenary corrected. 
The original values were 1.20 for EB 07 (see annex 2.4.2) and 1.13 for EB 08 (see annex 2.5.2). 
Using both original values the point moves but stays an equal (small) distance below the lower 
envelope of fig. 5-19. 
Conclusion: the corrections of EC of EB 07 and EB 08 on 16/07/80 can be maintained. 

- L„ -L„ relation (fig. 5-20) 
Na Na 

+ no points outside the enveloping curves 
- L

C 1
_ L

C 1 relation (fig. 5-21) 

+ point 3, measurement date 7/01/81; the LQI of EB 08 has been corrected. According to annex 5.5 
the CI concentration of EB 08 has been prelimenary corrected. The original CI concentration was 
3.5 (see annex 2.5.2). Using the original CI concentration 3.5 and multiplying with discharge 
(28.50; annex 5.5) a CI load of 100 can be calculated. Using this value point 3 moves well within 
the area enclosed by the enveloping curves in fig. 5-21. 
Conclusion: the correction of CI concentration of EB 08 on 7/01/81 has to be deteted. 

The original values for the preliminary corrections that have to be deleted can be recorded on the 
calculation sheets by rubbing out the correction that was written above the original value. 

The data of EB 07 are now fully checked and ready for data presentation. 
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6. DATA PRESENTATION 

After checking and cross-checking of the data 

following the procedures described in the previous 

chapter the data are ready for data presentation. 

The organisation of the data in the yearbooks 

will be area-wise. A main report describing the data 

collection and processing methodology and including 

a preliminary analysis of the data that are collected 

should be written. In appendices to this main report 

the processed field data as well as the calculated 

average discharge and water quality parameters will 

be presented.For each subarea (Fayum, Eastern Delta, 

Middle Delta, and Western Delta) such an appendix 

should be prepared. For the detailed and monthly pres

entation the appendix should be organized catchment 

area-wise. 

The detailed data presentation serves users of 

the yearbooks with scientific intersts as well as 

the Ministry of Irrigation for its planning of the 

reuse of drainage water (water quality). The monthly 

presentation is intended for project planning purposes 

(Ministry of Irrigation). 

The presentation of stage - discharge curves, 

water quality curves and double mass curves is for 

internal purpose of DRI mainly. Once available, 

these relationships may be used to check and cross

check the collected data immediately after field col

lection. Because it is anticipated that the (empiri

cal) relationships may gradually change with time, it 

is recommended to use the most recently found rela

tionships for this purpose (i.e. use the relationships 

of 1980 for the data of 1981. 

The following general procedures have to be fol

lowed for the data presentation: 

1. Prepare a table with measurement results of the 

data collected during the observation year. Use 

the corrected data. For measurement dates, for 

which corrections have been applied to the concen

trations of cations and/or anions the SAR, adj. 

SAR, RSC and TDS have to be calculated using the 

HP 97 programme 'Water quality data processing'. 

See chapter 6.1. 

2. Prepare a graph of discharge and salinity TDS and 

a graph of the sodium hazard, SAR and adj. SAR 

against time using the data of the observation 

year. See chapter 6.1. 

3. Calculate the periods between successive measure

ments and between measurements and the first day 

of each month. The HP 97 programme 'Periods' can 

be used for this purpose. See chapter 6.2. 

A. Calculate the interpolated values of discharge 

and concentration for the first day of each month. 

The HP 97 programme 'Interpolation' is available 

for this purpose. See chapter 6.2. 

5. Calculate the monthly average values of discharge 

Q, and cation and anion concentrations using the 

HP 97 programme 'Monthly average'. Check for each 
2-

month the average SO, concentration against the 

concentration calculated as the difference between 

cations and other anions. If for the calculation 

of weighted average water quality data the dis

charge is not available (has not been measured 

for some period), discharge data from the pre

vious observation year should be used as weights. 

See chapter 6.2. 

6. Calculate the yearly average values of discharge 

and cation and anion concentrations using the 
2-

HP 97 programme 'yearly average'. Check the SO 

concentration. If for some months no data have 

been collected on water quality and/or water 

quantity use data of the previous observation 

year for the calculation of the yearly average 

and indicate with an asterix (*)if this has been 

the case. See chapter 6.3. 

7. Record the results on the table with monthly 

averages. Do not record the data used from the 

previous observation year either for the calcu

lation of average concentrations, nor for the 

calculation of the yearly averages. Use the HP 97 

programme 'Water quality processing' for the calcu

lation of SAR, adj. SAR, RSC, EC and TDS and re

cord the results in the table. 

8. Prepare per catchmant area a table with the year

ly average discharge (salinities and cation and 

anion concentrations. See chapter 6.3. 

9. Prepare graphs for the pertinent empirical re

lationship using the checked observations of the 

observation year. This includes: 

float - pendulum relation 

- depth - discharge relation 

- EC - Na relation 

- EC - CI relation 

- EC - EC relation 

- depth - depth relation 

- discharge - discharge relation 

Construct the enveloping curves for these re-_ 

lations following the procedures given in chapter 
6.5. 

6.1.Detailed data presentation 

The detailed data presentation will be in tables 

and in figures. In the tables the following data will 

be included (see annex 7 for examples): 

- measurement date, format dd/mm, where dd is the 

day number and mm the month number, for open 
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drains and for pump stations with monthly discharge 

data. For pump stations where the discharge is 

known per decade the decade itself may be used 

instead of the measurement date (see annexes 

7.7.1. and .8.1). The decade is indicated with 

the first three letters of the month and a Roman 

numeral I, II of III for the first, second and 

third decade of the month. 

- water depth D in m, format D.DD, for open drains. 

If for pump stations discharges are known per 

decade and if suction head data have also been 

collected in this column the average suction head 

A H in m, format H.HH should be presented. 
3 -1 

- discharge Q in m ,s , format QQQ.QQ. For pump 

stations where the discharge is known only as the 

monthly total this column is left open, 

electrical conductivity EC in mraho.cm , format 

EE.EE . 

- total dissolved solids TDS in ppm (= mg.1 ) , cal

culated from the ionic composition of the drainage 

water, format SSSSO. 

- acidity pH, format P.P . 
1/2 -1/2 

- sodium hazard SAR and adj. SAR in mmol .1 , 

calculated from the ionic composition of the 

drainage water, format SSS.S. 

- residual sodium carbonate RSC in meq.1 calcu

lated from the ionic composition of the drainage 

water, format rrr.r. 
2+ 2+ 

concentration of cations and anions, Ca , Mg , 
Na+. K+. COj", HCO~, SO^~and Cl~, in meq.l"1, 

format ccc.c. 

Two figures have to be prepared, one with the 

discharge Q and the salinity TDS and one with the 

sodium hazard SAR and adj. SAR. By chosing the scale 

of these figures conveniently both figures can be 

presented together on one page A 4 size. The water 

quality parameters TDS, SAR and adj. SAR can be 

connected by straight lines in the figurés. 

For open drains also the discharge measurements can 

be connected with straight lines. For pump stations 

the discharge curve takes the form of a block dia

gramme. See annex 7.6.1, 7.7.1 and 7.7.2 for examples. 

The complete procedure for the detailed data 

presentation is as follows: 

1. Record the checked data from the calculation 

sheets (see annex 6) of depth, discharge, EC, pH, 

cation and anion concentrations on the table for 

detailed data presentation according to the re

quired formats. Include the date of observation. 

Take care of the following points: 

- omit the data of other observation years that may 

be included on the calculation sheets(see annexes 

6.5, 6.6, 6.7 and 6.8 and compare with annexes 

7.5.1., 7.6.1, 7.7.1 and 7.8.1 respectively). 

-omit the column with depth and discharge for pump 

stations if the discharge is known on monthly 

basis (see annex 7.6.1.). 

-include the decades during which no water quality 

measurements have been performed for pump stations 

if the discahrge is known per decade. In this case 

only the columns with date (indication of the de

cade), depth and discharge are used (see annexes 

7.7.1 and 7.8.1). 

- for pump stations where discharge and suction 

head are known per decade: fill in the average 

suction head in the depth column (no examples can 

be given here). 

-indicate with an asterix (*) if data have been cor

rected or estimated. 

2. For the measuring dates for which corrections in 

the cation and/or anion concentrations have been 

applied or dates for which the TDS, SAR, adj. SAR 

and RSC have not been recorded on the calculation 

sheets (see for example annex 6.1, measuring dates 

23/01/80, 25/07/80 and 17/12/80) calculate these 

paramaters using the(corrected)concentrations with 

the HP 97 programme 'Water quality processing' and 

record the results on the table for detailed data 

presentation. For the remaining measuring dates the 

previously (chapter 4.2) calculated parameters TDS, 

SAR, adj. SAR and RSC values can be taken from the 

calculation sheets and recorded on the table for 

detailed data presentation. 

3. Prepare the additional information that should ac

company the table in the annex. This additional in

formation should include (if applicable) the fol

lowing items; 

- observation year 

- catchment area 

- name and code of the measurement point 

- water depth - Hm relation (see calculation sheets) 

- pendulum constant C used for the final calcu

lations 

- float constant c' used for the final calculations 

- number of calibration measurements used for the 

calculations 

- Q-D or Q-AH calibration relation, if the point can be 

can be considered fully calibrated (see chapter 

4.3.1 and 4.3.2). 

4. Copy the table and transfer the original to the 

typist for typing. 

5. Prepare the horizontal and vertical (discharge left 

vertical axis and TDS right vertical axis) for the 

discharge and salinity figures. Take for the horizon

tal axis 12 cm; each cm representing 1 month; each 

mm representing 3 days. The length of the vertical 
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axes depends on the maximum value of discharge and 

that of TDS. Taking the maximum length for the ver

tical axes 12 cm (2 figures can still be drafted 

on one A 4 page) and defining the vertical axes 

graduation for easy plotting as powers of 10 mul

tiplied with 1, 2 or 5, the following steps have 

to be followed for the axes preparation: 

- take the maximum discharge value during the ob

servation year and divide by 12; 

- round this value to the nearest higher value of 

1, 2 or 5 * 10 ; this is the graduation of the 

vertical Q-axis; 

- divide the maximum discharge by this rounded 

number; this gives the minimum required length 

of the vertical discharge scale in cm; 

- repeat the above steps for TDS; 

- the length of the vertical axes follows now from 

the maximum of the minimum required lengths for 

..„discharge and TDS. 

Taking the data in annex 7.1.1. as an example: 

- Q - A.83; divide by 12 : 0.40 
m a x 3 -] 

- round off: 0.50; 1 cm represents 0.50 m .s 

- divide Q by 0.50: 9.66; minimum length ver

tical scale 10 cm 

- TDS - 3290; divide by 12: 27A.17 
max 

- round off: 500; 1 cm represents 500 ppm 
- divide TDS by 500: 6.58; minimum length ver-

max ' 

tical scale 7 cm 

- length vertical axes: maximum of 10 and 7 cm: 

10 cm (see fig. A7-1). 

6. Plot the discharge and salinity data in the figure 

using different symbols for both. Include the last 

measurement of the preceding observation year and 

the first measurements of the succeeding obser

vation year (outside the area enclosed by the 

axes) for interpolation purposes (see next step). 

7. Connect the plotted points by straight lines (linear 

interpolation). Take care of the following points: 

- for pump stations the discharge is assumed to be 

constant during the period for which discharges 

are known resulting in block diagrams (see annex 

7 for examples); 

- connect the first measurement of the observation 

year with the last measurement of the previous 

observation year but stop the line at the Q axis. 

Then remove the observation of the previous year 

from the figure. Do the same with the last 

measurement of the observation year and the first 

measurement of the next observation year; 

- if during 2 consecutive months, or longer, no 

measurements have been collected, do not connect 

the measurements of before and after this period 

with straight lines (see figs A7-27, A7-33, A7-37 

and-A7r41 in annex 7). 

8. Repeat steps 5,6 and 7 for the sodium hazard figure. 

Since always the adj, SAR is found greater than 

the SAR the determination of the length of the 

vertical axes (SAR left axis and adj. SAR right 

axis) can be done using the maximum adj. SAR value 

during the observation year. The graduation of 

both vertical axes will then be equal. 

9. Copy the A4 paper with the two figures and transfer 

the original to the drawing office. 

6.2. Monthly averages 

For the calculation of the monthly average it 

will be assumed that the discharge varies linearly 

with time between two successive measurements. For 

the calculation of monthly average concentrations it 

is assumed that the load of the ion in question var

ies linearly between successive measurements. The 

formula for the monthly average discharge is as fol

lows: 
N Q. , + Q. 
I J1±J JLP 

• I 2 i 
Q . ÎZ _ (6_,) 

Z P. 
i-1 * 

where : 
— 3 - 1 
Q « average discharge in m .s 
N « number of periods between measurements and in

terpolations in the month for which the average 
is calculated 

3 -1 
Q. - measured or interpolated discharge in m ,s 
P. » period in days 

At pump stations the average monthly discharge 

is calculated by'dividing the total volume of water 

pumped by the number of days during this month. For 

pump stations with monthly data this has been done 

already during the data processing stage. For pump 

stations with discharge data per decade the average 

discharge can be calculated as the weighted average 

of the decade averages and equation (6-1) reduces to: 

5
 10 Qi * Qn * piiiQm 

Q ,n + p (6-1 a) 20 • P n I 

where: Q - average discharge in decade I 

Q I T • average discharge in decade II 

Q T T T " average discharge in decade III 

PJJJ - number of days (8, 9, 10 or 11) during 
decade III 

The average concentration is calculated with: 

I Qj+i ci+. * V i p 

c-i=L 
_ N 
Q Z P. 

i-1 x 

(6-2) 

Where: 

C • average concentration in meq.1 

C. - measured or interpolated concentration in meq.1 -1 
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The pH, being defined as the negative logarithm 

of the H concentration should be converted to con

centration before calculating the average: 

[H+] - ! 0 " p H (6-3a) 

and after calculation the average pH is found: 

pH - - log [H+] (6-3b) 

where: pH » average pH value 

The interpolated values of discharge and concen

trations can be calculated with the equations: 

Q2 - 0, 
«I " Qi + T^TT, pl (6"4) 

for discharge, where: 
3 -1 

QT « interpolated discharge in m .s 

Q. - last measurement preceding the date for which QT 

is calculated(first day of the month)in m^.s - ' -

Q. » first measurement succeeding the date for which 
Qj. is calculated in m-^.s""1 

P. • period, in days, between last preceding measure
ment and first day of the month 

P. • period, in days, between the first day of the 
month and the first succeeding measurement 

At pump stations the discharge is considered con

stant during the periods for which discharge data have 

been collected. For the date of interpolation there

fore the interpolated discharge can be approximated by 

the average of the average discharge of the preceding 

period and the average discharge of the succeeding 

period and equation (6-4) reduces to: 

Q, + Q2 

(6-4a) 

For concentrations (linear interpolation of the 

load) the following formula is valid: 

Q2c2 + Q,c 

q .v \ \ + P2
 p. 

Qx
 ( 6 - 5 ) 

where: 

C. " interpolated concentration of the ion in 
question in meq.1-' 

C. and C. - concentrations measured during the pre
ceding respectively succeeding data in 
meq.1-' 

The calculation of the periods P. in between two 

measurement dates can be facilitated by using the 

Julian Day Number*: 

J- Int(365.25 y') + Int (30.6001 m*) + (6-6) 

d + 1720982 

where: 

J » Julian Day Number 

Int( ) » integer function; takes the integer of the 
expression in between brackets 

y' - y-1 if m « 1 or 2 

y if m > 2 

y « year number (A.C.) 

m • month number (January » 1, February » 2,etc.) 

m' - m + 13 if m - 1 or 2 

m + 1 if m > 2 

The period length P between two dates can then 

be calculated as the difference between the two 

Julian Day Numbers: 

P - J2 - J, (6-7) 

* The Julian Day Number is an astronomical convention 
representing the number of days since January 1, 
4713 B.C. 

Three HP 97 programmes have been prepared to facili

tate the calculation of the monthly averages. 

Equations (6-6) and (6-7) have been programmed for 

the HP 97 calculator: programme 'periods'. The fol

lowing subprogrammes (key board controlled) are dis

tinguished (see annex 8.4 for the programme listing 

and user instructions): 

LBL a. In this subprogramme the constants for equa

tion (6-6) are stored (initialization of the main 

programme). 

LBL A. This is the main programme. The measurement 

date is read, the Julian Day Number calculated, and 

after the second data entry the period length in 

days is printed. The input format of the date is as 

follows: dd.mmyy, where dd is the day number of the 

month, mm is the monthnumber (01 for January, 02 for 

February, 03 for March, etc.) and yy is the last two 

digits of the yearnumber. 

Examples: January 22, 1979, input format: 22.0179 

November I, 1982, input format: 1.1182 

Due to the input formatting the programme is valid 

till December 31, 1999 only. 

Equations (6-3), (6-4) and (6-5) have been program

med for the HP 97 calculator: programme 'Interpolation'. 

The following subprogrammes (key board controlled) are 

distinguished (see annex 8.5 for the programme listing 

and user instructions): 

LBL a. In this subprogramme the period length in days 

from the last preceding date till the interpolation 

date P. and from the interpolation date till the first 

succeeding date P. are read and stored. 

LBL A. This is the main programme for the calculation 

of the interpolated discharge. The discharges Q. and 

Q. are read and stored and the interpolated discharge 

QT is calculated (equation 6-4), stored and printed. 

LBL b.In this subprogramme flag 1 is set for the 

calculation of the interpolated pH value. 

LBL B. This is the main programme for the calculation 
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of the interpolated concentration according to equation 

(6-5). The programme tests for the status of flag 1 and 

if set it will apply equation (6-3a) on the input data 

(pH) before calculating the interpolated value and equa

tion (6-3b) on the result to convert the H concentration 

back to pH. The concentrations C. and C, (or pH. and pH.) 

are read and the interpolated concentration is calculated 

and printed. 

LBL Ç. In this subprogramme the interpolated discharge 

QT is stored in the calculator. This subprogramme is 

used for pump stations; in this case QT is calculated 

by hand according to equation (6-4a) and entered in 

the calculator after executing LBL A. 

The equations (6-1), (6-2) and (6-3) have been 

programmed for the HP 97 calculator programme 'Month

ly average'. The following subprogramms (key board 

controlled are distinguished (see annex 8.6 for the 

programme listing and user instructions): 

LBL a. In this subprogramme the registers are initia

lized and the number of periods distinguished in the 

month for which the averages are calculated is read 

and stored. 

LBL A. In this subprogramme the length of the pe

riods P. are read and stored in the pertinent registers. 

A maximum number of 6 periods P. can be stored. 

LBL b. This subprogramme is executed after the main 

programme for discharge LBL B if the measurement 

point is a pump station. If discharges are known on 

a monthly basis, the average monthly discharge is 

read and stored in the calculator. If discharges are 

known per decade, the monthly average discharge has 

to be calculated by hand (equation 6-10), read and 

stored in the calculator. 

LBL B. This is the main programme for calculating 

the average discharge. The discharge Q. are read one 

by one, stored in the registers and the average dis

charge is calculated according to equation (6-1) and 

printed. 

LBL c. This subprogramme has to be executed before 

calculating the average pH in LBL C. In this case 

flag 1 is set as a signal that equation (6-3a) has 

to be applied before calculating the average and 

(6-3b) before printing the result. 

LBL Ç. This is the main programme for calculating 

the average concentration. The concentrations C. 

are read one by one, stored in the registers and the 

average concentration is calculated according to 

equation (6-2) and the result printed. The program

me tests if flag 1 is set and if so (calculation 

average pH) equation (6-3a) is applied on the input 

(conversion of pH to concentration) and equation 

(6-3b) on the output (conversion of concentration 

to pH). 

The complete procedure for the calculation of 

the monthly average is as follows: 

1. Fill in any gaps in the calculation sheet in the 

discharge column for those dates that no dis

charge measurements have been made but only water 

quality measurements. Take (interpolated) data 

from the previous observation year. In this re

port this was not possible because 1980 has been 

the first year of observation. In annex 6.5 for 

example data on discharges of 1981 have therefore 

been used. 

2. Calculate the periods P. between measurement dates 

and between measurement dates and the first day 

of each month. Start with the last measurement 

date of the previous observation year and con

tinue until the first measurement date of the 

next observation year. Record the periods P. on 

the calculation sheet in the second column behind 

the measurement date (see for example annex 6.1). 

Use for the calculations the HP 97 programme 

'Periods' and follow the user instructions given 

in annex 8.A. 

3. Calculate the interpolated Q , pH., and C- values. 

Use for the calculations the HP 97 programme 

'Interpolation' and follow the user instructions 

given in annex 8.5. Calculate per interpolation 

date in the following sequence: 

- discharge QT; for pump stations Q should be 

taken as the average of the discharges during 

the preceding and the succeeding period (eq. 

6-Aa). Record QT on the calculation sheet. 

- acidity pH and concentrations of Ca, Mg, Na, 

K, CO., HCO, and CI. Record the results on the 

calculation sheet. 

- calculate the SO, concentration as the differ-
4 

ence between cations and anions: Ca + Mg + Na 

+ K - (CO. + HCO, + Cl). Record the result on 

the calculation sheet. 

- calculate the interpolated SO. concentration 

using the HP 97 programme and check if the 

result differs from the SO, concentration calcu

lated as the difference between cations and 

anions. If the difference between both is more 

than 0.2 meq.1 a mistake in the data entry in 

one of the previous calculations can be suspec

ted and the calculations should be repeated. 

Taking the interpolation of data for WE 10 (see 

annex 6.7) for 01/03/1980 as an example (following 

the instructions given above and the user instruc

tions for programme 'Interpolation' in annex 8.5): 

- read card with programme 'Interpolation' 

- P, - 5; ENTER+; P, - 11; press f A 
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- Q - 1.86; ENTER; Q - 2.60; press A; prints 

Q - 2.09 

- the measurement point is a pump station; there 

fore equation (6-4a) has to be applied: 

Q - 1.86; ENTER-f; Q. - 1.42; press +; press *; 

displays 0- - 1.64; press C (to store Q . ) ; 

Record QT • 1.64 on the calculation sheet 

- press f B (for the calculation of pH) 

- pH - 6.9; ENTER +; pH - 7.7; press B; prints 

pHj. - 7.0 

- Ca. - 6.5; ENTER t; Ca, « 6.8; press B; prints 

Caj - 8.4 

- Mgj « 11.4; ENTER +; Mg2 - 13.2; press B, 

prints Mg- « 15.4 

- Na - 44.0; ENTER +; Na, - 60.0; press B; 

prints Na - 64.0 

- K - 0.6; ENTER +; K - 1.0; press B; prints 

Kx - 1.0 

- HCO - 5.0; ENTER +; HC03 - 5.0; press B; 

prints HCO. - 6.4 

- Clj » 50.8;ENTER +; Cl2 - 61.4; press B; 

prints Cl_ - 70.0 

- Ca - 8.4; ENTER +; Mg - 15.4; press +; Na -

64.0; press +; Kj » 1.0; press +; HCO. « 6.4; 

press -; C1T » 70.0; press -; displays SO, • 

12.4 (SO, concentration calculated as differ

ence between cations and anions). Record on the 

calculation sheet 

- SO - 6.7; ENTER t; SO - 14.6; press B; 

prints SO. » 12.5. The difference between both 
4 -1 

interpolated values is 0.1 meq.1 , indicating 

that no mistakes have been made with the data 

entry. 

4. Calculate the monthly average discharges Q, 

pH and concentrations and record the results 

on the tables for monthly data presentation 

(see annex 7). Use the HP 97 programme 'Month

ly average' and follow the user instructions 

given in annex 8.6. If for one month 'no measure

ments have been performed, only the interpolated 

values are used for the calculations (see for 

example the month August for FB 03 and FB 04; 

compare annexes 7.1.1 and 7.2.1 with 7.1.2 and 

7.2.2.). If for two or more consecutive months 

na data have been collected no data should be re

corded in the table for monthly data presenta

tion for these months. Never record data of pre

vious observation years in the tables! 

If for a certain period no discharge data are 

available, but only water quality data have been 

collected, the (interpolated) discharge data of 

the previous observation year can be used as weights 

for the calculation of average water quality 

data. Do not record the average discharges calcu

lated in the table in this case! 

The calculations should proceed in the same se

quence as discussed in step 3 for the interpo

lation. 

Taking the calculation of the averages for WE 10 

for the month March as an example (input data in 

annex 6.7; results in annex 7.7.2; following the 

user instructions for programme 'Monthly average' 

in annex 8.6): 

- read card with programme 'Monthly average' 

- N (number of intervals) » 3 (see annex 6.7); 

press f A (initializes programme) 

- P. » 11; press A; P, - 12; press A; P. - 8; 

press A (storing of P. in the calculator memory) 

- Q. » 1.64 (interpolated value on 01/03; press 

B; Q. - 2.60; press B; Q. - 5.64; press B; Q, 

• 5.03 (interpolated value on 01/04); press B; 

prints Q - 3.72 

- WE 10 is a pump station and the Q calculated 

with LBL B is not correct (equation(6-la) has 

to be applied instead): 

10 ENTER t; Q - 1.42; press x; 10 ENTER; Q 
II 

2.60; press x; press +; P 
III 

11 ENTER; Q 
III 

5.64; press x; press +; 20 + P T T T • 31; press f 

displays Q - 3.30; press f B (stores Q - 3.30 in 

the calculator memory) 

- Record Cj » 3.30 on the table with monthly averages 

(see annex 7.7.2) 

- press f C (for the calculation of pH) 

pH » 7.0; press C; pH. 7.7; press C; pH. - 7.2; 

press C; pH, » 7.3; press C; prints pH 

Record average pH 

Ca » 8.4; press 

4.5; press C; Ca 

Ca » 8.4; press C; Ca. 

7.2. 

6.8; press C; Ca. » 

4.5; press C; prints Ca -

6.1. Record average Ca 

- continue with the other concentrations except SO, 

- calculate SO, as the difference between cations 
4 

and anions (SO, - 6.9) and record result (see 

annex 7.7.2) 

- calculate average SO, concentration with HP 97 

programme ' Monthly average' (SO, - 6.9) and 

check the difference. 

5. Calculate the SAR, adj. SAR, RSC, EC and TDS using 

the calculated average concentrations as input 

with the programme 'Water quality precessing' fol

lowing the user instractions given in annex 8.3. 

Record the results in the table for monthly average 

data presentation. 

6.3. Yearly averages 

The yearly averages should be reported in the 

yearbooks in two ways. First, on the tables with 

monthly averages, the yearly average should be in-
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eluded (see annex 7 ) . Second, seperate tables with 

yearly average values for discharge, salinity and 

cation and anion concentrations should be prepared 

for each catchment area. 

The yearly averages can be calculated using the 

monthly averages. For discharge the number of days 

during each month can be taken as a weighing factor: 

12 12 

Q " £ Q,P,/ 
i-1 

where: Q 

i-1 (6-8) 

average yearly discharge in m .s 

i - month number (i»l for January; i»2 for 
February; etc.) 

Q.« average monthly discharge in month i 

P." number of days during month i 

The average concentrations can be calculated 

using the total monthly discharge volume as weighing 

factors: 

12 12 
C - Z C.Q.P./ I Q.P. 

• i i i i • . * ' 

i»l i-l 

i l 
(6-9) 

-1 
where: C • average yearly concentration in meq.1 

C." average monthly concentration in meq.1 

For the calculation of yearly average pH equation 

(6-3) has to be applied as well. 

Equation (6-3), (6-8) and (6-9) have been programmed 

for the HP 97 programme 'Yearly average'. The fol

lowing (key board controlled) subprogrammes are 

distinguished (see annex 8.7 for the programme lis

ting and user instructions): 

LBL a. In this subprogramme the registers are initi

alised. 

LBL A. This is the main programme for the calculation 

of average discharge. For each month the period length 

P. and discharge Q. are read and stored in the regis

ters. After reading 12 sets of data the average dis

charge (eq. 6-8) is calculated and printed. 

LBL b. In this subprogramme flag 1 is set. It is only 

executed before the calculation of average pH. 

LBL B. This is the main programme for the calculation 

of average concentrations. For each month the con

centration C. is read and multiplied with the P.C. 

l i l 

value that has been stored under LBL A. The pro

gramme tests if flag 1 is set, and if so, applies 

eq. (6-3a) on the input (conversion pH to concen

tration) after reading the input and eq.(6-3b) be

fore printing the output. After reading 12 C. values 

the average concentration (eq. 6-9) is calculated 

and printed. 

The procedure for calculating the averages is 

as follows: 

1. Fill in any gaps in data in the table with monthly 

average data. Use data of the previous observation 

year and record them on the table using a pencil 

(before transferring these tables to the typist 

these data have to be removed again). In this 

report this was not possible because 1980 was the 

first observation year. Data of 1981 have been 

used instead (this has been the case for annexes 

7.5, 7.6, 7.7 and 7.8). 

2. Calculate the averages using the HP 97 programme 

'Yearly average' following the user instructions 

given in annex 8.7. Calculate in the following 

sequence (see also chapter 6.2): 

- calculate the average discharge and record result 

- calculate the average pH, Ca, Mg, Na, HCCL, Cl 

and record the results 

- calculate the average SO, concentration as the 

difference between cations and anions and record 

the result. 

- calculate the average SO, concentration using the 

HP 97 programme and check the difference between 

both calculations 

- if this difference is more than 0.2 meq.1 re

peat the calculation 

- if data of the previous observation have been 

used for calculating the averages, indicate this 

with an asterix (*) in the yearly average data 

(see annexes 7.5.2. - 7.8.2 for examples) 

3. Calculate the SAR, adj. SAR, RSC, EC and TDS using 

the yearly average concentrations as input with the 

HP 97 programme 'Water quality processing' following 

the user instructions given in annex 8.3. Record 

the results in the table. 

4. Rub out the data of the previous observation year 

that possibly have been used for the calculation 

of the yearly averages. Copy the table and transfer 

the original to the typist for typing. 

5. After finishing the calculations of all measurement 

points for a catchment area, prepare a table with 

average data. No such tables have been given in 

annex 7, because no complete catchment area has 

been calculated in this report. In table 6-1 the 

Measure
ment 

poir 

EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 
EH 

It 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 

32.97 1530 4.9 5.2 13.6 0.3 0.0 5.2 5.2 13.6 

46.54 1630 5.2 5.1 15.1 0.3 0.0 4.9 5.9 14.9 

Table 6-1. Average discharge and water quality data 
for the"Bahr Hadus catchment area for the 
observation year 1980 
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format of such a table is given, including the 

average data calculated for EH II and EH 13 (an

nexes 7.4 and 7.5). 

6.4. Hicro elements and nitrogen 

For some selected measurement points on a 

monthly basis nitrogen and micro elements are de

termined in the DRI laboratory. The presentation of 

these data should be in tables with the observation 

date and the concentrations in ppm (mg.1 ) . The 

heading of such tables could be as follows: 

Date NH, NO, Cu Zn Fe Mn 

Since the function of this type of data is only to 

signal if the concentration reach dangerous levels, 

there is no nead for further elaboration. 

6.5. Empirical relationships 

The empirical relationships that have been used 

for the data checking procedures (see chapter 5) 

are also useful to check wether the collected data 

are within the expected range of variation immedi

ately after data collection (chapter 2) and data 

elaboration (chapter 4 ) . For this reason these em

pirical relationships should be included in the 

yearbooks for data presentation. 

The way of presentation will be in plots (fi

gures) of the related parameters with the relation 

itself and the enveloping curves indicating the 

range of variation that can be expected. 

By limiting the maximum length of the axes 

for these figures to 12 cm, 2 figures can be pre

sented on 1 A4 page. Defining the axes graduation 

for easy plotting as powers of 10 multiplied with 

1, 2 of 5, the following procedure can be followed 

for determining the axes graduation to be used (see 

also step 5, chapter 6.1): 

- take the maximum value that has to be plotted 

and divide by 12 

- round this value off to the nearest higher value 

of 1, 2 or 5 * J0n. This is the graduation of the 

axis 

- divide the maximum value by this rounded number. 

This gives the axis length required in cm 

- repeat this procedure for the other axis. 

Generally (except for the float - pendulum relation) 

power relations are used to correlate the parameters. 

If the correlation coefficient of this power re

lation is less than 0.50, however, a linear re

lation will be considered. 

6.5.1. Discharge relations 

Two types of empirical discharge relations are 

of importance: the float - pendulum relation: 

(6-10) v- » c v 
f p p 

and the stage - discharge relation: 

Q - a D b (6-11) 

where: v, « average float velocity in the measure
ment cross-section in m.s~l 

c " pendulum constant 
_P 
v " average pendulum meter velocity in the 

measured reference vertical in m.s 

Q - discharge in m .s 

a " discharge coefficient 

D - water depth with respect to reference 
datum in m 

b • discharge exponent 

The procedure for the presentation of the em

pirical discharge relations is as follows: 

1. Prepare the axes for the vf - v plot, following 

the instructions given for the axes preparation 

(see chapter 6.5). Take vf as the vertical and v 

as the horizontal axis. 

2. Plot the (vf,v ) data pairs in the figure. Use 

only the (corrected) data of the observation year. 

3. Construct the enveloping curves by drawing straight 

lines through the origin and through the outer 

(v., v ) data pairs in such a way that all data 

points are enclosed by these lines (See annex 7; 

figs. A 7-3 and A7-17). 

4. Prepare the axes for the Q-D plot, following the 

instructions for the axes preparation. Take care 

of a possible shift in the reference datum for 

water depth (this is the case for example with 

FB 04). Take Q as the vertical and D as the hori

zontal axis. 

5. Plot the (Q,D) data pairs in the figure. Use only 

the (corrected) data of the observation year. 

6. Calculate the power relation (eq. 6-1 J) using the 

standard HP 97 programme 'Curve fitting' (press 

f E for the power curve option), If the correla

tion coefficient is less than 0.50, calculate 

the linear relation (Q - a+b D) using the HP 97 

programme (press f B for the linear regression 

option). 

7. Plot the relation found (either power or linear 

relation) in the figure and construct enveloping 

curves parallel to the relations in such a way 

that all data pairs are enclosed by these envel

oping curves. Use a french curve for the power 

relation (see annex 7, fig, A7-4, A 7-9 and A7-J8 
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for examples) and a ruler for the linear relation 

(see annex 7, fig. A 7-24). 

8. Copy the figures and transfer the original to the 

drawing office. 

In table ;>6-2N a summary of the stage - dis

charge relations found is presented. 

Measure
ment 

point 
Relation 

Regression 
coefficient 

Correlation 
coefficient 

R2 

FB 03 Q-aD" , 
FB 04 Q-a(D+0.2) 
EB 07 Q-aDb 

EH 11 Q=a+bD 

2.06 1.68 
4.49 1.84 
0.77 3.27 

-69.15 27.28 

0.96 
0.87 
0.62 
0.48 

Table 6-2. Regression coefficient of the stage -
discharge relations presented in annex 
7 

6.5.2. Water quality relations 

Two types of empirical water quality relations 

are of importance: the EC-Na relation: 
b 

EC [Na] (6-12) 

(6-13) 

1 

and the EC-C1 relation: 

EC - a^Cl] 

where: EC • electrical conductivity in mmho.cm 

a and b • regression constants EC-Na 
n n relation 

[Na] " sodium concentration in meq.1 

a1 and b. - regression constants EC-C1 
relation 

[CI] » chloride concentration in meq.1 
-1 

The procedure for the presentation of the em

pirical water quality relations is as follows; 

1. Prepare the axes for the EC-Na plot, following 

the instructions given for the axes preparation. 

Take EC as the vertical and Na as the horizontal 

axis. 

2. Plot the (EC.Na) data pairs in the figure. Use 

only the (corrected) data of the observation 

year. 

3. Calculate the power relation (eq.6-12) using the 

standard HP 97 programme 'Curve fitting' (press 

f E for the power curve option). If the correlation 

coefficient is less than 0.50, calculate the 

linear relation (EC » a + b [Na]) (press f B 
n n * 

for the linear regression option). 

4. Plot the relation found in the figure and con

struct the enveloping curves (see annex 7 for 

examples). 

5. Repeat steps ] - 4 for the (EC, CI) data pairs. 

6. Copy the figures and transfer the original to 

the drawing office. 

In table 6-3 a summary of the water quality relations 

found is presented. 

Measure 
ment 

point 

FB 03 

FB 03 

FB 04 

FB 04 

EB 07 

EB 07 

EH 11 

EH 11 

EH 13 

EH J3 

MG 09 

MG 09 

WE 10 

WE JO 

WE 11 

WE 11 

-
] 

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

EC-

Relation 

a[Na]b 

a[Cl]b 

a[Na]b 

a[Cl]b 

a+b[Na] 

a+b[Cl] 

a[Na]b 

a[Cl]b 

a[Na]b 

a[Cl]b 

a[Na]b 

a[Cl]b 

a[Na]b 

a[Cl]b 

a[Na]b 

a[Cl]b 

Regression 
coefficient 

a b 

0.30 

0.32 

0.25 

0.35 

0.86 

0.78 

0.31 

0.55 

0.38 

0.34 

0.66 

0.33 

0.36 

0.26 

0.40 

0.30 

0.76 

0.80 

0.83 

0.81 

0.07 

0.10 

0.79 

0.57 

0.72 

0.75 

0.41 

0.72 

0.72 

0.82 

0.66 

0.77 

Correlation 
coefficient 

R2 

0.94 

0.96 

0.98 

0.98 

0.40 

0.40 

0.87 

0.90 

0.56 

0.92 

0.70 

0.65 

0.93 

0.92 

0.93 

0.97 

Table 6-3. Regression coefficients of the water quality 
relations presented in Annex 7 

6.4.3. Double mass relations 

Three types of empirical double mass relations are 

(6-J4) 

(6-15) 

(6-16) 

eluding the possible shift in reference datum) 

a. and b, are regression constants D-D relation 
d d . . . 3 -1 

Q. - discharge of measurement point j in m ,s 

a and b are regression constants Q-Q relation q q 

EC. • electrical conductivity of measurement point j 
•* in mmho.cm 

a and b are regression constants EC-EC relation e e 

The D-D relation should only be presented if both 

measurement points are open drainage locations and 

both exhibit a stage - discharge relation. 

The Q-Q relation should not be presented if one or 

both of the measurement points is an irrigation pump 

of : 

D. • 
J 

the 

V 
and 

EC. 
J 

whe: 

D. 
J 

importance; the 

• a d 

Q-Q 

- a 

q 

the 

» a 
t 

re: 

< V ' 
relation: 

b 

(ty q 

• D-D 

EC-EC relation; 

b 

, <ECi> e 

» water depth 
rluHinff f-he 

of me 
nossi 

relation 

asuremenl 
hie shifi 
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Station (i.e. is pumping from the drainage system 

into the irrigation system). 

The EC-EC relation can always be presented. 

The procedure for the presentation of the em

pirical double mass relations is as follows: 

1. Select the two measurement points for which the 

parameters have to be related according to the 

sequential list of measurement points given in 

annex 4. 

2. Prepare the axes for the D-D plot, following the 

instructions given for the axes preparation. Take 

the D values of the measurement point with the 

highest identification code number for the ver

tical axis and those of the lower for the hori

zontal axis (see annex 7 for examples). 

3. Plot the (D., D.) data pairs in the figure. Use 

only the (Corrected) data of the observation 

year. The data D. and D. must be of the same 

observation date ! A deviation of I or 2 

days, however, is acceptable (same field 

trip. 

4. Calculate the power relation (eq. 6-14) with the 

programme 'Curve fitting'. If the correlation 

coefficient is less than 0.50, calculate the linear 

(D. - a + b D . ) . 
J i 

5. Plot the relation found in the figure and con

struct the enveloping curves (see annex 7 for 

examples). 

6. Repeat steps 2 - 5 for the JQ,Q) data pairs. 

7. Repeat steps 2 - 5 for the(EC.EC) data pairs. 

8. Copy the figures and transfer the original to the 

drawing office. 

In table 6-4 a summary of the double mass relations 

found is presented 

Measurement 
points 

Relation 
Regression 
coefficient 

Correlation 
coefficient 

R2 

FB 04-FB 03 (D+0.2)-aDu 0.59 1.42 

Q - a Qb 0.44 1.86 

EC - a ECb 1.44 1.09 

FB 04-FB 03 

FB 04-FB 03 

EH 13-EH 11 

EH 13-EH 11 

WE 11-WE 10 

WE 11-WE 10 

EC - a EC 

EC » a EC 

a+bQ 42.22 0.20 
b 

1.06 1.04 

2.30 0.66 

0.61 0.82 

0.74 

0.95 

0.77 

0.02 

0.83 

0.58 

0.67 

Table 6-4. Regression coefficients of the double 
mass relations presented in annex 7 
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ANNEX 1: FIELD DATA 

FB 03, Batts drain at Furgus 

FB 04, Roda drain 

FB 05, Batts drain at Tamya 

EB 07, Bahr Bagar drain at "Kubri Saud" 

EB 08, Bahr Bagar drain at "Kubri Bahr Bagar" 

EH 02, Hanut pump station 

EH 11, Bahr Hadus at "Kubri Bahr Bagar" 

EH 13, Bahr Hadus at "Outfall" 

MG 09, pump station No. 4 

MG 10, pump station No. 3 

WE 10, Edko pump station 

WE 11, Bo8seili pump station 

* c ross section at measurement location 

* float measurements 

* pendulum measurements 

* waterquality measurements 

* calibration measurements 



1. 1. FB 03, Batts drain at Furgus_ 

The measurement point is a bridge over the drain (see fig. A 1-1) 

os p holt road to 
village Roda 

dirt rood to [ J 
village Sireisno »imi»am*um»tÊiUM .«m ^ 

h 
Batts 
drom 

60S m 

„JijtM 
tracks 

EC 

Hm 

distance 

t ravelling 

time floats 

Resistance body type: 

Depth 
reading 

Angle 

Fig. A 1-1. Situation sketch FB 03 
(taken from the field forms) 

1. 1. 1. FB 03, c ross-sect ion at measurement location 

Distance 
(m) 

0 
1 
2 
3 
4 
5 * 
6 
7 
8 
9 

10 

Ups 

no of 
pieces(m) 

3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

tream 

exces 
(cm) 

47 
73 
19 
03 
-

05 
05 
16 
47 
97 
63 

Depth 

i 

Downst 

no of 
pieces(m) 

3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

ream 

excess 
(cm) 

37 
81 
15 
14 
14 
10 
13 
15 
28 
84 
44 

Piers 

Level instrument 

upstream 

1,475 

1,548 

1,543 

reading 

downstream 

1.427 

1,512 

1,519 

Date observation: 17/09/80 
* At Reference point: No of pieces = 4; Excess = 12; and instument reading = 1, 546 

1. 1. 2. FB 03. float measurements 1980 

Date 

23/12/79 
9/01/80 

23/01/80 
'6/02/80 

24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 
2/06/80 

28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 
9/11/80 

17/12/80 
17/01/81 

Hm 

2. 48 
2. 30 
3. 37 
3.42 
2. 19 
2. 72 
2. 80 
2. 80 
2. 77 
2. 85 
3.03 
2. 94 
3. 02 
2. 86 
2. 50 
2.66 
2. 97 
2.76 
2. 67 
2. 72 

1 

32.0 
33.4 

-
-

14.0 
25.0 
11.5 
12.2 
15. 0 
13.4 
19.0 
17.4 
28. 0 
28.0 
40. 0 
22.0 
17.2 
25. 6 
23. 2 
49. 5 

Tra velli 

3 

11. 0 
8 .6 

17.7 
17. 0 
8. 1 
9 .2 
0. 0 

10. 0 
7 . 4 
8. 4 

11.2 
8. 8 
9 . 0 

11. 8 
14. 0 
11.6 
12. 0 
12. 6 

9 . 6 
9 . 5 

ng time 

5 

10. 5 
9 . 9 

20. 2 
16. 0 
8. 1 
8. 0 
7. 5 
7 .3 
7. 2 
8.0 

11.2 
9 . 0 
9 . 0 
9. 8 

11.4 
12.4 
10. 0 
9 . 2 
9 . 2 
9 . 0 

'loats (sec) 

7 

21.5 
12.1 
33. 6 
26. 3 
25. 3 
15.4 
11. 5 
13. 2 
12.0 
11.4 
10.3 
10. 0 
17.0 
11.6 
11. 8 
14.4 
18. 0 
17.2 
13. 0 
10. 0 

9 

Pi 
Pi 

-
-
-

15.0 
-
-

15. 0 
21. 0 

-
-
-

14.0 
-

12.8 
-
-
-



1. 1. 3. FiB 03, pendulum measurements 1980 

Date 

4/04/80 
18/04/80 
30/04/80 
18/05/80 
28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 
9/11/80 

17/12/80 
17/01/81 

Resistance 
body 
type 

M 
M 
L 
M 
L 
L 
K 
K 
K 
K 
K 
M 
L 

(46) 
(48) 
(42) 
(44) 
(43) 
(45) 
(50) 
(48) 
(41) 
(46) 
(49) 
(46) 
(43) 

Pendulum 

1 

28. 5 
9.0 

16. 5 
11. 0 
11. 8 
10. 0 
26. 5 
28. 0 
25. 0 
26. 0 
22. 5 
8.5 

15. 0 

(44) 
(46) 
(40) 
(42) 
(41) 
(43) 
(48) 
(46) 
(39) 
(44) 
(48) 
(44) 
(41) 

measureme 

2 

24. 5 
7. 5 

15. 6 
7. 0 

11. 8 
12. 5 
27. 0 
28. 0 
25. 5 
23. 5 
19. 5 

7. 5 
13. 5 

(42) 
(44) 
(39) 
(40) 
(39) 
(41) 
(46) 
(44) 
(37) 
(42) 
(46) 
(42) 
(39) 

nts, 1st number depth reading 

3 

27. 0 
7. 5 

16. 0 
8. 5 

12. 0 
12. 5 
30. 0 
27. 5 
25. 5 
27. 0 
22. 5 

7. 5 
13. 0 

(40) 
(42) 
(38) 
(38) 
(37) 
(40) 
(45) 
(42) 
(35) 
(40) 
(44) 
(40) 
(37) 

4 

30. 0 
8. 0 

16. 0 
10. 5 
12. 5 
10. 5 
30. 0 
25. 5 
27. 0 
26. 0 
23. 0 
6.5 

11.0 

(39) 
(40) 
(37) 
(37) 

(39) 

(40) 
(33) 
(38) 
(42) 
(38) 
(36) 

5 

30. 0 
8. 5 

12. 5 
9.5 
-
9.0 
-

24. 5 
24. 0 
25. 0 
21. 5 
6.5 
9.8 

C r (d 

(37) 
(38) 

(38) 
(31) 
(36) 
(40) 
(36) 

m ) ; 2nd number angle 0 

6 

27. 0 
8. 0 (36) 
-
-
-
-
-

24. 0 
24. 0 (29) 
26. 0 
19.5 (39) 

6. 0 (34) 

-

7 8 

_ 
6. 5 
-
-
-
-
-
-

22.0 (27) 16.5 
. 

20. 5 
5. 5 
-

1. 1. 4. FB 03, waterquality measurements 1980 

Date EC pH Ca Mg Na K CO„ HCO„ SO, Cl 

23/12/79 
9/01/80 

23/01/80 
6/02/80 

24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 

2/06/80 
28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 

4/11/80 
9/11/80 

17/12/80 
17/01/81 

1. 18 
1.45 
3. 85 
4. 17 
0. 94 
1.43 
1. 28 
1.45 
1. 22 
1. 51 
1. 24 
1. 33 
1.78 
0. 98 
1.31 
1.66 
1. 68 
1. 58 
2. 00 
2.37 

8. 0 
8. 3 
7.4 
7. 4 
7.6 
7. 8 
7. 5 
7. 4 
7.6 
8. 0 
7. 8 
7. 3 
7. 7 
7. 5 
7.6 
7.9 
7.9 
7. 8 
7. 3 
7.3 

3. 1 
3.6 
6.6 
8. 5 
2. 6 
4. 5 
4. 0 
3.0 
2.6 
3.0 
3. 8 
4. 5 
3. 6 
3.2 
3.2 
3.7 
3. 7 
3.9 
4. 2 
4.6 

2. 7 
5.3 

10. 1 
11.7 
1.4 
3. 1 
1. 2 
3.2 
2.4 
2. 7 
1.4 
1. 8 
1.8 
2. 4 
1. 8 
3.3 
3. 3 
2. 8 
3.8 
6.3 

5.6 
5. 6 

35. 0 
28.0 

5.2 
6. 5 
7. 3 
8.6 
7. 0 
9.0 
7. 0 
6.7 

13.0 
7. 8 
7. 7 
9.3 

10. 0 
8. 7 

11.7 
12. 5 

0. 3 
0. 1 
0. 7 
0. 7 
0. 4 
0. 1 
0. 3 
0. 2 
0. 2 
0.3 
0. 2 
0. 3 
0. 2 
0. 2 
0.4 
0. 2 
0. 2 
0. 2 
0.4 
0. 2 

5. 5 
4. 2 
5. 3 
8. 8 
3. 5 
5. 2 
3. 5 
4. 0 
4. 0 
4. 0 
4. 8 
4.4 
4. 1 
2. 1 
5. 8 
7.0 
7. 0 
6.4 
3.4 
4. 8 

0.6 
3. 3 

17.0 
16.0 

0. 8 
2. 8 
3.9 
4.0 
2. 2 
4.4 
1.0 
3.3 
7.6 
5. 7 
1. 2 
2. 0 
2. 7 
3.0 

13.4 
5. 1 

5.6 
7. 0 

30. 1 
24.0 

5.3 
6. 2 
5.4 
7.0 
6.0 
6.6 
6.6 
5.6 
6.9 
5.7 
6. 1 
7.4 
7.4 
6.2 
3. 2 

13.8 

1. 1. 5. FB 03, calibration measurement 

Date Hm 

17/01/82 

4/02/82 

3. 39 

3.31 

Discharge 

0. 51 

1. 04 

1. 2. FB 04, Roda drair 

The measurement point is a bridge over the drain (see fig. A 1-2) 

EC: 

Hm: 

Distance 0. 5 1.5 2. 5 3. 5 4. 5 5. 5 6. 5 

travelling 

time floats 

Fig. A 1-2. Situation sketch FB 04 
(taken from the field forms) 



1. 2. 1. FB 04, c ross section at measurement location 

Distance 
(m) 

0 
0. 5 

1 
1. 5 
2 

2. 5 
3 

3. 5 
4 * 

4. 5 
5 

5. 5 
6 

6. 5 
7 

no of 
piecesf 

4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 

Ups 

m) 

tream 

excess 
(cm) 

70 
10 
58 
44 
44 
52 
64 
60 
66 
52 
54 
48 
50 
66 
56 

Depth 
Dowmst 

no of 
pieces(m) 

4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 

ream 

excess 
(cm) 

76 
7 

56 
37 
48 
46 
54 
61 
60 
52 
48 
48 
48 
28 
54 

Piers 
Level instrument reading 

upstream downstream 

1. 366 1. 368 

1.376 1.386 

1.392 1.360 

Date of observation: 17/09/80 
* At reference point: No of pieces 5; excess 60 cm; instrument reading 1. 380 

1.2.2. FB 04, float measurements 1980 

Date Hm 
0 . 5 1. 5 

Travelling time floats (sec) 

2. 5 3. 5 4. 5 5. 5 6. 5 

9/01/80 
23/01/80 

6/02/80 
24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 
2/06/80 

28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 
9/11/80 

17/12/80 
17/01/81 

3. 85 
4.39 
4. 42 
3. 73 
3. 96 
3. 96 
3. 90 
3. 89 
3.95 
4. 25 
4. 20 
4. 18 
4. 05 
3.45 
3. 50 
3. 64 
3. 65 
3.47 
3. 52 

14. 4 
-
. 

6.3 
5.0 
. 
-

10.0 
5.6 
6.4 
8. 0 
-

8.4 
-

15.0 
12. 0 

8. 0 
-
-

7.6 
. 

11.8 
5. 2 
5. 0 
7. 0 
4. 8 
5. 2 
5. 0 
6.3 
7. 8 
7. 0 
5. 8 
9.0 
8.2 
7. 0 
7.4 
9.0 

10.0 

7.6 
10. 8 
11.4 

5. 3 
6.0 
5. 0 
. 
. 
. 

5. 5 
. 

4.0 
. 
-
. 
Pi 

-
-

pl 

6. 6 
-

17. 0 
5. 1 
4. 0 
5. 0 
5.0 
5. 0 
4. 8 
-

5.4 
5. 5 
5.4 

10. 0 
8. 4 
. 

7. 2 
7. 0 
6.0 

5. 
17. 
19. 
5. 
5. 
6. 
5. 
5. 
5. 
6. 
6. 
5. 
5. 
8. 
7. 
6. 
7. 
7. 
8. 

7 
0 
7 
2 
2 
0 
4 
0 
0 
0 
8 
5 
6 
4 
0 
0 
2 
5 
0 

5. 7 
21. 8 

-
6.2 
5. 3 
6. 5 
7. 2 
7. 0 
5. 0 
8. 4 
9.0 
9.0 
6.4 
7. 8 
8. 6 
8. 0 
7.4 
8.3 
9.0 

1. 2. 4. FB 04, water quality measurements 1980 

Date EC pH Ca Mg Na K CO„ HCO„ SO. CI 

9/01/80 
23/01/80 

6/02/80 
24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 
2/06/80 

28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 
9/11/80 

17/12/80 
17/01/81 

2. 47 
8. 42 
8. 25 
1. 87 
2. 13 
1. 87 
1.42 
1. 44 
1.48 
2. 38 
2. 72 
2. 81 
2. 73 
2. 28 
2. 18 
2. 22 
2. 27 
2. 18 
2. 73 

8.4 
7.4 
7.6 
7. 6 
7.9 
7. 5 
7.4 
7.6 
7.9 
7.9 
7.4 
7.4 
7. 4 
7. 7 
8. 0 
8. 0 
7.9 
7.2 
7. 2 

5.4 
6. 8 

14. 8 
5.2 
5.0 
5.0 
3.0 
2.6 
3.0 
5.4 
4.7 
4.2 
4.7 
4.2 
5.8 
5.8 
5. 5 
3.2 
5.9 

6. 1 
23. 1 
13.4 

3. 3 
6.9 
3. 2 
2. 7 
1.9 
2.7 
3.4 
4. 5 
3.0 
4.3 
2.8 
3.0 
3.0 
3.5 
3.4 
3.6 

13.0 
65.0 
68. 5 
10. 2 
9.1 

10. 0 
8. 3 
9.8 
8. 8 

14.6 
17.6 
20. 0 
16. 2 
15.4 
13. 0 
13. 5 
13.3 
15.0 
22.0 

0. 2 
0.7 
0.6 
0.4 
0.2 
0.4 
0. 2 
0.2 
0. 2 
0. 3 
0.4 
0. 4 
0.2 
0.4 
0.2 
0.2 
0.4 
0. 4 
0.4 

4.7 
9.3 
5.8 
4.4 
7.2 
4. 2 
4.0 
4.0 
5. 2 
5.6 
5.0 
4. 5 
4.4 
4. 8 
6.7 
6.7 
6.4 
4.0 
4. 8 

8. 
33. 
40. 

5. 
4. 
7. 
2. 
3. 
1. 
7. 
9. 

10. 
8. 
8. 
6. 
6. 
7. 

14. 
8. 

7 
1 
2 
6 
9 
2 
7 
3 
0 
6 
0 
2 
6 
3 
1 
6 
1 
2 
5 

11.3 
53. 1 
51.4 
9.1 
9. 1 
7.2 
7. 5 
7.2 
8.5 

10.6 
13.2 
12.9 
12. 5 
9.7 
9. 1 
9. 1 
9.1 
3.7 

18.6 



1. 2. 5. FB 04, calibration measurements 

Date Hm 

17/01/82 4.40 0.33 

1. 3. J B J D S ^ ^ t t s J r a i n at_Tamya 

The measurement point is a bridge over the drain (see fig. A 1-3) 

EC: 

Hm: 

Distance 0. 5 1.5 2. 5 3. 5 4. 5 5. 5 6. 5 

travelling 
time floats 

Fig. A 1-3. Situation sketch PB 05 
(taken from the field forms) 

1. 3. 1. FB 05, c ross section at measurement location 

Depth 

Distance 
(m) 

0 
0. 5 

1 
1. 5 
2 

2. 5 
3 

3. 5 * 
4 

4. 5 
5 

5. 5 
6 

6. 5 
6.9 

no of 

Ups 

piece s(m) 

4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 

tream 

excess 
(cm) 

52 
44 
36 
36 
40 
38 
36 
36 
24 
24 
22 
36 
46 
48 
46 

no of 

Downstream 

pieces(m) 

4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 

excess 
(cm) 

53 
56 
36 
30 
30 
28 
28 
28 
18 
10 
14 
32 
14 
52 
52 

Piers Level instrument reading 

upstream downstream. 

1.603 

1. 502 

1. 457 

1.3.2. FB 05, float measurements 1980 

1. 628 

1.560 

1.478 

Date of observation: 17/09/80 
* At reference point: No of pieces 5; excess 23 cm; instrument reading 1. 560 

Date Hm 
Travelling time floats (sec) 

0. 5 1.5 2. 5 3.5 4. 5 5. 5 6.5 

23/12/79 
9/01/80 

23/01/80 
6/02/80 

24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 
2/06/80 

28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 

11/11/80 
17/12/80 
17/01/81 

3. 48 
3. 55 
4.39 
4. 50 
3.41 
3. 79 
3.72 
3. 70 
3.66 
3,89 
4. 13 
4. 02 
4. 02 
3. 80 
3. 40 
3.48 
3. 63 
3. 61 
3. 42 
3. 40 

11. 0 
10.0 
12.4 

8.9 
5.2 
5.0 
4. 0 
6.0 
5.0 
5.4 
5.6 
6.0 
6. 5 
7.4 
5.6 
7. 0 
7. 0 
7. 0 
6.0 
6. 0 

5. 
5. 
9. 
8. 
5. 
5. 
4. 
5. 
5. 
5. 
5. 
5. 
5. 
6. 
5. 
5. 
6. 
5. 
6. 
6. 

5 
0 
8 
1 
0 
0 
0 
0 
0 
2 
2 
8 
0 
8 
0 
3 
6 
4 
0 
0 

5. 5 
5. 0 
9. 8 
9.2 
5. 0 
5. 8 
3. 5 
5. 0 
5. 0 
5. 0 
5. 2 
5. 8 
5. 0 
5.6 
5. 2 
5. 2 
7.6 
5. 6 
6. 5 
5. 8 

5. 5 
5. 0 

11.1 
7. 2 
5.0 
5. 8 
4. 0 
5. 0 
5. 0 
5. 0 
5. 2 
6.0 
6.5 
6.4 
5. 2 
6.0 
7. 0 
6.4 
6.0 
6.2 

5. 2 
5. 0 

11.6 
7. 0 
5. 0 
5. 8 
4. 0 
5. 2 
5. 2 
5. 0 
5. 2 
6.0 
6.0 
6.0 
6.2 
6. 0 
7. 8 
7. 0 
7. 0 
7. 8 

5. 0 
5. 4 

14. 2 
9,6 
5. 1 
5. 8 
4. 5 
5.3 
5. 0 
5. 0 
5. 6 
6.4 
7. 0 
6. 8 
7. 2 
7. 0 
7. 0 
7. 0 
7. 5 
7. 0 

5. 5 
5.8 

. 

. 
6.3 
6.8 
4. 0 
5. 8 
5.0 
5.4 
6.3 

-
16. 5 

8. 2 
-

8. 1 
7.4 

-
9.0 

10. 0 



1. 3. 4. FB 05, waterquality measurements 1980 

Date EC pH Ca Mg Na K CO„ HCO„ SO, Cl 

23/12/79 
9/01/80 

23/01/80 
6/02/80 

24/02/80 
14/03/80 
4/04/80 

18/04/80 
30/04/80 
18/05/80 

2/06/80 
28/06/80 
11/07/80 
25/07/80 
17/09/80 
11/10/80 
4/11/80 
9/11/80 

17/12/80 
17/01/81 

1. 31 
1. 87 
5. 70 

11. 82 
0. 95 
1.96 
1. 02 
1.45 
1.29 
1. 34 
1. 59 
2. 04 
2. 29 
2. 09 
1.91 
1. 91 
1. 94 
2. 00 
2. 00 
2.46 

8. 0 
8.6 
7. 8 
7. 7 
7. 1 
7. 4 
7. 6 
7. 4 
7. 3 
7.9 
8. 0 
7.4 
7.6 
7. 8 
7. 8 
7. 7 
7. 7 
8.4 
7. 4 
7. 2 

4. 0 
4. 2 
6. 6 

12. 7 
3. 7 
4. 0 
3. 5 
3. 5 
2.9 
3. 5 
4. 9 
4. 2 
3. 1 
2. 6 
3. 7 
3. 7 
3.7 
4. 5 
3. 7 
3.6 

3. 2 
3.6 

13. 7 
10. 0 
0.4 
5. 5 
0. 8 
2. 2 
2. 6 
3. 2 
3.9 
3.6 
1. 8 
2. 4 
2. 3 
4. 8 
4. 8 
3. 0 
3. 3 
4.6 

5. 8 
10. 6 
35. 0 

100. 0 
5. 5 
9.6 
5. 7 
8.6 
7. 3 
6.4 
6.8 

12. 3 
17. 7 
11. 0 
12. 8 
11.3 
12. 0 
12. 2 
12. 7 
16. 0 

0. 2 
0. 3 
0. 6 
0. 3 
0. 3 
0. 3 
0. 3 
0. 2 
0. 2 
0. 2 
0. 2 
0.4 
0. 3 
0. 1 
0. 2 
0. 2 
0. 2 
0. 4 
0.4 
0. 4 

5. 5 
5. 1 
4. 2 
8. 6 
2. 3 
8. 0 
4. 4 
4. 0 
4. 0 
4. 0 
4. 4 
5. 0 
3. 8 
4. 8 
4. 8 
6. 7 
6.7 
7.0 
4.4 
5. 0 

1. 
5. 

19. 
78. 

2. 
2. 
2. 
3. 
2. 
1. 
4. 
6. 
9. 
2. 
6. 
5. 
6. 
4. 

12. 
4. 

7 
2 
7 
5 
2 
3 
0 
0 
4 
7 
4 
0 
5 
5 
1 
6 
3 
9 
0 
3 

6. 1 
8. 5 

32.0 
36. 0 

5. 3 
9. 1 
3. 8 
7. 5 
6.6 
7. 7 
7. 0 
9.4 
9.7 
8. 8 
8. 2 
7. 7 
7. 7 
8. 2 
3. 7 

15.4 

1. 3. 5. FB 05, calibration measurements 

Date 

14/07/81 
14/01/82 
4/02/82 

Hm 

3. 97 
4. 36 
4. 41 

4. 82 
2. 55 
1. 67 

1. 4. E B J ) J ^ ^ h r Bagajjh-ainjU^'Kubri^autr ' 

The measurement point is a bridge over the open drain (see fig. A 1-4) 

Asphalt road tovillagt 
I Son El Hagar 

Olrl road To 
Kubri Bahr Baaar E C : 

Hm: 

Fig. A 1-4: Situation sketch EB 07 
(taken from the field forms) 

Distance 2 ' 6 ' 10 ' 14 ' 18 ' 22 ' 2 6 ' 3 0 ' 3 4 ' 3 8 ' 4 2 ' 4 6 ' 5 0 ' 5 3 

travelling 
time floats 

Resistance bode type: 

Depth 
reading 

t i t i i i 

Angle 



, 4. 1. EB 07, c r o s s sect ion at measurement locat ion 

Distance 
(m) 

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 * 
42 
44 
46 
48 
50 
52 
54 

no of 

Upstream 

e x c e s s 
p i eces (m) (cm) 

2 
3 
4 
4 
4 
4 
4 
5 
5 
5 
4 
4 
5 
5 
5 
5 
5 
5 
6 
6 
5 
5 
6 
5 
4 
4 
3 
3 

20 
36 
92 
61 

4 
15 

2 
85 
67 

8 
22 
15 
21 
36 
44 
30 
26 
60 
66 
94 

2 
0 

85 
32 
17 
82 
36 
86 

Depth 
Downs 

no of 
p ieces (m) 

2 
3 
3 
4 
4 
4 
4 
4 
5 
5 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 
6 
5 
5 
5 
5 
4 
3 
2 

t ream 

e x c e s s 
(cm) 

46 
74 
29 
78 
15 
66 
37 
18 
86 
34 
87 
10 

5 
52 
57 
44 
77 
55 

8 
88 
98 

7 
12 
46 
92 
84 
48 
33 

P i e r s 

9 .20 - 9.50 
10 .20-10 .50 

19 .30-19 .60 
20 .20-20 .50 
20.70-21.CO 
22 .80-23 .10 

31 .90-32 .20 
32 .45 -32 .75 
33 .80 -34 .10 
34 .60 -34 .90 
35 .15-35 .45 
33 .70 -36 .00 

44 .10 -44 .40 
45 .20 -45 .50 

Leve l instru 

upstream 

1.47 
1. 44 
1. 44 
1. 44 
1.41 
1. 40 
1. 38 
1. 38 
1. 38 
1. 38 
1 .37 
1. 57 
1. 34 
1. 38 
1 .41 
1 .41 
1 .42 
1. 62 
1 .40 
1. 44 
1 .46 
1 .48 
1 .48 
1 .48 
1. 51 
1. 49 
1 .48 
1 .46 

iment reading 

downstream 

1 .69 
1 .70 
1. 70 
1. 70 
1 .70 
1 .69 
1. 70 
1. 70 
1. 71 
1 .67 
1. 55 
1. 58 
1. 55 
1. 57 
1 .61 
1 .63 
1. 59 
1. 60 
1 .70 
1. 70 
1. 70 
1 .70 
1 .69 
1 .69 
1 .69 
1. 70 
1. 70 
1. 68 

Date of observat ion: 0 8 / 1 2 / 8 0 
* At re ference point: No of p i e c e s 6; e x c e s s 98 cm; instrument reading 1. 70 

1. 4. 2. EB 07, float mea suremen t s 1980 

Date 

20 /12/79 
6 /01/80 

27/01/80 
10/02/80 
25/02/80 
9 /03/80 

23/03/80 
13/04/80 
20/04/80 
4 /05/80 

26/05/80 
3 /06/80 

15/06/80 
29/06/80 
16/07/80 
31/07/80 
18/08/80 
22/09/80 
4 /10/80 

27/10/80 
11/11/80 
24/11/80 
7 /12/80 

25/12/80 
7/01/81 

Hm 

1.75 
1.98 
2. 10 
2. 28 
1.97 
2. 06 
2. 11 
2. 18 
2. 21 
2. 21 
2. 14 
2. 12 
2. 16 
2. 14 
2. 07 
1.94 

-
1. 80 
1. 84 
1. 93 
1. 98 
1.92 
1. 95 
1. 70 
1.99 

2 

12. 5 
12.0 
11 .4 
13. 6 
13. 8 
14. 0 
24. 2 
12. 8 
9 .0 
-

17.8 
14. 2 
12 .6 
12. 6 
15. 2 
16. 5 
Pi 

28. 0 
26 .0 

-
23. 0 
23 .6 
32. 0 
15. 0 
Pi 

6 

8 .0 
9 .6 
9 .0 

10 .4 
8 .8 
9 .4 

15.4 
9 .0 
7. 0 

12.7 
16.4 
11. 2 
8 .8 
8 .8 

12.6 
11.6 
Pi 

15. 5 
15.0 
47. 0 
12. 0 
15. 2 
13.6 
11.4 
Pi 

10 

8. 2 
8. 2 
7 .4 
. 

7.2 
7. 0 

11.0 
7 .6 
6 .0 

10. 6 
8. 8 
7. 8 
7. 2 
8 .6 
8 .0 
8. 0 
Pi 

11. 5 
12. 0 
15.0 
9 .0 

11. 8 
11.8 
10.6 
ppl 

14 

8. 2 
8. 7 
7 . 0 
7. 4 
7. 2 
7. 0 
8 .6 
7 .2 
5 .8 
8 .2 
9 .2 
7 .7 
7 . 2 
6 .8 
8. 0 
8. 3 
Pi 

10. 0 
9 . 0 

11. 0 
8 .0 
9. 2 
9 . 0 
8 .8 
Pi 

T 

18 

7. 5 
7 .8 
6 .8 
6 .4 
7. 0 
7 .0 
8. 1 
6. 6 
6 .0 
7. 8 
9 . 6 
7 .9 
6 .8 
7. 2 
7. 2 
8 .4 
Pi 
8. 5 
8. 0 
8 .0 
7. 0 
9 . 2 
7 .8 
7 .6 
Pi 

ravelli 

2 

7. 2 
8 .9 
7. 5 
-

6.8 
7 .0 
-

7. 0 
5. 5 
7. 5 
8. 0 
7 .2 
6 .2 
6 .4 
6 .0 
-

Pi 
-13. 0 
-
-

16. 0 
-
-

Pi 

.ng time 

26 

7. 2 
7 .3 
7 .2 
7. 2 
6 .8 
6.6 
9 .3 
7. 7 
5; 5 
7. 0 
9 .2 
7 .0 
6 .2 
6 .5 
5. 5 
-

Pi 
7. 0 
7 .0 
8. 0 
5 .0 
7 .0 
8 .2 
7 .8 
Pi 

floats 

30 

7. 2 
8. 5 
6 .2 
8 .0 
7 .0 
6 .8 
9 .8 
6 .6 
6 .5 
7. 6 
9 .8 
8 .8 
6 .7 
6 .8 
8 .8 
-

pi . 
7 .5 
7 .0 
7 .0 
5 .0 
7 .0 
8. 8 
7 .8 
Pi 

(sec) 

34 

12 .3 
15 .8 

. 
-
-
-

10. 2 
7. 7 
6 .9 
-

9 .0 
8 .0 
7 . 2 
7 . 6 
6 . 8 
-

Pi 
-8. 0 

15 .0 
8. 0 
9. 2 
9 . 8 
-

Pi 

38 

7. 5 
8 .8 
7 .6 
9. 0 
7 .6 
7 .6 

13.3 
7 .8 
6 .7 
7. 7 

11.9 
9 .0 
7 .7 
7 .2 
7. 0 
6 .7 
Pi 
9 .0 
8. 0 
9 .0 
7 .0 
9 .9 

12. 0 
8 .6 
Pi 

42 

8 .2 
8 .0 
7 . 8 

10. 2 
7 .6 
7. 2 

12. 8 
8. 0 
6 .9 
9 .4 

17. 0 
I t . 4 
8 . 0 
7 . 4 
8. 0 
6 .9 
Pi 
9. 5 
7 .4 

15.0 
7 .0 

12.0 
12.6 
8 .9 
Pi 

46 

8 .7 
9 .9 
8. 8 

11.2 
8 .3 
8. 2 

10. 8 
9 .6 
7 .0 

11. 5 
11 .4 
10.3 
8 . 4 
8 .3 
-

8.8 
Pi 

11. 0 
9 .4 

16.0 
10. 0 
19. 8 
15 .6 
11.4 
Pi 

50 

10. 6 
13.3 
11.0 
13.2 
12.6 
11.0 
25. 4 
10.7 
12.0 
11.8 
42 .4 
17.7 
13 .0 
12 .0 

-
11.0 
Pi 

15.0 
11.0 
70. 0 
13.0 
34. 0 
24 .4 
12 .8 
Pi 

53 

18.7 
22 .4 

-
-
-
-
-
-
-

29. 8 
-
'-
-
-

-
15.5 
Pi 

43. 0 
17 .4 
78 .0 

. 
_ 
. 

21.6 
Pi 



1. 4. 3. EB 07, pendulum m e a s u r e m e n t s 1980 

Date 

25 /02 /80 
9 /03 /80 

23 /03/80 
13/04/80 
20 /04/80 
4 /05 /80 

26/05/80 
3 /06 /80 

15 /06/80 
29/06/80 
16/07/80 
31 /07/80 
22/09/80 
4 /10 /80 

27 /10/80 
11 /11/80 
24 /11/80 
7 /12/80 

25 /12 /80 
7 /01/81 

Resist 
body 
type 

N 
K 
K 
K 
L 
K 
K 
K 
L 
L 
L 
L 
L 
L 
L 
L 
K 
K 
K 
K 

40 

19.0 
24. 5 
24. 5 
19. 5 
14. 5 
26. 5 
27. 0 
23. 0 
17. 5 
16. 5 
14. 0 
15.0 
10. 5 
11. 0 
17. 5 
23. 0 
22. 5 
12 .0 
14. 5 
18. 5 

38 

17. 5 
26. 0 
23. 5 
16. 0 
12. 5 
24. 0 
24. 5 
27. 0 
21. 0 
19.5 
17. 0 
20. 0 
11 .0 
13. 5 
10. 0 
19. 0 
24 .0 
15.5 
16. 5 
15. 5 

36 

17. 0 
25. 5 
24. 0 
23. 0 
12.5 
24. 0 
24. 0 
28. 0 
21. 0 
19. 0 
20. 0 
22. 0 
13. 0 
13. 5 
12. 0 
18. 5 
25 .0 
15.0 
17. 5 
19 .5 

34 

16. 5 
29. 0 
25. 0 
26. 0 
12.0 
24. 5 
25. 5 
29. 0 
22. 5 
19. 5 
18. 5 
21. 5 
12. 5 
15. 0 
15. 0 
21. 5 
26. 0 
17. 5 
18. 0 
22. 0 

32 

16.0 
28. 5 
26. 0 
27 .0 
12. 5 
23. 0 
29. 0 
26. 5 
22. 5 
19. 5 
19. 0 
20. 0 
14. 0 
15. 5 
15. 5 
23. 5 
26. 5 
17.0 
19. 5 
20. 0 

30 

16. 5 
29. 0 
29. 0 
26. 0 
12. 0 
27. 5 
29. 0 
27. 0 
20. 5 
21. 5 
19. 5 
21. 0 
12. 5 
16 .0 
14. 0 
25. 0 
28. 0 
20. 0 
20. 5 
21. 0 

28 

15.0 
28. 5 
30. 0 
28. 5 
12. 5 
27. 5 
27. 5 
27. 0 
21. 5 
20. 0 
18. 5 
20. 0 
11. 5 
16.5 
15. 0 
24. 0 
27 .0 
16. 5 
20. 0 
23. 0 

26 

13.5 
28. 5 
28. 0 
28. 5 
13.0 
28. 0 
26. 0 
25. 0 
19.5 
19. 0 
18. 5 
20. 0 
12. 0 
16. 5 
16. 5 
22. 5 
26. 5 
19. 0 
20. 5 
22.5 

24 

17. 0 
29. 5 
29. 0 
25. 5 
11.0 
29. 0 
27. 5 
25. 5 
18. 5 
18. 5 
16.5 
20. 0 
12. 5 
17.0 
13. 0 
22. 0 
28. 0 
17. 0 
17. 0 
22.5 

22 

15.0 
28. 5 
29. 0 
25. 5 
12.0 
28. 5 
26. 0 
26. 0 
18. 5 
16. 5 
15.0 
18. 0 
13. 0 
14. 0 
12. 5 
22. 0 
27. 0 
18. 0 
19. 5 
21. 0 

20 

12.0 
28. 5 
25.0 
25. 5 
14.0 
28. 5 
26. 5 
25. 0 
18. 5 
15. 0 
15. 0 
18. 5 
13. 5 
15. 0 
8. 5 

17. 0 
25. 0 
16. 0 
19.5 
23. 0 

18 

11.0 
28. 5 
27.0 
25.0 
12.0 
27.0 
25.0 
25.5 
17.0. 
13.5 
14. 0 
17.0 
11.5 
13. 5 
7. 5 

19.0 
24.5 
16.0 
19.0 
22. 5 

16 

10. 5 
28. 0 
28. 0 
21. 5 
11.0 
26. 5 
27. 0 
24. 5 

,1'5. 0 
-11.0 
11. 5 
16. 0 
11. 5 
14. 5 
7. 0 

18. 0 
24. 0 
15.5 
18. 5 
22 .5 

14 

10. 0 
26. 0 
26. 0 
24. 0 
10. 0 
26. 0 
25 .5 
24. 5 
13. 5 
11. 5 
11. 5 
15. 0 
10. 5 
11.0 
7. 5 

16.5 
21 .0 
14.5 
18. 5 
22 .5 

12 

10. 5 
25. 0 
26. 0 
25. 5 
15. 5 
24. 0 
26. 0 
24. 5 
11. 5 
10. 5 
10. 5 
14. 0 
9. 5 

11. 5 
7. 5 

14. 0 
20. 5 
14. 5 
18. 0 
24. 0 

10 

10. 5 
26. 0 
26. 0 

-
-

26. 0 
27. 5 

-
-
-
-

12. 0 
8. 5 
8. 5 
7 . 0 

12. 0 
19. 5 
14. 0 
18. 0 
22. 5 

8 6 

10.0 

-
-
-
-
-

24. 5 
-
-
-
-
-
-

7. 5 
6. 5 5. 5 

10. 0 
17.0 15.5 

-
18.0 19.0 

* 

1 .4 .4 . E B 07, wate rqua l i ty m e a s u r e m e n t s 1980 

Date 

2 0 / 1 2 / 7 9 
6 / 0 1 / 80 

2 7 / 0 1 / 8 0 
1 0 / 02 / 80 
2 5 / 0 2 / 8 0 

9 / 0 3 / 8 0 
2 3 / 0 3 / 8 0 
1 3 / 04 / 80 
2 0 / 0 4 / 8 0 
0 4 / 0 5 / 8 0 
2 6 / 0 5 / 8 0 
3 / 0 6 / 8 0 

1 5 / 06 / 80 
2 9 / 0 6 / 8 0 
1 6 / 07 / 80 
3 1 / 0 7 / 8 0 
1 8 / 08 / 80 
2 2 / 0 9 / 8 0 
4 / 1 0 / 8 0 

2 7 / 1 0 / 8 0 
1 1 / 11 / 80 
2 4 / 11 / 80 

7 / 1 2 / 8 0 
2 5 / 1 2 / 8 0 

7 / 0 1 / 8 1 

EC 

1. 02 
1. 18 
1.46 
1.45 
1. 79 
1. 17 
1 .45 
1. 16 
1. 12 
1.22 
1. 00 
1. 07 
1. 04 
1. 13 
1. 20 
1. 04 
1. 02 
1. 06 
1. 13 
1. 15 
1. 16 
1.66 
1.47 
1. 40 
1.46 

PH 

7. 10 
7. 15 
7. 60 
7. 60 
7. 15 
7. 70 

-
7. 50 
7. 30 
7. 20 
7. 40 
7. 00 
7 . 45 
7 . 45 
7. 30 
8. 10 
8. 60 
7. 40 
7. 30 
7. 30 
7. 85 
7. 45 
7. 30 
7. 90 
7. 00 

Ca 

4. 40 
3. 57 
4. 57 
4. 73 
3. 68 
5. 25 
3. 68 
3. 50 
3. 00 
3. 15 
3. 25 
2. 64 
4. 44 
4. 44 
2. 15 
3. 40 
3. 15 
3. 20 
3. 67 
4. 20 
4. 56 
4. 60 
5. 25 
3. 15 
2. 46 

Mg 

0. 61 
2. 41 
3. 82 
3. 34 
2. 02 
5. 25 
3. 59 
3. 12 
2. 70 
2. 35 
3. 40 
3. 54 
1. 74 
1. 74 
1. 85 
2. 30 
2. 90 
2. 40 
2. 32 
3. 30 
2. 66 
3. 10 
4. 75 
3. 02 
4 . 7 6 

Na 

5. 00 
5. 40 
6. 10 
5. 70 

12. 00 
1. 24 
7. 05 
5. 10 
5. 50 
6. 56 
3. 00 
4. 30 
4. 00 
4. 00 
8. 00 
4. 50 
4. 00 
4. 95 
4. 16 
3. 10 
4. 64 
6. 94 
4. 70 
7. 71 
6. 14 

K 

0. 25 
0. 27 
0. 14 
0. 23 
0. 18 
0. 16 
0. 18 
0. 30 
0. 12 
0. 14 
0. 35 
0. 25 
0. 22 
0. 20 
0. 15 
0. 16 
0. 20 
0. 16 
1. 15 
0. 60 
0. 15 
2. 00 
0. 18 
0. 12 
1. 24 

co 3 Hco3 

5. 3 
5. 09 
7. 66 
7. 40 
4. 90 
5. 20 

10 .80 
1. 16 
6 . 40 
3. 18 
5. 60 
7. 20 
5. 20 
5. 20 
4. 14 
5 .41 
5. 30 
5. 40 
6. 40 
5. 00 
7. 00 
6. 40 
7. 00 
5. 80 
6. 58 

so4 

0. 88 
2. 80 
0. 83 
1. 32 
3. 38 
2. 38 
0. 11 
5. 86 
0. 92 
4. 02 
1. 04 
0. 02 
0. 50 
0. 48 
1. 74 
0. 79 
1. 30 
1. 09 
1. 30 
0. 92 
0. 69 
6. 03 
4. 04 
3. 73 
4. 26 

Cl 

4. 08 
3. 76 
6. 11 
5. 28 
9. 60 
4 . 32 
3. 60 
5. 00 
4. 00 
5. 00 
3. 36 
3. 50 
4. 70 
4. 70 
6. 27 
4. 16 
3. 60 
4. 14 
3. 60 
5. 28 
4. 32 
4. 20 
3. 84 
4. 47 
3 . 76 

1. 4. 5. EB 07, c a l i b r a t i on m e a s u r e m e n t s 

Date 

9/C9/81 
21/10/81 
26/01/82 

Hm 

1.84 
1. 78 
1 .95 

37. 24 
33 . 46 
2 8 . 47 

1. 5. EB_08j__Bahr Bagjijj lram_at_^Kub_riJBahr_Bag_ar" 

The m e a s u r e m e n t point i s a b r i dge o v e r the d r a i n ( s ee fig. A 1-5) 



Hm: 

EC: 

Fig. A 1-5: Situation sketch EB 08 
(taken from measurement forms) 

Dirt rood to vllloo» 
H u d 

Gonobtya Drain 

Distance 10 14 18 22 26 30 34 38 42 46 49 

travelling 
time floats 

Resistance body type 

Depth 
reading 

Angle 

1. 5. 1. EB 08, cross section at measurement location 

Distance 
(m) 

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 * 
36 
38 
40 
42 
44 
46 
48 
50 

no of 

Upstream 

excess 
pieces(m) (cm) 

3 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
4 
3 

70 
16 
81 
36 
16 
65 
65 
30 
9 

14 
26 
91 
79 
70 
55 

70 
71 
67 
75 
83 
25 
26 
56 
91 
60 
19 

Depth 

no of 

Downstream 

pieces(m) 

3 
3 
4 
4 
5 
5 
5 
5 
6 
6 
5 
5 
6 
6 
6 
5 
6 
6 
6 
6 
5 
5 
5 
4 
4 
3 

excess 
(cm) 

69 
15 
66 
13 
90 
80 
60 
20 
92 
95 
28 
7 

79 
69 
84 
5 

81 
73 
74 
74 

5 
21 
46 
11 
60 
16 

Piers 
rel instrument reading 

upstream 

9.60-10.00 
10.60-11.00 

16.40-16.80 

20.40-20.80 

29.60-30.00 
31.40-31.80 

39.50-39.90 
40.60-41.00 

1. 39 
1.39 
1.40 
1. 40 
1.40 
1. 39 
1. 39 
1. 40 
1.39 
1. 38 
1. 38 
1.37 
1. 36 
1.34 
1. 33 
1.41 
1.41 
1.42 
1.41 
1.40 
1.40 
1. 39 
1.40 , 
1.40 
1. 39 
1.38 

downstream 

1. 37 
1.38 
1.38 
1. 38 
1. 38 
1. 38 
1.39 
1.39 
1. 38 
1.38 
1.38 
1.34 
1.34 
1. 33 
1.31 
1.40 
1.40 
1.41 
1.41 
1.40 
1.40 
1.41 
1.40 
1.40 
1.40 
1.37 

Date of observation: 08/12/80 
* At reference point: No of pieces 6; excess 73; instrument reading 1. 41 



1. 5. 2. EB 08, float mea suremen t s 1980 

Dat* 

ZO/12/79 
6 /01/80 

27 /01/80 
10/02/80 
25/02/80 
9 /03/80 

23/03/80 
13/04/80 
20 /04/80 
4 /05 /80 

26/05/80 
3 /06 /80 

15/06/80 
29 /06/80 
16/07/80 
31 /07/80 
18/08/80 
22/09/80 
4 /10 /80 

27 /10/80 
11 /11/80 
24/11/80 
7 /12/80 

25 /12/80 
10/01/81 

Hm 

2. 11 
2 .31 
2 .42 
2. 54 
2 .33 
2 .40 
2 .34 
2 .45 
2. 58 
2. 82 
2 .46 
2 .44 
2. 50 
2. 55 
2. 53 
2. 44 
2 .39 
2. 18 
2 .22 
2. 56 
1 .35 
2 .30 
2 .35 
2 .22 
2 .24 

2 

20 .0 
35 .6 
22 .0 

-
Pi 

37 .4 
-

40.0 
22. 0 
28. 8 

. 

. 
44.5 

. 
18.2 
39. 2 
22. 8 
21 .0 
28 .0 

120. 0 
. 

32. 0 
48. 0 
20 .6 

-

6 

16.7 
21 .0 
18 .8 
18 .2 

Pi 
18.0 
34 .6 
16.8 
14. 5 
31 .3 
28. 0 
29 .8 
22.6 
36. 2 
11 .8 
17 .2 
18 .2 
18. 5 
22. 0 
45. 0 
19. 0 
27. 8 
31. 0 
17 .4 
50.6 

10 

3 1 . 0 
21 . 6 
27 .2 

-
Pi 

4 0 . 2 
37 .2 
40. 0 
22 .0 

. 
_ 

48. 1 
. 

72 .4 
11 .0 
48. 0 
63 .0 
15. 5 
38. 0 
72 .0 
13. 0 
35. 0 

-
41 . 4 
53 .8 

14 

36 .0 
26 .6 
32 .0 
31 .4 

Pi 
29 .0 
43. 2 

_ 
18.5 

_ 
_ 
. 

35 .0 
73. 5 
9 .7 

37 .0 
27 .4 
14 .0 
15 .2 

_ 
30.0 
38 .0 
32 .6 
20 .0 
51 .2 

Travelling 

18 

13.7 
17. 1 
18 .0 
16.0 

Pi 
18.0 
49 .2 

-
12. 0 
19.0 
27. 0 
30 .4 
15.7 
15. 5 
9 .0 

12.0 
17.8 
13. 0 
17.0 
33 .0 
22 .0 
27 .0 
17.0 
11.4 
11.8 

22 

11 .2 
13 .0 
13.8 
13 .4 

Pi 
14.2 
29 .0 
12 .4 
8. 5 

15.7 
22 .0 
20.6 
11.4 
12.4 
9 .8 
9/6 

12.2 
11.5 
12.6 
17.0 
18.0 
16.2 
12.6 
10.4 
14.0 

t ime floats (ace) 

26 

10 .5 
11 .8 
11 .4 
12 .2 

Pi 
11 .4 
30. 8 
11 .0 
9 . 5 

14 .5 
15 .8 
16 .6 
10 .0 
11 .0 
10 .6 
10 .3 
10. 0 
11 .0 
13 .0 
14 .0 
10 .0 
14. 0 
13 .0 
10 .4 
1 1 . 4 

30 

12.5 
12 .4 

_ 
. 

Pi 

30 .0 
11 .2 

. 

. 

. 

. 
-
-

16.8 
12. 0 
9 .0 

19.0 
. 

16.0 
10 .0 
13.0 

. 
12.0 
10 .8 

34 

11.0 
11.4 
10.8 
11.2 

Pi 
12.0 
19.0 
15.5 
8 .0 

17.0 
19.P' 
17.5 
11.2 
13.2 
25.0 
8 .4 

10.0 
25.0 
12.0 
17.0 
12.0 
13.0 
15.2 
11.2 
11.8 

38 

13.0 
12. 8 
12.6 
15.0 

Pi 
11.8 
19. 0 
11.7 
10. 0 
16 .6 
26. 1 
22 .0 
13 .4 
15 .0 
31 .8 
9 .4 

11.2 
41 .0 
13.0 
25 .0 
9 .0 

14.6 
19.0 
17 .0 
15 .0 

42 

14. 5 
15. 1 
14. 8 
15. 0 

Pi 
15 .0 
25 .0 
13. 8 
10. 0 
20. 1 
43 .0 
22. 2 
16 .0 
21. 5 
19.3 
11.6 
14 .0 
34 .0 
18 .0 
45 .0 
10.0 
17.0 
25 .2 
14 .8 
17 .2 

46 

16.7 
14.9 
16.6 
17.2 

Pi 
16.2 
30 .8 
13.5 
11.0 
23 .4 
42.2 
31.2 
19.6 
24.4 
26.0 
14.7 
17.6 
19.5 
22.0 
47 .0 
12.0 
20 .6 
22 .4 
17.0 
20 .2 

49 

17.0 
61.8 

_ 
. 

Pi 
34 .0 
35. 2 
17.8 

. 

. 

. 
48.0 

. 

. 

. 
20.0 
21.6 
39 .0 

. 
59.0 
14.0 
24 .0 
a l . 4 

. 
22.8 

1. 5. 3. EB 08, pendulum mea suremen t s 1980 

Data 

9 /03 /80 
23/03/80 
13/04/80 
20 /04/80 
4 /05 /80 

26 /05/80 
3 /06/80 

15/06/80 
29 /06/80 
16/07/80 
31 /07/80 
18/08/80 
22 /09/80 
4 /10 /80 

27 /10/80 
11/11/80 
24 /11/80 

7 /12/80 
25/12/80 
7/01/81 

Reelat 
body 
type 

K 
K 
K 
K 
K 
K 
K 
K 
K 
L 
L 
K 
L 
L 
K 
L 
K 
K 
K 
K 

40 

19 .5 
20 .0 
17 .0 
25 .0 
19 .0 
17. 5 
14 .0 
17. 5 
16 .0 
9 .0 

10 .0 
13 .0 
14 .0 
13. 5 
17. 5 
14. 5 
11 .0 
9 .0 

13. 0 
15 .0 

38 

14. 5 
17 .0 
11. 5 
20. 5 
17. 5 
12. 5 
17 .0 
23. 5 
25 .0 
11 .0 
13 .0 
23 .0 
13. 5 
11. 5 
15. 0 
10. 5 
15. 5 
11 .0 
15 .0 
14. 0 

36 

14 .0 
15 .0 
14 .0 
20 .0 
20 .0 
12 .5 
17. 0 
23. 0 
24 .0 
12. 0 
12. 5 
23 .0 
12 .0 
15 .0 
11 .5 
8. 5 

19 .0 
13 .0 
18. 0 
18 .5 

34 

17. 5 
15 .0 
19 .0 
21. 5 
21 .0 
18 .5 
17. 5 
23 .0 
25 .0 
11 .0 
13. 5 
22 .0 
11. 5 
15 .0 
10 .0 
8. 5 

19 .0 
14. 5 
18. 5 
21 .0 

32 

19 .5 
16 .0 
17 .0 
21. 0 
20. 0 
19. 5 
19. 0 
25 .0 
25. 0 
11 .0 
14 .0 
22 .0 
11. 5 
15 .5 
8. 5 
9 .5 

20. 0 
14. 6 
20. 0 
16 .5 

Depth 

30 

20. 0 
16 .0 
15 .0 
25. 5 
20. 0 
19. 5 
19 .0 
24 .0 
25 .0 
10. 0 
14. 5 
25 .0 
12. 5 
16 .0 
7 . 0 
9 . 0 

20. 5 
15 .0 
20 .5 
20. 0 

reading, cp l 

28 

19. 5 
18. 0 
17.0 
26. 0 
21. 5 
19. 5 
19. 5 
26 .0 
23 .5 
11.0 
13.5 
23 .0 
13.0 
16. 0 
15.0 
7 .0 

19. 0 
14.0 
21. 0 
18 .0 

26 

19 .0 
21 .0 
17.0 
23 .0 
23. 0 
20, 0 
18. 0 
25 .0 
20 .0 
10. 5 
13.5 
24. 0 
11. 0 
16.5 
14. 0 
8 .5 

17.5 
14. 0 
19. 5 
18.5 

, (dm) (adjui 

24 

21 .5 
22 .0 
17 .5 
25 .0 
23 .0 
20. 0 
19.5 
26 .0 
22. 0 
8 .5 

13 .5 
24. 0 
11. 0 
17 .0 
15 .0 
8 .0 

20. 5 
15 .0 
18.5 
15.5 

22 

20 .0 
22 .0 
16 .0 
26 .0 
21. 5 
20. 0 
18 .5 
24. 0 
23 .0 

8 .5 
13. 0 
24 .5 
10. 5 
18 .0 
13 .0 
7 .5 

19 .0 
15 .0 
20. 0 
17 .0 

•ted numbers) 

20 

19 .0 
29. 0 
16 .5 
27. 0 
18. 0 
18 .0 
18 .5 
24 .5 
21 .0 
9. 5 

12. 0 
24 .0 
10 .0 
15 .5 
12 .0 
9 .0 

17 .0 
14 .0 
20 .0 
18. 5 

18 

20. 0 
19.0 
16 .0 
23. 5 
16 .5 
18. 5 
18 .0 
20 .0 
2 1 . 0 
11 .0 
12. 5 
20. 0 

9. 5 
14 .0 
13 .0 
9 . 0 

17. 5 
14 .0 
19 .5 
19. 5 

16 

18.0 
20.0 
16. 0 
26. 0 
16.0 
18. 5 
20. 0 
20. 0 
20. 0 
11.0 
11. 0 
20 .5 

9 .0 
14.5 
14.5 
9. 5 

17.5 
11.0 
19. 0 
19.5 

14 

20 .0 
22. 0 
16.0 
29. 0 
16. 0 
20.0 
-

19. 5 
_ 

11.0 
11.0 
20. 0 
10. 0 
13. 0 
14. 0 
8. 5 

15. 5 
13. 0 
17 .0 
17.5 

12 

21 .5 
20 .0 
16 .0 

. 
19.0 

_ 
-
. 
. 
. 
. 
. 

9 .0 
I t 5 
10. 0 
7 .5 

13. 5 
' - • ' 

19. 0 
22 .0 

10 8 

_ 
-

-
. 
. 
. 
-
. 
. 
-
. 
-

8 .5 
14 .0 
9. 5 8, 0 
7. 0 6. 5 
. 
-
-
-

1. 5. 4. EB 08, waterquality mea suremen t s 1980 

Date 

2 0 / 1 2 / 7 9 
6 / 0 1 / 8 0 

2 7 / 0 1 / 8 0 
1 0 / 0 2 / 8 0 
2 5 / 0 2 / 8 0 

9 / 0 3 / 8 0 
2 3 / 0 3 / 8 0 
1 3 / 0 4 / 8 0 
2 0 / 0 4 / 8 0 
4 / 0 5 / 8 0 

2 6 / 0 5 / 8 0 
3 / 0 6 / 8 0 

1 5 / 0 6 / 8 0 
2 9 / 0 6 / 8 0 
1 6 / 0 7 / 8 0 
3 1 / 0 7 / 8 0 
1 8 / 0 8 / 8 0 
2 2 / 0 9 / 8 0 

4 / 1 0 / 8 0 
2 7 / 1 0 / 8 0 
1 1 / 1 1 / 8 0 
2 4 / 1 1 / 8 0 
7 / 1 2 / 8 0 

2 5 / 1 2 / 8 0 
1 0 / 01 / 81 

EC 

1 .04 
1 .16 
2. 21 
1. 70 
1. 02 
1. 14 
1 .66 
1. 22 
1. 16 
1 .21 
1. 04 
1. 10 
1. 11 
1. 11 
1 .13 
1. 09 
1. 13 
1. 11 
1 .15 
1. 15 
1. 18 
1 .67 
1 .61 

1 .55 
1 .44 

pH 

7. 15 
7. 10 
7. 60 
7. 60 
7. 00 
7. 15 

-
7. 20 
7. 30 
7 . 25 
7. 40 
7. 30 
7 . 30 
7 . 30 
7. 50 
7. 80 
7. 10 
7 . 6 0 
7 . 30 
7 . 4 0 
7 . 30 
7. 50 
7. 10 

7. 95 
7. 20 

Ca 

4 . 9 5 
3. 87 
8 . 66 
5. 25 
3. 68 
4 . 7 3 
5. 25 
4. 00 
3. 00 
3. 67 
3. 50 
3. 64 
3 . 61 
3 . 61 
3. 20 
3 . 9 4 
3. 15 
3. 15 
4. 20 
3. 67 
3 . 9 9 
5 . 41 
4 . 4 6 

3 . 4 0 
1 .82 

Mg 

0. 97 
2 . 63 
8. 10 
4 . 2 5 
2. 73 
3 . 77 
2. 51 
3. 10 
3. 65 
3. 83 
2. 67 
3 . 0 0 
2. 09 
2. 09 
0. 80 
2. 31 
2. 10 
2. 85 
3 . 3 0 
2. 83 
4 . 61 
3. 20 
4 . 7 9 
3 . 2 6 
4 . 71 

Na 

4. 20 
4. 50 
5. 00 
7. 90 
3. 50 
2. 70 
8. 64 
5 . 30 
4. 83 
4. 48 
3. 70 
4. 20 
5. 20 
5. 30 
7. 70 
4. 50 
4. 10 
4. 94 
3. 80 
5. 10 
3. 20 
6. 09 
7 . 30 

8 .73 
7 . 66 

K 

0. 25 
0. 23 
0. 25 
0. 23 
0 . 2 4 
0. 20 
0. 20 
0 . 30 
0. 12 
0. 12 
0. 35 
0. 24 
0. 20 
0. 12 
0. 2Ü 
0 . 20 
2. 00 
0 . 16 
0. 20 
0. 10 
0. 20 
2. 15 
0. 12 
0. 11 
0 .21 

C 0 3 HCOg 

5 . 51 
6 . 63 
7. 31 
7. 40 
5. 20 
5. 20 

10. 80 
1. 20 
6. 00 
3. 18 
5 . 60 
6. 00 
5 . 40 
5. 40 
6 . 46 
6. 03 
5 . 42 
5 . 76 
6. 80 
6. 10 
7 . 0 0 
6. 18 
6. 00 
6 . 00 
6 . 20 

so4 

Ó. 28 
0. 00 
9. 06 
3. 51 
2. 07 
2. 36 
2. 20 
3. 50 
1 .67 
3. 92 
0. 54 
0 . 68 
1 .00 
1. 02 
0. 38 
0. 50 
0 . 89 
1 .60 
0 . 65 
0. 48 
0. 68 
5 . 90 
6 . 35 
6 . 68 
4. 67 

Cl 

4. 58 
4. 60 
5. 64 
6. 72 
2. 88 
3. 84 
3. 60 
8. 00 
4. 00 
5. 00 
4. 08 
4. 40 
4. 70 
4. 70 
5. 06 
4 . 4 2 
4 . 9 4 
4. 14 
4 . 0 5 
5. 12 
4. 32 
4. 62 
4 . 3 2 
2. 82 
3. 53 



1. 5. 5. EB 08, calibration measurements 

Date Hm 

27/09/81 
1/11/81 
7/02/82 

2. 10 
2. 21 
2. 48 

43. 63 
29. 02 
23. 85 

1. 6. EH J>2,_Hanut jpum£_station 

The measurement point is a pumpstation pumping the drainage water of Bahr Saft El Qibly drain 
into the irrigation system (see fig. A 1-6) 

No of pump units in operation: 

E C : 

Fig. A 1-6. Situation sketch EH 01 and EH 02 
(taken from measurement forms) 

1. 6. 5. EH 05, calibration measurements dd. 28/10/81 

- level measurements of the fixed points 

Instrument 
location 

Beacon 
location 

Instrument reading 

backward forward 
Remarks 

2. 206 

1.478 
0. 284 

1. 040 

fixed point suction side 

fixed point delivery side 

water level measurements during calibration 
Hm (delivery) 

Time 
Hm (suction) 

(m) (m) 

10. 00 
10. .15 
10. 30 
10.45 
11.00 
11. 15 
11.30 
11.45 
12. 00 
12. 15 
12. 30 
12.32 
12.45 
13. 00 
13. 15 
13. 30 
13.45 
14. 00 

0. 71 
0.66 
0. 685 
0. 68 
0. 665 
0. 65 
0. 64 
0. 64 
0. 63 
0. 62 
0. 62 
0.725 
0. 745 
0. 765 
0. 80 
0. 81 
0. 825 
0. 83 

0. 
0. 

0. 
0. 
0 
0 
0 
0 
0 

88 
975 
03 
09 
10 
125 
145 
155 
175 
18 
18 
77 
66 
575 
49 
44 
42 
40 



- Calibration measurements (number of revolutions per 30 sec. ) 
OTT Wing number: 1-68827 Width of approach channel: 3. 25 m 

Depth from 
bottom 

(m) 

P U M P UNIT 1 

0.125. 0.625 

: STARTING TIME 10. 

Distance from approach channel's side (m) 

1.125 1.625 2.125 

00; ENDING TIME 10.45 

2. 625 3. 125 

0. 25 
0. 75 
1. 25 
1. 75 
2. 25 
2. 75 
3. 25 

60 
37 
38 
51 
53 
60 
47 

60 
37 
53 
63 
62 
62 
62 

53 
58 
51 
61 
63 
54 
50 

52 
41 
58 
52 
66 
56 
59 

41 
38 
56 
58 
60 
64 
53 

39 
37 
51 
61 
53 
51 
45 

41 
35 
32 
30 
31 
36 
25 

Total depth(rn) 3. 37 3. 38 3. 32 3. 32 

PÛ MP~ÜNÏTT:~ST'ABT"ÏNG "TÎMÊTST^O? _ENDlNG_fl'ME_r4TÖ0"~ 

3. 35 3.37 3.39 

0. 25 
0. 75 
1.25 
1. 75 
2. 25 
2. 75 

43 
46 
45 
45 
34 
35 

43 
46 
51 
50 
51 
51 

44 
51 
55 
59 
51 
53 

53 
59 
58 
57 
55 
46 

59 
66 
61 
60 
44 
53 

55 
65 
53 
54 
44 
55 

50 
44 
46 
56 
42 
57 

Total depth(rrj 3. 27 3. 27 3. 21 3. 21 3. 24 3. 27 3. 27 

PUMP UNIT 1: STARTING TIME 11.00; ENDING TIME 11.45 

0. 25 
0. 75 
1. 25 
1. 75 
2. 25 
2. 75 
3. 25 

45 
63 
58 
50 
39 
44 
42 

59 
60 
65 
44 
61 
66 
55 

46 
55 
60 
50 
63 
66 
61 

54 
58 
53 
52 
42 
55 
63 

44 
61 
64 
61 
55 
56 
58 

57 
65 
62 
49 
53 
63 
57 

21 
56 
50 
51 
43 
53 
47 

Total depth(m7 3. 45 3.45 3.45 3.45 3.45 3.45 3.45 

PUMP UNIT 2: STARTING TIME 13. 00; ENDING TIME 13. 30 

0. 25 
0. 75 
1. 25 
1. 75 
2. 25 
2. 75 

44 
58 
43 
45 
41 
47 

49 
58 
57 
54 
44 
55 

52 
61 
45 
59 
42 
53 

53 
61 
49 
57 
55 
60 

49 
63 
54 
49 
50 
59 

58 
65 
46 
60 
47 
59 

50 
45 
46 
59 
49 
58 

Total depth(m7 3. 31 3.31 3. 31 3.31 3.31 3.31 3.31 

PUMP UNIT 3:STARTING TIME 11. 45; ENDING TIME 12. 30 

0. 25 
0. 75 
1.25 
1. 75 
2. 25 
2. 75 
3. 25 

55 
55 
54 
50 
51 
52 
37 

63 
64 
66 
62 
65 
65 
-

62 
60 
65 
67 
61 
66 
-

51 
56 
65 
66 
64 
62 
65 

55 
51 
66 
66 
60 
52 
59 

60 
64 
67 
61 
62 
60 
54 

59 
44 
65 
50 
46 
60 
52 

Total depth(m7 3. 27 3. 26 3. 20 3.30 3. 35 3.45 3.45 

PUMP UNIT 3: STARTING TIME 12. 35; ENDING TIME 13. 00 

0. 25 
0. 75 
1.25 
1.75 
2. 25 
2. 75 

54 
66 
64 
55 
50 
55 

62 
69 
66 
59 
58 
59 

66 
71 
67 
69 
51 
42 

44 
70 
62 
61 
55 
46 

46 
63 
65 
66 
58 
52 

52 
51 
62 
60 
58 
57 

42 
52 
51 
51 
51 
49 

Total depth(m7 3. fO 3.09 3. 03 3. 13 3. 18 3.28 3. 28 



1. 7. EHJI t -Bah^Hadj i^ j î^a in^^K^bj '^Bahr_H^dus r 

The measurement point is a bridge over the drain (see fig. A 1-7) 

Atphaltroadto vtllagt 

__^ Canatwya drain j 

Umum El Btf»«trO dram t 

f Hon Qat«W 

EC : 

H m : 

Fig. A 1-7. Situation sketch EH 11 
(taken from measurement forms) 

Sahrhodus drain 

Asohal 
road toaddifconat 

Qa«ob punp shrtm 

Distance 2 6 10 14 18 22 26 30 34 38 42 .46 50 54 58 62 66 

Travelling 

Time floats 

Resistance body type: 

Depth ' 
reading 

i i i i i i t t 

Angle 

1. 7. 1. EH 11, c ross section at measurement location 

Distance 
(m) 

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 * 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 

'up st 

no of 
pieces(m) 

4 
4 
4 
5 
5 
6 
6 
6 
7 
7 
7 
7 
7 
6 
6 
7 
7 
7 
7 
6 
6 
7 
7 
7 
7 
6 
7 
7 
6 
6 
5 
5 
5 
4 
4 

ream 

excess 
(cm) 

91 
72 
30 
87 
26 
87 
70 
34 
85 
60 
56 
72 
87 

1 
5 

72 
51 
38 
69 
34 
17 
77 
63 
60 
71 

8 
90 
91 
27 
93 
53 
75 
98 
23 
48 

Depth 
down st 

no of 
pieces(m) 

4 
4 
4 
5 
5 
6 
6 
7 
7 
7 
7 
6 
6 
6 
6 
6 
7 
7 
7 
6 
6 
6 
7 
7 
7 
6 
6 
6 
6 
6 
5 
4 
4 
4 
3 

ream 

excess 
(cm) 

64 
61 
27 
81 
23 
62 
22 
91 
75 
77 
85 
12 
33 
62 
29 
25 
90 
62 
71 
19 
22 

7 
70 
73 
66 
10 

2 
13 
17 
98 
60 
41 
41 
68 
27 

x̂ iers 

1.20- 1.50 

11.70-12.00 
12.70-13.00 

23.00-23.30 
24.30-24.60 
25.50-25.80 
27.30-27.60 
28.10-28.40 
29.30-29.60 

38.50-38.80 
39.50-39.80 

49.70-50.00 
50.70-51. 00 

61.30-61.60 
62.30-62.60 

67.30-67.60 

Instrument 1« 

upstream 

0. 90 
1. 04 
1. 06 
1.08 
1. 11 
1. 11 
1. 11 
1.10 
1.09 
1. 08 
1. 08 
1.32 
1. 30 
1.31 
1. 22 
1. 01 
1. 00 
1. 01 
1.03 
1. 06 
1.08 
1. 08 
1. 09 
1. 11 
1.12 
1. 12 
1. 11 
1. 11 
1. 10 
1. 11 
1. 12 
1. 11 
1. 10 
1. 10 
1. 28 

»vel reading 

downstream 

0. 90 
1.36 
1. 33 
1. 38 
1. 38 
1. 36 
1. 31 
1.31 
1. 36 
1. 31 
1. 36 
1. 26 
1.29 
1.30 
1. 22 
1.25 
1. 25 
1. 24 
1. 23 
1.24 
1.34 
1. 29 
1. 30 
1.29 
1. 27 
1. 28 
1. 28 
1. 30 
1. 28 
1. 32 
1.30 
1. 28 
1.32 
1. 30 
1. 28 

* At reference point: No of pieces 7; excess 77 cm; Instrument reading 1. 31 



1. 7 . . 2 EH 11, F loats , e a surement s 1980 

Date 

2 0 / 12 /79 
6 /01 /80 

27 /01 /80 
10 /02 /80 
25 /02 /80 

9 /03 /80 
23 /03 /80 
13 /04 /80 
20 /04 /80 
4 / 05 /80 

26 /05 /80 
3 / 06 /80 

15 /06 /80 
29 /06 /80 
16 /07 /80 
31 /07 /80 
18 /08 /80 
22 /09 /80 
4 / 10 /80 

27 /10 /80 
11 /11 /80 
24 /11 /80 
7 /12 /80 

25 /12 /80 
7 /01 /81 

Hm 

2. 37 
2. 52 
2. 77 
2 .76 
2. 38 
2. 48 
2. 66 
2. 51 
2. 52 
2. 63 
2. 53 
2. 61 
2 .49 
2. 67 
2. 35 
2. 30 
2. 33 
2. 14 
2. 90 
2 .46 
2. 36 
2. 30 
2. 43 
2. 35 
2. 03 

2 

14 .4 
29. 2 
29 .6 
52.6 
13. 0 
26 .4 
37 .0 
18. 0 
18. 0 
45. 6 
30. 2 
24. 0 
17. 0 
51. 9 
23. 8 
30. 0 
28. 2 
51 .0 
30. 0 
17 .0 

-
-

35. 6 
20. 0 
28. 6 

6 

9 . 6 
15.3 
18. 6 
29 .6 
10.0 
11.0 
14.2 
9 .0 

14.0 
27. 0 
22 .6 
16. 0 
13. 5 
20. 3 
13.4 
12 .0 
14. 7 
16. 5 
14. 0 
12.0 
18. 0 
17.0 
23. 0 
14. 0 
19. 0 

10 

9 . 6 
12. 5 
18 .6 

-
9 .2 

10.7 
12. 8 
10.0 
13. 6 
25 .0 
14. 5 
15.2 
12.6 
17.2 
9 .8 

11.3 
12. 0 
13.0 
10. 0 
11 .0 
19 .0 
13 .4 
23 .0 

-
13. 2 

14 

8. 7 
12 .3 
23. 8 
23 .0 
8. 0 

10.2 
12.6 
9 .2 

11.0 
20 .8 
13. 8 
14,8 
10 .2 
15. 2 
10. 0 
10. 0 
12 .0 
10. 0 
9 .0 

10. 0 
20 .0 
17.0 
17.0 
13 .4 
14. 2 

18 

9 . 8 
12 .4 
15. 8 
18.0 
7 .4 

10 .4 
11.6 
9 .6 
9 .9 

21. 6 
14.6 
14 .8 
9.7 

15.0 
9 .2 
8 .7 

11.0 
10.0 
8.8 

11.0 
17 .0 
12 .6 
14.2 
12 .4 
10 .8 

22 

9 . 2 
12 .9 
13 .9 

. 

. 

. 

. 

. 

. 
« 
. 

15.5 
8 .0 

19.7 
. 

7 .6 
. 

13.0 
11.0 

. 
19.2 

. 

. 

. 
9 .8 

Travelline time float 

26 

. 

. 

. 

. 

. 

. 
_ 
. 
. 
. 
. 
m 
. 
_ 
. 
. 
. 
. 
. 

12.0 
18 .6 

. 

. 

. 
-

30 

9 . 0 
12.9 
14.8 
18.0 
8 .6 

11 .0 
9 .8 

10. 2 
9 .9 

14 .3 
10 .0 
12 .4 
8 .4 

16.3 
8 .5 
8 .7 

10 .2 
10 .0 
7 .4 

12 .0 
18 .0 
10. 8 
13. 2 
11 .0 
11.2 

34 

9 . 2 
12. 5 
13 .4 
17.2 
7. 2 

10 .4 
10.6 
10 .0 
10 .4 
15. 5 
9. 5 

12 .6 
9 . 2 

16 .4 
8 .4 
7 . 8 
8 .8 

10 .0 
8 .6 

11 .0 
15 .0 
12. 0 
14 .0 
1 0 . 8 
11 .8 

38 

9 .5 
12.5 

. 

. 
6.2 

10. 7 
11.0 
10 .8 
10. 1 
13 .4 
7 .6 

10 .6 
9 .0 

15 .0 
9.7 

10. 2 
9 .0 

11 .5 
14 .0 
10 .0 
14 .0 
14. 8 
14 .6 

_ 
11.2 

s ( iec 

42 

9 . 4 
12.1 
14.0 
17.6 
6.6 
9 .4 

11.0 
9 .0 
9 .8 

12.4 
9 .4 

12.2 
8 .9 

15.8 
7. 5 
8 .6 
9 .4 

10. 0 
8 .0 
9 .0 

12.0 
13. 0 
14.4 
11.6 
10. 0 

) 
46 

9 . 0 
12.3 
13.4 
22.2 
6 .2 
9 .0 
9 .0 
8.7 
8.6 

10.4 
9 . 6 

11.0 
9 .5 

16. 0 
7. 2 
8 .0 
9 .5 

10.5 
6.0 

10. 0 
12. 0 
12 .0 
14. 0 
10. 0 
9 .6 

50 

9 . 2 
11.6 

_ 
6.0 

9.7 
8 .2 
8 .8 

10 .4 
9. 0 

10. 0 
7. 5 

15 .8 
6. 3 
8 .2 
9 .5 

22 .0 
7 .6 

10 .0 
17 .0 
20. 0 
13. 2 
10. 4 
9 .6 

54 

9 . 0 
11.8 
15.6 
24. 8 
5 .6 
8 .3 
9 .0 
8 .4 
8 .6 

12 .4 
9 .4 

10. 8 
8 .5 

14.3 
7 .2 
7 .5 
9 .5 
8. 0 
7 .8 

11. 0 
12. 0 
11 .0 
15.4 
10. 4 
10. 2 

58 

9 . 4 
12. 1 
14.4 
22. 0 
7. 0 
9. 5 

11.6 
7. 0 
8 .5 

19.2 
9. 9 

11.4 
9. 0 

17.2 
7. 4 
8. 7 
9 .7 
9. 0 

14. 0 

12. 5 
11.0 
17.6 
13. 0 
10.0 

60 

14. 0 
13. 8 

18. 4 
9. 2 

11. 0 
18. 2 

12. 6 
12. 6 
29. 0 

11.7 
10. 0 
9. 0 

20. 0 

19. 2 
14. 6 
10.8 

66 

12. 8 

11. 6 
17. 0 

16. 7 
35. 8 

13. 8 
11. 0 

30. 0 

22. 0 
18. 0 

1. 7. 3. EH 11, pendulum mea suremen t s 1980 

body ' 
«yp« 

Dapth raiding, c . (dm) (adjusted nunibara) 

38 36 34 32 18 16 

25/02/80 
9 /03/80 

23/03/80 
13/04/80 
20/04/80 
4 /05/80 

26/05/80 
3/06/80 

15/06/80 
29/06/80 
16/07/80 
31/07/80 
18/0B/80 
22/09/80 
4/10/80 

27/10/80 
11/11/80 
7 /12/80 

25/12/80 
7/01/81 

N 
K 
K 
K 
K 
K 
L 
K 
L 
K 
K 
L 
K 
K 
K 
K 
L 
K 
K 
K 

IS. 5 
22. 5 
17.0 
21 .0 
23. 5 
16. 5 
8. 5 
8. 0 
9. 5 
3 . 5 

13.0 
7. 5 
7 . 0 

22 .0 
17. 5 
16. 0 
10. 5 
11. 5 
12. 5 

1 . 0 

12. 5 
22 .0 
16. 5 
19. 5 
21.5 
14.0 
7. 5 

16.0 
16.5 
6. 5 

29.5 
16.0 
10. 5 
21 .0 
17.5 
16.0 
7. 0 

13 .0 
11. 5 

2 . 0 

13. 0 
22.0 
16.0 
18.0 
20.5 
11.0 
13.0 
17.5 
17.0 
7 . 5 

29.5 
16.5 
20. 0 
25 .0 
17.5 
16.0 

6 . 0 
14.0 
12.5 

3 . 5 

18.5 
24 .0 
15. 5 
17.0 
20. 0 
17. 5 
17. 5 
19.0 
17. 5 
9 . 5 

29. 0 
16.5 
21.0 
2 5 . 0 
18. 0 
15.0 

5. 5 
14. 5 
13.0 
5. 0 

24. S 
23 .5 
15 .0 
14 .0 
20. 0 
17. 5 
17 .0 
20 .0 
17.0 
10. 0 
28. 5 
15. 5 
22. 0 
27 .0 
18. 0 
14.0 
5. 0 

12 .0 
12.0 

5 . 5 

24.0 
24 .0 
15.5 
15.0 
19.5 
24 .0 
17 .0 
21 .0 
16.5 
10 .0 
28. 0 
15.0 
23. 0 
2 4 . 0 
21. 5 
14. 5 

6 . 0 
12. 0 
12.0 

6 . 5 

22.5 
23. 5 
19.5 
29.0 
19.0 
23 .0 
18.0 
20.0 
15.5 
10. 0 
28. 5 
14.5 
23.5 
25. 0 
20. 5 
15. 5 

5 . 5 
13.0 
12.5 
8. 0 

25.0 
23 .5 
20.0 
29.5 
27.0 
22 .0 
17. 5 
21. 0 
14.5 
7. 5 

28.5 
13. 5 
25.0 
25. 0 
20. 5 
16.5 

5 . 0 
13.5 
11. 5 

9 . 0 

23. 0 
24 .0 
20.5 
29.5 
27. 0 
21. 5 
17.0 
21. 5 
14.0 
7. 5 

27. 0 
13. 0 
25.0 
26 .0 
21. 0 
15.5 
4. 5 

14 .0 
12. S 

9 . 0 

22.5 
25 .0 
20. 0 
29.0 
27.0 
20 .0 
16.0 
20.5 
14. 0 

8 . 0 
26.0 
13. 0 
25.5 
24 .0 
21.5 
16.0 

6 . 0 
14.0 
12.5 

9 . 5 

21.0 
25 .5 
22 .0 
28 .5 
25. 0 
20 .5 
15. 5 
21 .0 
14. 5 
8 . 5 

27.0 
13.0 
25 .5 
2 6 . 0 
22 .0 
15 .0 

5 . 5 
14.0 
12.0 

9 . 5 

21.0 
26 .5 
22.0 
29.5 
27.0 
19.0 
14.0 
19.5 
12. 0 
9 . 0 

26.5 
12.5 
25.0 
26 .0 
21. 5 
19.0 

5 . 5 
12.5 
12.5 

9 . 5 

21.0 20.5 20.0 20.0 18.5 19. 0 -
24. 0 24. 0 24. 5 25. 5 27. 0 24. 5 25. 5 24. 0 24. 5 
23.0 21.0 23. 0 21.0 
27. 5 28. 5 27. 0 26. 0 27. 0 
25. 0 25. 0 24. S 23. 0 27. 0 
20. 0 23. 0 23. 5 
15. 0 13. 5 13. 0 12. 5 - - - , -

11. 5 12. 0 11.0 9 .0 - - - -
8. 5 8. S -

26. 5 26. 5 26. 0 27. 5 -
12.5 12. 0 11.0 10. 5 9. 5 
24. 0 23. 0 22. 5 21. 5 21. 5 
28. 0 27. 0 27. 0 27. 0 26. 0 25. 0 26. 0 25. 0 26. 0 27. 0 26. 5 
21.5 21.0 21.0 19.5 19.5 19.5 19.0 18.5 18.0 20.0 
17.0 19.5 18.0 18.5 18.5 18. 0 19. 0 
5. 5 4 .0 5.0 5. 5 5. 0 5 .0 5.0 5.5 6 .0 

11.5 12.5 13.5 12.0 11.5 11. 5 15. 0 -
11.5 13.0 11.0 11.0 10.0 12 .5 12.5 13.0 . . 
10.0 10.5 10. 5 11.0 15. 0 

1. 7. 4. EH 11, water quality mea suremen t s 1980 

Date EC pH Ca Mg Na K CO„ HCO„ 

2 0 / 1 2 / 7 9 
6 / 0 1 / 8 0 

2 7 / 0 1 / 8 0 
1 0 / 0 2 / 8 0 
2 5 / 0 2 / 8 0 

9 / 0 3 / 8 0 
2 3 / 0 3 / 8 0 
1 3 / 0 4 / 8 0 
2 0 / 0 4 / 8 0 
4 / 0 5 / 8 0 

2 6 / 0 5 / 8 0 
3 / 0 6 / 8 0 

1 5 / 0 6 / 8 0 
2 9 / 0 6 / 8 0 
1 6 / 0 7 / 8 0 
3 1 / 0 7 / 8 0 
1 8 / 0 8 / 8 0 
2 2 / 0 9 / 8 0 

4 / 1 0 / 8 0 
2 7 / 1 0 / 8 0 
1 1 / 1 1 / 8 0 
2 4 / 1 1 / 8 0 

7 / 1 2 / 8 0 
2 5 / 1 2 / 8 0 

7 / 0 1 / 8 1 

1. 57 
2. 52 
3 . 83 
4 . 5 1 
0. 99 
1. 87 
2. 31 
2. 21 
2 . 30 
2. 50 
1 .60 
2. 22 
2. 38 
2 . 09 
2 . 5 5 
2 . 5 5 
2. 55 
2 . 46 
2. 18 
2. 09 
2. 28 
2 . 73 
2 . 7 3 
2. 18 
2. 18 

7 . 4 
7 . 4 
7. 5 
7 . 6 5 
7. 25 
7 . 7 
-

7 .45 
7. 7 
7 . 4 
7 . 6 
7. 3 . 
7 . 4 
7 . 4 
7 . 2 
7. 8 
7 . 4 
7 . 6 
7 . 45 
7. 85 
7 . 9 
7. 5 
7 . 3 
8. 2 
7. 5 

5. 5 
4. 2 
9 . 5 
8 . 9 3 
3. 78 
5. 2 
5. 2 
5 . 0 
4. 5 
4. 7 
5 . 0 
3 . 6 
4 . 4 
3 . 4 
3. 14 
4 . 7 
5. 0 
4 . 7 
5. 3 
5 . 3 
5 . 4 
6 . 8 
5 . 7 8 
3 . 9 
1 .82 

2. 2 
7 . 0 
8 . 6 

1 0 . 7 6 
2. 5 
6 . 8 
6 . 4 
4. 5 
4. 5 
5 . 3 
2 . 6 
8. 0 
4 . 4 
3 . 4 
4. 86 
4 . 8 
4. 5 
4. 8 
4. 8 
3 . 8 
5 . 7 
2 . 3 
9. 22 
5 . 6 
9 . 49 

7. 7 
1 3 . 7 
20. 9 

2 5 . 0 
3 . 4 
6 . 5 

1 1 . 2 
13. 0 
13. 0 
14. 8 

8. 3 
11. 0 
14. 8 

. 15 .7 
17. 0 
1 5 . 5 
1 4 . 8 
15. 0 
11. 6 
11. 8 
1 1 . 7 

6. 2 
13. 0 
12. 3 
10. 21 

0 . 2 
0 . 2 
0. 2 
0. 21 
0. 22 
0. 2 
0 . 2 
0. 3 
0. 2 
0 . 2 
0. 1 
0. 2 
0. 2 
0 . 4 
0. 5 
0 . 2 
1. 1 
0. 1 
0. 2 
0. 1 
0. 2 
0. 2 
0. 25 
0. 2 
0. 28 

so. Cl 

3.6 
4 . 2 
5. 1 
6 . 2 
3 . 8 
3 . 6 
8 . 0 
9 . 2 
4 . 4 
2. 3 
4 . 4 
8 . 8 
5 . 6 
5 . 6 
4 . 7 5 
5. 4 
5. 3 
4. 5 
5 . 4 
6 . 7 
7 . 6 
4 . 6 
4 . 0 
4 . 2 
4 . 3 2 

0 . 3 
4 . 9 
6 . 0 
7 . 41 
2. 74 
6. 6 
0. 2 
0. 1 
7 . 1 
8 . 2 
2. 0 
2 . 9 
3 . 2 
0 . 3 
6. 03 
5 . 8 
5. 8 
5. 8 
6 . 5 
2 . 9 
3 . 4 
3. 09 

11 .77 
13. 1 
10. 29 

11 .7 
1 6 . 0 
2 7 . 3 
31. 2 

3. 36 
8. 5 

1 4 . 8 
13. 5 
1 1 . 5 
14. 5 

9 . 6 
1 1 . 2 
15 . 0 
15 . 0 
1 4 . 72 
1 4 . 0 
14 .3 
1 4 . 3 

9 . 9 
1 1 . 3 
1 2 . 0 
20. 0 
12. 48 

4. 7 
7. 29 



1. 7. 5. EH, calibration measurements 

The location for calibration measurements has been chosen + 20 m downstreams of the bridge 
(see fig. A 1-7) 

- Calibration measurement dd. 8/11/80 (number of revolutions) 
OTTnr. 1-68838; Starting time 12. 30; Ending time 14. 30; measurement interval 25. 6 sec. 
Hm at 12. 30; 2. 52; Hm at 14. 30: 2. 52 
Wate rie vel is zero at 0 m. and at 69 m from left bank facing the bridge 

D» 

130 
93 
56 
19 

5 

14 
17 
25 
23 

9 

D 

240 
225 
175 
125 
75 
25 

N 

15 
20 
27 
28 
29 
28 

] 

D 

269 
225 
175 
125 
75 
25 

13 

N 

17 
25 
27 
28 
33 
32 

17 

D 

260 
225 
175 
125 
75 
25 

N 

18 
21 
17 
19 
28 
28 

21 

O 

267 
225 
175 
125 
75 
25 

1 

N 

24 
25 
33 
31 
33 
34 

Dis 

25 

D N 

264 20 
225 27 
175 28 
125 30 
75 34 
25 37 

tance f 

29 

O 

263 
225 
175 
125 
75 
25 

N 

30 
30 
18 
15 
20 
19 

rom left bank facing the b 

33 

D N 

284 24 
275 25 
225 35 
175 36 
125 36 
75 35 
25 34 

37 41 

D N D 

269 26 218 
225 27 175 
175 26 125 
125 25 75 
75 25 25 
25 29 

ridg 

45 

N D N 

9 245 
11 225 
9 175 
7 125 

10 75 
25 

10 
12 
7 
6 
6 
5 

;e (m) 

49 

D N 

304 
275 
225 
175 
125 
75 
25 

20 
27 
32 
32 
34 
35 
25 

53 

O N 

320 
275 
225 
175 
125 
75 
25 

21 
27 
33 
31 
31 
31 
34 

57 

D N 

253 
225 
175 
125 
75 
25 

10 
14 
17 
16 
16 
12 

61 

D N 

164 17 
117 24 
70 27 
23 31 

65 

D N 

100 
71 
43 
14 

4 
?n 
18 
15 

66 

D N 

63 1 
45 7 
27 1 

9 6 

* Depth of measurement (cm), read from the depth counter at the reel 

Calibration measurement dd. 2/02/82 (number of revolutions) 
OTT nr.1-68827; Starting time 13. 30; .Ending time 15. 30; measurement interval 26. 2 sec. 
Hm at 13. 30: 2. 78; Hm at 15. 30: 2. 79 
Waterlevel is zero at 0 m and at 62 m from left bank facing the bridge 

1 

D 

35 
25 
15 

5 

N D 

160 

68 
22 

5 

N 

4 
8 
6 
6 

9 

D 

244 
225 
175 
125 
75 
25 

N 

9 
1? 
1? 
11 
11 
11 

1 

D 

241 
225 
175 
125 

75 
25 

13 

N 

10 
9 

11 
12 
11 
11 

D 

245 
225 
175 
125 
75 
25 

17 

N 

12 
11 
11 
11 
11 
11 

Distance from the 1 

21 

D N 

241 11 
225 7 
175 10 
125 13 

75 12 
25 12 

25 

O 

243 
225 
175 
125 
75 
25 

N D 

9 268 
9 225 
8 175 
6 125 

12 75 
19 25 

29 

N 

3 
4 
8 
9 

17 
25 

eft bank facing 

33 37 

D 

263 
225 
175 
125 
75 
25 

N D 

1 210 
3 175 
4 125 
4 75 

14 25 
20 

N 

2 
7 
9 
6 

the bridge 

41 

D 

220 
175 
125 
75 
25 

N 

1 
3 
4 
6 
7 

4! 

O 

303 
275 
225 
175 
125 
75 
25 

(m 

N 

1 
2 
6 
9 

11 
14 

) 

49 

D N 

287 2 
275 2 
225 8 
175 12 
125 16 
75 20 
25 24 

53 

D 

210 
175 
125 
75 
25 

N 

I 
3 
i 
I 

O 

119 
85 
51 
17 

57 

N 

2 
10 
13 
14 

61 

D N 

56 8 

24 9 
8 10 

- Pendulum measurements 

Date Time . Resist 
body 

9/11/81 13.00 

Hm « 2. 52 

8 /11/81 14.00 

Hm = 2. 52 

2 /02/82 14.00 

Hm ^ 2. 78 

2 /02/82 
H m •• 

15.00 
2 .79 

depth 
reading 

Angle 

depth 
reading 

Angle 

depth 
reading 

Angle 

depth 
reading 

Angle 

63 62 60 58 56 54 52 50 48 46 44 42 40 38 36 

10.5 7.0 5.0 .5 7.5 8.5 13.0 13.0 14.0 13.0 15.0 13.0 15.5 15.5 15.0 

63 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 

11.0 7.0 5.0 6.0 8.5 7.5 13.0 13.0 14.0 13.0 14.0 13.0 15.0 13.0 15.5 15.5 15.0 

66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 

1,0 0.5 0.5 1.0 1.5 2.5 2.0 2.5 2.5 2.0 2.0 2.0 1.5 2.0 2.5 3.0 

tf> <>* 62 60 58 56 54 52 50 48 46 44 42 40 38 36 

1.0 1.5 1.5 2.0 2.5 2.5 2.5 2.5 2.0 2.5 2.0 2.0 2.5 3.0 2.5 3.0 

- Float measurements (travelling time floats in sec) 

Date Time 

8/11/81 14.45 
2/02/82 16. 00 

Hm 

2.52 
2.79 

Distance (m) 

2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 

42 .0 21 .« 19.2 19 .0 18 .4 18.8 15 .0 15 .9 17 .4 17 .4 - - 18.2 16.0 35 .0 65 .4 
- 2 0 .4 18.6 132.0 23 .6 21 .4 - 22 .6 21 .0 20 .0 25 .0 22 .6 29 .8 21 .4 25 .5 

1. 8. EH 13, Bahr Hadus drain at "outfall' 

The measurement point is an open drain, with a simple wooden structure for pendulum and water level 
measurement (see fig. A 1-8) 



EC : 

Hm: 

Fig. A 1-8: Situation sketch EH 13 
(Taken from measurement forms) 

Resistance body type: 

i i i i i i i i i i i i i i i 

Depth 
reading 

Angle 

1. 8. 3. EH 13, pendulum measurements 1980 

6 /08 /80 
18 /08/80 
22 /09/80 
4 /10 /80 

27 /10 /80 
11 /11/80 
24 /11 /80 
7 /12 /80 

25 /12 /80 
7 /01/81 

0. 54 
0. 55 
-
. 
-
-
-
-
-
-

Resist 
body 
type 

K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

40 

3. 5 
2 . 0 
3. 5 
4. 0 
2 . 0 

10. 0 
3. 5 
2. 0 
3 . 0 
1. 5 

38 

4. 0 
3. 5 
3. 5 
6. 0 
3. 0 
3 . 0 
4 . 0 
2. 0 
3. 5 
2 . 0 

36 

4. 5 
4. 5 
4 . 0 
5. 5 
3. 0 
2. 5 
5. 5 
3 . 0 
3. 5 
2. 0 

34 

5. 5 
4. 5 
3. 5 
6 . 0 
4. 0 
2. 5 
5. 5 
3 . 0 
5 . 0 
1. 5 

32 

5 . 0 
4. 5 
3. 5 
6. 5 
5 . 0 
2. 5 
4. 0 
2. 5 
4. 0 
1. 5 

Depth reading, c 

30 28 

6. 5. 7. 0 
4. 5 5. 0 
3. 5 3. 0 
7. 5 7. 5 
4. 5 5. 5 
2. 0 2. 5 
3. 5 3. 5 
1.5 1.0 
5. 5 5. 0 
2. 5 1.5 

26 24 

6. 0 5. 5 
5. 0 5. 5 
3. 0 3. 5 
6. 5 6. 0 
5. 5 6. 0 
2. 5 4. 0 
3. 5 4. 5 
1.5 1.5 
6. 0 6. 0 
2 .0 1.0 

dm 

22 

6. 5 
5, 0 
3. 5 
7. 5 
6 . 0 
8. 0 
4. 0 
3. 0 
6. 5 
1. 5 

(adjusted numbe 

20 18 

5. 0 5. 5 
4. 5 4. 5 
4. 0 3. 5 
7. 0 4. 5 
6. 5 6. 5 
4. 0 3. 5 
4. 0 3. 0 
2. 5 2. 0 
5. 5 5. 5 
2 .0 1.5 

16 

4. 5 
3. 0 
4. 0 
5. 0 
7 . 0 
4. 0 
3. 0 
2. 5 
4. 5 
3. 5 

r s ) 

14 

3. 5 
1. 5 
3. 5 
5. 5 
7. 5 
3. 5 
3. 5 
3. 0 
4. 5 
3 . 0 

12 

2 . 5 
1. 5 
3. 5 
5 . 0 
7. 0 
3. 0 
3. 5 
2. 0 
3. 0 
3. 0 

10 

1 .0 
1 . 0 

-
4. 5 
6 . 0 
2. 5 
2 . 5 
1. 5 
4 . 0 
2. 0 

8 

_ 
. 
_ 

4. 0 
7. 5 
3. 5 
2. 5 
1. 5 
4 . 5 
5. 5 

6 

. 
_ 
. 
. 

7 . 0 
1 . 0 
2. 0 
. 

4. 5 
-

4 

. 

. 
_ 
_ 

4 . 5 

_ 
1 . 5 

_ 
_ 
-

1. 8. 4. EH 13, waterquality measurements 1980 

Date 

8/12/79 
7/01/80 

28/01/80 
11/02/80 
26/02/80 
10/03/80 
24/06/80 
14/04/80 
21/04/80 
5/05/80 

27/05/80 
4/06/80 

16/06/80 
1/07/80 

16/07/80 
1/08/80 

18/08/80 
22/09/80 
4/10/80 

27/10/80 
11/11/80 
24/11/80 
7/12/80 

25/12/80 
7/01/81 

EC 

2. 13 
2. 24 
4. 33 
5.78 
2. 21 
2. 04 
2. 64 
2.47 
2. 13 
2. 29 
2. 16 
2.46 
2. 33 
2. 73 
2. 73 
2. 82 
2.73 
2. 73 
2.46 
2. 18 
2.46 
3. 28 
3. 19 
2. 55 
1. 15 

pH 

7. 55 
8. 2 
7 . 6 
7. 4 
7. 3 
7. 3 
. 

7 .2 
7. 5 
7. 4 
7 . 6 
7. 55 
7. 1 
7. 1 
7. 3 
7. 7 
7 . 4 
7 . 5 
7 . 3 
8 .0 
7. 8 
7 . 4 
7 . 4 
8. 1 
7. 1 

Ca 

4. 38 
4. 8 
9 . 0 

11.0 
5. 0 
4. 7 
6 .3 
5. 0 
4. 0 
4. 2 
5. 0 
6. 2 
5. 0 
6 .0 
3 . 6 
6 . 3 
5. 2 
5.7 
3. 2 
5 .0 
5. 1 
8. 0 
5. 78 
3 .9 
2. 0 

Mg 

4. 55 
3 . 6 
4. 1 

10.4 
5. 5 
7. 3 
5. 3 
5 .9 
4. 1 
5. 3 
3. 55 
6. 1 
4. 5 
4. 5 
4. 9 
5. 2 
5 .6 
5. 8 
2. 8 
5 .0 
6 . 0 
4. 8 
6. 22 
3. 7 
3. 14 

Na 

12. 0 
13.9 
30. 0 
36. 2 
11.4 
8. 2 

14.6 
13. 0 
13. 0 
13. 2 
13. 0 
12.0 
13. 6 
15.6 
19. 0 
16.5 
15.3 
15.7 
17.4 
11.9 
13. 7 
18.9 
18. 7 
17. 8 
6. 14 

K 

0. 2 
0. 2 
0. 1 
0. 2 
0. 2 
0. 2 
0. 2 
0. 2 
0. 1 
0. 22 
0. 05 
0. 3 
0. 2 
0. 2 
0. 18 
0. 2 
1. 1 
0. 1 
1. 2 
0. 1 
0. 2 
1. 1 
0. 5 
0. 1 
0. 22 

co3 

. 
-
. 
-
. 
-
-
-
-
-
-
-
-
-
. 
-
, 
. 
. 
-
-
-
-
-
-

HCO3 

4. 8 
3. 8 
4. 9 
5. 3 
3 . 6 
3 . 6 
8. 0 
0. 8 
4. 4 
2. 3 
4. 4 
2. 2 
5. 2 
5. 2 
4. 75 
5. 4 
5 .4 
5. 2 
6 .2 
6 . 6 
7. 6 
4. 5 
4. 8 
5. 4 
4.51 

so4 

7. 87 
5. 0 
8. 7 

11. 7 
7. 0 
5. 8 
2. 7 
7. 1 
6 .3 

12. 7 
5 .2 
7. 5 
1. 7 
5 .6 
7.75 
6 .9 
6 . 2 
6 . 0 
3 . 6 
2 . 7 
2. 1 

14. 0 
12. 5 
15.9 
0. 71 

Cl 

8. 46 
13.5 
29. 6 
40. 8 
11. 5 
11.0 
15.7 
16.5 
10. 5 
8. 0 

12.0 
15. 0 
16.4 
16.5 
15. 18 
15.9 
15.6 
16.1 
14.8 
12.7 
15.3 
14.3 
14.4 
4. 2 
6. 38 



1. 8. 5. EH 13, calibration measurements 

Date 

10/03/79 
10/04/79 
19/05/79 
19/06/79 
14/07/79 
6/08/80 

23/02/81 
15/11/81 
1/02/82 

1.9. M G 09, 

H m 

_ 
. 
. 
. 
. 

0. 54 
0. 57 
0. 54 
0. 67 

Q 

48. 26 
55. 57 
53. 34 
45. 09 
48. 89 
53. 94 
40. 75 
46. 17 

7. 56 

2 u m ^ station no. 4 

The measurement point is a drainage pump station (see fig. A 1-9) 

Af pholt road to pump 
station No 3 

No of pump units in operation: 

EC : 

Fig. A 1-9. Situation sketch MG 09 
(taken from measurement forms) 

1.9.2. MG 09, discharge measurements 1976 - 1980(10 m . month* ) 

Year 

1976 
1977 
1978 
1979 
1980 

Jan. 

15. 
19. 
22. 
19. 
22. 

997 
303 
608 
812 
053 

Feb. 

22. 
17. 

432 
491 

12.549 
15. 
15. 

798 
682 

Mar. 

24. 
27. 
30. 
26. 
26. 

124 
573 
449 
080 
703 

Ap 

21. 
26. 
32. 
25. 
27. 

r. 

837 
983 
128 
521 
527 

Ma 

23. 
23. 
22. 
24. 
24. 

y 

969 
096 
222 
739 
855 

Jun 

36. 
36. 
36. 
38. 
32. 

386 
421 
534 
983 
736 

Jul, 

43. 
44. 
45. 
49. 
41. 

472 
575 
677 
475 
587 

Aug. 

42. 
42. 
43. 
50. 
47. 

176 
891 
606 
929 
794 

Sep 

32. 
33. 
34. 
40. 
37. 

912 
894 
875 
949 
477 

Oct 

29. 
29. 
29. 
31. 
35. 

732 
862 
991 
767 
621 

Nov. 

29. 
25. 
22. 
22. 
23. 

144 
951 
758 
098 
127 

De 

21. 
22. 
23. 
23. 
27. 

c. 

796 
768 
740 
743 
858 

1. 9. 4. MG 09, waterquality measurement 1980 and 1981 (partly) 

Date EC pH Ca Mg Na K CO, HCO„ SO. 

16/04/80 
6/05/80 

20/05/80 
9/06/80 

22/06/80 
8/07/80 

25/07/80 
7/08/80 

30/08/80 
14/09/80 
27/09/80 
15/10/80 
6/11/80 

20/11/80 
30/12/80 
23/01/81 

9/02/81 
22/02/81 
6/03/81 

21/03/81 
4/04/81 

CI 

1.42 
2. 13 
1. 38 
1. 07 
1.92 
1.48 
1.43 
1.27 
1. 32 
1.40 
1. 51 
1. 04 
1.40 
1.40 
2. 28 
2.09 
6.44 
2.32 
1.81 
2.26 
1.36 

7.45 
7. 8 
7.4 
7.6 
7. 7 
7. 55 
8. 0 
7.3 
7. 65 
7.6 
7.6 
7. 4 
7.55 
7.4 
7. 5 
8. 0 
7. 2 
7. 0 
7.6 
7.6 
8. 2 

3. 5 
4. 2 
3. 54 
2. 1 
2. 75 
2. 63 
3. 15 
4.73 
3. 15 
3. 15 
3.21 
3. 68 
5.52 
3.89 
4.4 
4. 8 

14.3 
6.5 
6. 5 
3.8 
3. 1 

2. 68 
4.3 
3.74 
2.4 
4. 74 
4. 61 
2. 85 
1.77 
1.85 
2. 35 
6.79 
2. 83 
1.49 
6.94 
1.8 
6.3 

14.2 
6. 1 
0.6 
5.3 
3.0 

8. 0 
12. 28 

5. 3 
6. 08 

11. 56 
7. 54 
8. 36 
6.5 
8. 6 
7. 88 
4. 88 
3. 89 
6.69 
3.7 

16. 5 
10. 0 
35.4 
10.3 
10. 0 
13.3 
7.3 

0. 22 
0. 22 
1. 5 
0. 22 
0. 45 
0. 22 
0. 14 
0. 12 
0. 12 
0. 62 
0. 12 
0. 11 
0.3 
0. 16 
0. 2 
0.4 
1.2 
0. 5 
0.9 
0. 2 
0.2 

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

3.8 
3.6 
3.6 
4. 0 
4. 82 
4. 68 
4.99 
4.99 
4.7 
4. 8 
5.4 
4. 88 
5. 04 
4.0 
4.7 
4.0 
9.8 
4.0 
4.0 
3. 5 
3.3 

1.6 
4. 2 
2. 32 
0. 69 
6.36 
1. 58 
1.71 
0. 85 
1.37 
0. 53 
1.5 
1. 04 
0.36 
2.4 
8.3 
8.2 
4.0 
3.6 
3. 8 
2. 2 
6.8 

9. 0 
13. 2 
8. 16 
6. 11 
8. 34 
8.74 
7. 8 
7. 22 
7. 65 
8.67 
8. 1 
4. 58 
8.6 
8.3 
9.9 
9.3 

51.3 
15.7 
10.2 
16.9 
3. 5 



1. 10. MG_10;_j5u:m]3 _station no._3 

The measurement point is a drainage pump station (see fig. A 1-10) 

Ghorbio drain 

No of pump units in operation: 

EC: 

Fig. A 1-10. Situation sketch MG 10 
(taken from measurements forms 

L o 1 

1. 10. 2. MG 10, discharge measurements 1976 - 1980 (10 m month" ) 

Year Jan. Feb. Mar. Apr. May Jun. Ju l . Aug. Sep. Oct. Nov. Dec. 

1976 14.971 21.000 
1977 17.321 15.587 
1978 19.671 10.173 
1979 18.480 17.377 21.195 23.804 21.383 33.102 44.605 45.614 17.400 28.061 20.578 23.078 
1980 20.539 15.165 23.190 20.471 21.275 34.060 39.533 41.560 42.988 33.202 19.419 25.360 

21. 286 
24. 873 
28. 159 

20. 927 
21. 527 
22. 127 

18. 
19. 
19. 

345 
143 
941 

32.022 
31.396 
30. 766 

40. 220 
36. 133 
32. 146 

39. 
36. 
32. 

761 
206 
651 

34. 
32. 
30. 

668 
717 
766 

26. 
27. 
27. 

974 
252 
530 

23. 275 
22. 106 
20. 676 

19. 
19. 
20. 

192 
710 
228 

1. 10.4. MG 10, waterquality measurements 1980 and 1981 (partly) 

Date 

16/04/80 
6/05/80 

20/05/80 
9/06/80 

22/06/80 
8/07/80 

25/07/80 
7/08/80 

25/08/80 
14/09/80 
27/09/80 
15/10/80 
6/11/80 

20/11/80 
30/12/80 
23/01/81 
9/02./81 

24/02/81 
6/03/81 

21/03/81 
4/04/81 

EC 

2. 29 
2. 04 
2. 04 
2. 30 
2. 83 
2. 73 
2.21 
1.91 
2. 00 
2. 73 
2. 82 
1.69 
1. 00 
2. 49 
3. 64 
2. 37 
8. 31 
2. 26 
2. 03 
2. 83 
1.92 

pH 

7. 55 
7. 7 
7. 2 
7. 8 
7.6 
7. 7 
7.6 
7. 5 
7.4 
7.5 
7. 6 
7.6 
7. 5 
7. 25 
7. 4 
7.9 
7.4 
7. 2 
7. 8 
7. 5 
7. 5 

Ca 

4. 5 
4.4 
2. 73 
2. 63 
3.0 
4. 73 
4. 2 
4. 2 
3. 15 
3. 15 
3.94 
5. 25 
3. 15 
4.77 
4. 85 
4. 8 

11. 7 
0. 2 
5.9 
5.4 
3.4 

Mg 

5. 0 
2. 1 
4. 55 
4. 87 
6. 16 
4. 77 
3. 8 
4. 3 
4.35 
5. 6 
6. 57 
5. 75 
1. 85 
5. 34 
5. 6 
3.4 

18. 8 
2. 3 
1. 5 
6.0 
4.4 

Na 

13. 0 
13. 75 
10.5 
15.2 
18. 96 
17. 68 
14. 04 
13. 5 
12.4 
17. 95 
17. 53 

5. 78 
4. 65 

14. 57 
32. 0 
15. 0 
51. 1 
15. 7 
12. 5 
20. 0 
12. 0 

K 

0. 2 
0. 25 
0. 35 
0.3 
0. 18 
0. 32 
0. 16 
0. 16 
0. 23 
0.3 
0. 16 
0. 12 
0. 35 
0. 22 
0. 55 
0.4 
1.4 
0. 3 
0. 2 
0. 2 
0. 2 

C°3 
-
-
-
-
-
-
-
-
-
. 
-
-
-
-
-
-
-
-
-
-
-

HCO3 

4. 0 
4. 0 
3. 6 
4. 16 
4. 64 
4. 68 
5. 1 
5. 2 
5. 08 
5. 09 
5. 6 
6.44 
3. 16 
6. 37 
4.7 
4. 5 
5. 0 
4. 3 
3. 5 
3. 8 
3.6 

so4 

5. 21 
6. 05 
3.01 
3. 8 
8. 58 
5.34 
4. 1 
3. 96 
2. 3 
5. 59 
5. 95 
4.6 
0. 8 
1. 51 

16. 21 
7.7 

14.2 
3.4 
1.6 
3. 6 
2.9 

CI 

13. 5 
10.45 
11.52 
15. 04 
15. 08 
17.48 
13. 0 
13. 0 
12.75 
16.32 
16. 65 
5.9 
6. 04 

17. 02 
22. 09 
11.3 
63. 8 
15. 8 
14. 9 
23. 5 
13. 5 

1. 11. WE 10, Edko pump station 

The measurement point is a drainage pump station (see fig. A 1-11) 



No of pump units in operation: 

EC: 

Fig. A 1-11. Situation sketch WE 10 
(taken from measurement forms) 

L O 1 

1. 11.2. WE 10, discharge measurements 1980 (10 m decade" ) 

Decade 

I 
II 

III 

Jan. 

1.65 
2. 12 
1. 56 

Febr. 

1. 88 
1.69 
1. 45 

Mar. 

1. 23 
2. 25 
5. 36 

Apr. 

3. 82 
3. 85 
3. 99 

May 

4. 36 
4. 73 
4. 74 

Jun. 

5.49 
5. 24 
5. 88 

Jul. 

7. 73 
7. 64 
8.49 

Aug. 

8. 14 
7. 85 
8. 50 

Sep. 

8. 88 
8. 89 
8. 67 

Oct. 

6. 13 
5. 17 
4. 96 

Nov. 

4. 48 
5. 39 
4. 67 

Dec. 

4. 24 
2. 25. 

1. 11. 4. WE 10, water quality measurements 1980 and 1981 (partly) 

Date 

12/03/80 
24/03/80 

9/04/80 
22/04/80 
13/05/80 
21/05/80 
4/06/80 

14/06/80 
2/07/80 

16/07/80 
2/08/80 

18/08/80 
2/09/80 

18/09/80 
27/09/80 
13/10/80 

2/11/80 
16/11/80 

3/12/80 
17/12/80 
30/12/80 
20/01/81 

3/02/81 
8/02/81 

25/02/81 

EC 

7. 82 
3. 91 
4.93 
4. 67 
3. 83 
3. 74 
3. 15 
4. 30 
4. 00 
3. 55 
3.45 
3. 28 
2. 91 
3. 28 
3. 28 
3. 55 
4. 00 
4. 55 
5. 00 
6. 55 
6. 37 
7. 55 

13. 29 
4.75 
5. 20 

pH 

7.7 
7. 2 
7. 4 
7. 7 
7. 7 
6.7 
7. 6 
7.9 
7.6 
7. 8 
7. 7 
7.6 
7. 4 
7.6 
7. 7 
7. 5 
7. 5 
8. 0 
7. 4 
7. 1 
7.9 
7. 4 
8. 0 
7. 05 
6.9 

Ca 

6.8 
4. 5 
4. 5 
3. 2 
4. 7 
7. 1 
3. 8 
3. 0 
5. 1 
5. 1 
4. 7 
3. 2 
4. 6 
3.4 
4. 7 
4. 7 
4. 5 
6. 8 
4. 2 
5. 22 
3. 7 
3. 8 

16.35 
6. 5 
6. 5 

Mg 

13. 2 
5. 5 

10. 2 
3.4 
8. 8 
6.4 
8. 8 

11.7 
9.3 
4. 4 
5. 3 
6.9 
3.9 
6. 1 
8. 3 
8. 3 
9. 5 
8. 7 
7. 3 

10. 12 
12. 8 
11.3 
27. 12 
20. 8 
11.4 

Na 

60. 0 
29.4 
40. 0 
39. 6 
24. 4 
24. 0 
17. 2 
27. 5 
27. 0 
25. 5 
24. 3 
22. 2 
21. 4 
22. 9 
20. 0 
22. 5 
25. 0 
30. 0 
37. 5 
54. 0 
54. 6 
70. 0 

108. 0 
28. 0 
44. 0 

K 

1. 0 
0. 8 
0. 8 
0.6 
0. 4 
0. 2 
1. 8 
1. 1 
0.6 
0.6 
0. 2 
0. 6 
0. 4 
0. 5 
0. 4 
0. 2 
1. 1 
0. 2 
1. 1 
0. 82 
0. 7 
0.9 
0.9 
0. 7 
0. 6 

co3 

_ 
-
-
. 
-
. 
-
. 
. 
-
. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

H C 0 3 

5. 0 
9.6 
5. 0 
2. 8 
5.6 
5.6 
4. 8 
3. 7 
8. 0 
6. 8 
6. 5 
6. 1 
5.9 
5.6 
6. 8 
7. 8 
7. 4 
5. 3 
4. 8 
4. 7 
4. 7 

10. 0 
8. 2 
7. 3 
5. 0 

so4 

14. 5 
0.4 

15. 0 
14. 9 

0. 8 
1. 8 
1. 2 
6. 2 
6.4 
6. 2 
4. 1 
6.3 
6. 5 
5. 8 
6.4 
1. 5 
6. 2 

19. 2 
15. 8 
40. 46 
45. 3 
27. 4 
66. 17 

3. 2 
6.6 

CI 

61.4 
30.2 
35. 5 
29. 0 
31. 9 
30. 2 
25. 4 
33. 4 
27. 6 
22. 5 
23.9 
20. 4 
17.9 
21.4 
20. 3 
26. 3 
26.4 
21. 2 
29.4 
24. 7 
21. 8 
48. 6 
78. 0 
45. 5 
50. 8 

1. 12. WJ^_Llj_?P_?£ÇJLi_EuSVP_s^?Lt:i°n 

The measurement point is a drainage pump station (see fig. A 1-12) 



No pump units in operation: 

EC : 

Fig. A 1-12. Situation sketch WE U 
(taken from measurement forms) 

1. 12.2. WE 11, discharge measurements 1980 (10 m 3 decade"1) 

Decade 

I 
II 

III 

Jan. 

1. 74 
2. 67 
1. 83 

Feb. 

2. 19 
3. 60 
3. 72 

Mar. 

4. 05 
7. 11 
7.37 

Apr. 

6. 92 
8. 45 
8.45 

May 

8. 30 
8. 87 
5. 78 

Jun. 

7. 83 
7. 66 
9. 52 

Jul. 

9.25 
9. 47 
7. 10 

Aug. 

6.29 
9. 89 

10. 82 

Sep. 

10. 02 
9. 59 
7.93 

Oct. 

9. 39 
4. 85 
4.99 

Nov. 

3. 14 
3. 93 
4.45 

Dec. 

4. 36 
3. 85 
3. 95 

1. 12.4. WE 11, waterquality measurements 1980 and 1981 (partly) 

Date 

12/03/80 
24/03/80 

9/04/80 
22/04/80 
13/05/80 
21/05/80 
4/06/80 

14/06/80 
2/07/80 

16/07/80 
2/08/80 

18/08/80 
2/09/80 

18/09/80 
27/09/80 
13/10/80 
2/11/80 

16/11/80 
3/12/80 

17/12/80 
30/12/80 
20/01/81 

3/02/81 
8/02/81 

25/02/81 

EC 

2.21 
2. 21 
2. 55 
1. 79 
1.96 
1. 87 
1. 21 
2. 04 
1. 87 
1.41 
1. 65 
1. 57 
1. 53 
1. 82 
2. 00 
1. 82 
1. 67 
2. 18 
2. 00 
3. 64 
3. 37 

28. 21 
22. 75 
9. 83 
2. 82 

pH 

7. 7 
7.4 
7. 4 
7.9 
7.9 
6.7 
7.4 
7.9 
7.6 
7.6 
7. 2 
7.3 
7.4 
7. 8 
7.3 
8.4 
7. 2 
7. 8 
7. 5 
7. 1 
7.6 
7. 05 
7. 55 
7. 5 
7. 2 

Ca 

3.0 
3. 5 
3. 8 
3.4 
3. 7 
7.4 
3. 5 
5. 0 
4. 1 
2. 0 
3. 2 
3.7 
3.7 
5.7 
4. 2 
4. 2 
3. 7 
4. 0 
3.2 
4. 8 
3. 2 

11. 0 
20.4 
10.4 
4.6 

Mg 

3.7 
3.6 
5.3 
3. 1 
4. 3 
2. 0 
3. 7 
5. 7 
3. 5 
3. 8 
3.4 
2. 8 
3. 8 
1. 1 
4. 3 
3.8 
3.3 
5. 5 
3.9 
6. 2 
6.9 

36.0 
30.6 
16.4 
6. 0 

Na 

15. 3 
14. 6 
16. 0 
11. 4 
10. 2 
9. 2 
4.6 
9.2 

10.7 
8. 0 
9.7 
8. 8 
7. 5 

11. 0 
11.2 
10. 0 
'9.3 
12. 0 
12. 7 
26. 0 
25.6 

280. 0 
188. 0 

95. 0 
20. 0 

K 

0. 3 
0. 5 
0. 5 
0.2 
0.4 
0. 2 
0. 2 
0. 5 
0.4 
0.3 
0. 2 
0.4 
0.4 
0.4 
0.3 
0. 2 
0.4 
0. 5 
0.4 
0. 5 
0.5 
2. 7 
0. 88 
3.0 
0. 5 

co3 

_ 
. 
. 
. 
-
-
-
. 
. 
. 
. 
-
. 
-
-
-
-
-
-
-
-
-
-
-
-

HCO3 

3. 0 
7.2 
4. 0 
2.8 
4.4 
5.2 
4.4 
3.6 
6.8 
5.8 
5.4 
5.3 
5.9 
6. 0 
5. 2 
4.8 
6.2 
4. 6 
4.4 
6. 2 
4. 3 
8. 5 

10. 8 
6.5 
4.4 

so4 

3. 4 
1. 5 
4. 5 
5. 3 
3.0 
3.5 
1.4 
5.4 
0.4 
1.4 
1. 7 
1. 7 
0. 8 
1.4 
3.6 
1.2 
1.6 
8.6 
8.3 
8.94 

10. 6 
116. 3 

73. 08 
14. 3 
3.3 

CI 

15.8 
13. 5 
17. 0 
10. 0 
12. 1 
10. 1 
6.2 

11.4 
11. 5 
6.9 
9.4 
8.7 
8.7 

10. 7 
11.3 
12. 2 
8.9 
8.7 
7. 4 

26. 0 
21.2 

204. 9 
156.0 
104.0 

23.3 



ANNEX 2: PROCESSED DATA 

2. 1. FB 03. Batts drain at Furgus 

2. 2. FB 04, Rada drain 

2. 3. FB 05, Batts drain at Tamya 

2. 4. EB 07, Bahr Bagar drain at 'Kubri Saud' 

2. 5. EB 08, Bahr Bagar drain at 'Kubri Bahr Bagar' 

2. 6. EH 02, Hanut pump station 

2 .7. EH 11, Bahr Hadus at 'Kubri Bahr Hadus' 

2. 8. EH 13, Bahr Hadus at 'Outfall' 

2. 9. MG 09, pump station No. 4 

2. 10. MG 10, pump station No. 3 

2. 11. WE 10, Edko pump station 

2. 12. WE 11, Bosseili pump station 

* c ross section at measurement location 

* calculation sheets 

* calibration measurements 



2. 1. FB 03, Batts drain at Furgus 

2. 1. 1. FB 03, c ross section at measurement location 

Distance (m) 
8 9 O 

Date of observation : 17/09/80 

Depth at reference point: 3. 88 m 

Bridge width : 5.05 m 

Cross section width : 10. 00 m 

Distance 
from zero 
point (m) 

Effective 
section 

width 
w 

2. 
2. 
2. 
2. 
2. 

(m) 

00 
00 
00 
00 
00 

Area c ross 
section (m ) for 
Hm = 0 ;D=3. 88 

As 

6. 39 
7. 79 
7. 87 
7. 64 
6. 17 

Fig. A2-1. FB 03, c ross section at measurement location 

2. 1. 2. FB 03, calculation sheet 

Observation year 

Catchment area 

Measurement point 

Remarks 

t 1980 

Batts drain 

FB 03 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

D = Î. 81 - Hm 

( D . 

... O 

D A V vp Q EC TDS pH 
(âH) 2 , , 3 
(m) (m ) (m / s ) (m / s ) (m / s ) (ppm) 

adj. RSC 

SAR 

M g 

23/12/79 
01/01/80 
09/01/80 
23/01/80 
01/02/80 
06/02/80 
24/02/80 
01/03/80 
14/03/80 
01/04/80 
04/04/80 
18/04/80 
30/04/80 
01/05/80 
18/05/80 
01/06/80 
02/06/80 
28/06/80 
01/07/80 
11/07/80 
25/07/80 
01/08/80 
01/09/80 
17/09/80 
01/10/80 
U/10/80 
01/11/80 
04/11/80 
09/11/80 
01/12/80 
17/r2/80 
01/01/81 
17/01/81 

1. 40 

1. 58 
0. 51 

0.46 
1.69 

1. 16 

1. 08 
1. 08 
1. 11 

1. 03 

0. 85 
0. 94 

0. 86 
1.02 

1. 38 

1.22 

0. 91 
1. 12 

1.21 

1. 16 

11. 06 

12. 86 
• 3. 08 

2.78 
13.96 

8.66 

7. 86 
7.86 
8. 16 

7. 36 

5. 56 
6.46 

5. 66 
7. 26 

10. 86 

9.26 

6. 16 
8.26 

9. 16 

8.66 

0. 273 

0. 336 
0. 198 

0. 233 
0. 346 

0. 367 

0. 470 
0. 409 
0.452 

0.451 

0. 380 
0. 428 

0. 383 
0. 345 

0. 313 

0. 291 

0. 338 
0. 308 

0.353 

0.375 

. 
-
. 
-
-
_ 

1. 353 
0. 622 
0. 698 

0.762 

. 0. 597 

0. 579 
0. 540 

0. 568 

0.478 

0. 528 
0. 475 

0. 598 

0. 382 

3.02 

4. 32 
0.61 

0. 65 
4.83 

3. 18 

3.69 
3. 22 
3. 69 

3. 32 

2. 11 
2.76 

2. 17 
2. 51 

3.40 

2.70 

2.09 
2. 54 

3. 23 

3. 25 

1. 18 

1. 45 
3. 85-

4. 17 
0.94 

1.43 

1. 28 
1.45 
1.22 

1. 51 

1. 24 
1. 33 

1.78 
0. 98-

1.31 

1. 66 

1. 68 
1.58 

2.00 

2. 37 

800 

940 

3140 
640 

950 

870 
990 
810 

1000 

840 
900 

1260 

910 

1130 

1180 
1070 

1380 

1490 

8 . 0 

8. 3 
7 . 4 

7 . 4 
7 . 6 

7. 8 

7. 5 
7. 4 
7. 6 

8 . 0 

7. 8 
7. 3 

7 . 7 
7. 5 

7 . 6 

7 . 9 

7 . 9 
7. 8 

7 . 3 

7. 3 

3 . 3 

2 . 7 

8 . 8 
3 . 7 

3 . 3 

4. 5 
4 . 9 
4 . 4 

5 . 3 

4 . 3 
3. 8 

7 . 9 

4 . 9 

5 . 0 

5 . 3 
4 . 8 

5 . 9 

5 . 4 

7. 8 

6 . 4 

25.3 
7. 5 

8. 1 

9 . 6 
10. 9 

9 . 6 

11.7 

9. 8 
8. 7 

17. 1 

U . 3 

12. 5 

13. 4 
11.7 

13.0 

13. 3 

0 . 0 

0. 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 

0. 0 

0 . 8 

0. 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

3. 1 

3. 6 
6 . 6 

8. 5 
2. 6 

4. 5 

4 . 0 
3. 0 
2 . 6 

3 . 0 

3. 8 
4. 5 

3 . 6 
3. 2 

3. 2 

3. 7 

3. 7 
3 . 9 

4 . 2 

4 . 6 

2. 7 

5 . 3 
10. 1 

11.7 
1. 

3. 1 

1. 2 
3. 2 
2 . 4 

2 . 7 

1 . 4 
1. 8 

1 .8 
2 . 4 

1 .8 

3 . 3 

3 . 3 
2. 8 

3 . 8 

6 . 3 

5. 6 

5. 6 
35.0 

28.0 
5 . 2 

6. 5 

7 . 3 
8. 6 
7 . 0 

9 . 0 

7 . 0 
6. 7 

13. 0 
7 . 8 

7 . 7 

9. 3 

10.0 
8 . 7 

11.7 

12.5 

0 . 3 

0. 1 
0. 7 

0. 7 
0. 4 

0. 1 

0. 3 
0. 2 
0. 2 

0 . 3 

0 . 2 
0 . 3 

0. 2 
0 . 2 

0 . 4 

0. 2 

0. 2 
0 . 2 

0 . 4 

0. 2 

0 . 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 

0. 0 
0 . 0 
0. 0 

0. 0 

0. 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0 . 0 

0. 0 

0 . 0 

5. 5 

4. 2 
5. 3 

8. 8 
3. 5 

5 . 2 

3. 5 
4 . 0 
4 . 0 

4 . 0 

4. 8 
4 . 4 

4. 1 
2. 1 

5. 8 

7 . 0 

7 . 0 
6 . 4 

3 . 4 

4. 8 

0. 6 

3 . 4 
17. 0 

16. 1 
0 . 8 

2 . 8 

3 . 9 
4 . 0 
2. 2 

4 . 4 

1 .0 
3. 3 

7 . 6 
5. 8 

1.2 

2. 1 

2. 8 
3. 0 

13. 5 

5 . 0 

5. 6 

7. 0 
30. 1 

24.0 
5 .3 

6 . 2 

5 . 4 
7. 0 
6 . 0 

6. 6 

6 . 6 
5. 6 

•6.9 
5. 7 

6 . 1 

7 . 4 

7 . 4 
6. 2 

3 . 2 

13.8 

2. 1. 3. FB 03, calibration measurements 

Date 

17/01/82 
04/02/82 

0.49 
0. 57 

Discharge 

0. 51 
1. 04 



2. 2. FB 04, Roda drain 

2. 2. 1. FB 04, c ross section at measurement location 

\ 

\ 

Distance (m) 
! 3 4 5 6 7 

~l 1 1 1 1 1 

5 
Hm (ml 

upstrram 

\ downstream 

J 0 
'woterdepth 

DM 

Date of observation 
Depth at reference point 
Bridge width 
Cros s-section width 

17/09/80 
4. 04 m 
8. 10 m 
7. 00 m 

Distance 
from zero 

point(m) 

0. 5 
1. 5 
2. 5 
3. 5 
4. 5 
5. 5 
6 . 5 

Effective 
section 

width(m) 
w 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1.00 
1. 00 

A -ea 
section 
Hm = 0 

A 

cross 
(m2) for 
; D=3. 88 
s 

3. 89 
4. 54 
4. 50 
4. 39 
4. 46 
4. 51 
4. 01 

Fig. A 2-2. FB 04, c ross section at measurement 
location 

2. 2. 2. FB 04, calculation sheet 

Observation year 

Catchment area 

Measurement pa 

Remark! 

Date P 

17/12/80» 
01 /01 /80 
09 /01 /80 
23 /01 /80 
01 /02 /80 
06 /02 /80 
24 /02 /80 
01 /03 /80 
14 /03/80 
01 /04 /80 
04 /04 /80 
18 /04/80 
30 /04 /80 
01 /05 /80 
18 /05/80 
01 /06 /80 
02 /06 /80 
28 /06 /80 
01 /07 /80 
11 /07 /80 
25 /07 /80 
01 /08 /80 
01 /09 /80 
17 /09 /80 
01 /10 /80 
11 /10 /80 
01 /11 /80 
04 /11 /80 
09 /11 /80 
01 /12 /80 
17 /12/80 
01 /01 /81 
17/01/81 

int 

D 
(ÛH) 
(m) 

0 .93 

0. 55 
0 .01 

- 0 . 0 2 
0 .67 

0 .44 

0 .44 
0. 50 
0. 51 

0 .45 

0. 15 
0. 20 

0 .22 
0 .35 

0 .95 

0 . 90 

0 .76 
0 .75 

0 .93 

0 .88 

: 1980 

1 Batts drain 

: FB 04 

A 

(m 2 ) 

6 .01 

3 . 35 
0 .45 

0 .33 
4. 19 

2 .65 

2 .65 
3. 01 
3. 07 

2 .71 

1. 15 
1.40 

1. 50 
2. 15 

6. 15 

5 .80 

4. 82 
4 .75 

6 .01 

5 .66 

v v p 

( m / - ) (<"/•) 

0. 668 

0 .865 
0. 264 

0 .454 
1. 143 

1. 159 

1.014 
0. 901 
0 .901 

0.911 

0. 807 
0. 675 

1. 112 
0 .777 

0 .587 

0 .686 

0. 691 
0 .742 

0 .668 

0 .661 

Q 

<™3/.> 

4 .01 

2 .90 
0. 12 

0. 15 
4 . 79 

3 .07 

2 .69 
2 .71 
2 .77 

2 .47 

0. 93 
0 .95 

1. 67 
1.67 

3. 61 

3 . 98 

3 .33 
3. 52 

4 .01 

3. 74 

EC 

2. 18 

2 .47 
8 .42 

8 .25 
1.87 

2. 13 

1. 87 
1.42 
1.44 

1.48 

2 .38 
2. 72 

2. 81 
2. 73+ 

2. 28 

2. 18 

2. 22 
2 .27 

2. 18 

2 . 7 3 -

TDS 

(ppm) 

1530 

1590 
5980 

6160 
1250 

1400 

1240 
930 
970 

970 

1570 
1770 

1820 

1520 

1490 

1520 
1530 

1530 

PH 

7. 2 

8 . 4 
7 . 4 

7 . 6 
7. 6 

7 . 9 

7. 5 
7 . 4 
7 . 6 

7. 9 

7 .9 
7 . 4 

7 . 4 
7 . 4 

7 .7 

8 .0 

8. 0 
7. 9 

7 . 2 

7 . 2 

Waterde pth 

Pendulum constant 

Float constant 

Calibration 

SAR 

8 .3 

5 .4 
16 .8 

18 .2 
4 . 9 

3 .7 

4 . 9 
4 . 9 
6. 5 

5 .2 

7 . 0 
8 .2 

10 .5 

8 .2 

6 .2 

6 . 4 
6 .3 

8 .3 

adj. 

SAR 

18.2 

13. 5 
4 9 . 3 

4 9 . 6 
11 .7 

10.1 

11 .6 
10 .8 
13 .7 

12 .0 

17 .2 
19 .8 

2 3 . 9 

19 .0 

15 .8 

16 .4 
15 .9 

18. 2 

RSC 

0 .0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 

0 . 0 
0. 0 
0. 0 

0 . 0 

0 .0 
0. 0 

0. 0 

0 . 0 

0 . 0 

0 .0 
0. 0 

0 . 0 

: D = 
: c = 

P 
: CD = 

: Q » 

Ca 

3. 2 

5 . 4 
6. 8 

14. 8 
5. 2 

5. 0 

5 .0 
3. 0 
2. 6 

3 . 0 

5 .4 
4 .7 

4 . 2 
4 . 7 

4 . 2 

5. 8 

5. 8 
5. 5 

3. 2 

5 .9 

». 04 - 1 

Mg 

3 .4 

6. 1 
23. 1 

13 .4 
3 .3 

6 .9 

3 .2 
2 .7 
1.9 

2 .7 

3 . 4 
4. 5 

3 . 0 
4 . 3 

2 .8 

3 . 0 

3 . 0 
3. 5 

3 . 4 

3 .6 

lm 

Na 

15.0 

13 .0 
6 5 . 0 

68. 5 
10 .2 

9. 1 

10. 0 
8 . 3 
9 . 8 

8. 8 

14 .6 
17 .6 

20 .0 
16 .2 

15 .4 

13 .0 

13. 5 
13 .3 

15. 0 

2 2 . 0 

D 

) 

K 

0 .4 

0. 2 
0 .7 

0 . 6 
0 . 4 

0. 2 

0. 4 
0 . 2 
0. 2 

0. 2 

0 .3 
0 . 4 

0 . 4 
0. 2 

0 . 4 

0. 2 

0. 2 
0. 4 

0 . 4 

0 . 4 

co_ 
3 

0 .0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 

0 . 0 
0. 0 
0 .0 

0 .0 

0 . 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

HCO, 
3 

4. 0 

4. 7 
9. 3 

5 .8 
4 . 4 

7. 2 

4. 2 
4. 0 
4 . 0 

5 .2 

5 .6 
5 .0 

4. 5 
4 . 4 

4 . 8 

6 .7 

6 .7 
6 .4 

4 . 0 

4 . 8 

SO. 
4 

14.3 

8 .7 
33. 2 

40. 1 
5 .6 

4. 9 

7 .2 
2. 7 
3 .3 

1.0 

7 .5 
9 .0 

10. 2 
8. 5 

8 .3 

6 .2 

6 .7 
7 .2 

14.3 

8. 5 

Cl 

3 .7 

11 .3 
53. 1 

51 .4 
9. 1 

9. 1 

7 .2 
7. 5 
7 .2 

8. 5 

10 .6 
1 3 . 2 

12 .9 
12. 5 

9 . 7 

9. 1 

9. 1 
9. 1 

3 .7 

18 .6 

2. 2. 3. FB 04, calibration measurements 

Date 
17/01/82 

Waterdepth 

0. 04 

Discharge 

ÔT33 



2. 3. FB 05, Batts drain at Tamya 

2. 3. 1. FB 05, c r o s s sect ion at measurement location 

2 3 i 
—i 1 1—i—l— 

Ofttanc« {ml 
5 6 7 

upstream 

downstream 
'*«cft»r depth 

Olm) 

Date of observat ion 
Depth at re ference point 
Bridge width 
Cros s sect ion 

Distance 
from zero 
point(m) 

0. 5 
1. 5 
2. 5 
3. 5 
4. 5 
5 . 5 
6 . 5 

width 

1 7 / 0 9 / 8 0 
4. 72 
8. 05 
6. 90 

Effective A 

m 
m 

rea c r o s s 
sect ion sect ion (m 2 ) for 
width(m) Hm = 0; D = 4. 72 

w A g 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
0 . 90 

4. 32 
4 . 6 8 
4. 68 
4. 69 
4. 77 
4. 65 
3 . 8 3 

Fig . A 2 - 3 . FB 05, c r o s s sect ion at measurement 
location 

2. 3. 2. FB 05, calculation sheet 

Observation year 

Catchment area 

Measurement point 

Remark! 

: 1980 

f Batta drain 

: FB 05 

Waterdepth 

Pendulum constant 

Calibration 

: D » 4. 72 -

: c » 
P 

Hm 

™ 

+ _ D 

) 

D A 
<ÛH) , 
(m) (mZ) 

EC 

( m / . ) ( m / . ) ( m 3 / . ) 

TDS 

(ppm) 

pH »dj. RSC 

SAR 

Mg Na 

23/12/79 
01/01/80 
09/01/80 
23/01/80 
01/02/80 
06/02/80 
24/02/80 
01/03/80 
U /03 /80 
01/04/80 
04/04/80 
18/04/80 
30/04/80 
01/05/80 
18/05/80 
01/06/80 
02/06/80 
28/06/80 
01/07/80 
11/07/80 
25/07/80 
01/08/80 
01/09/80 
17/09/80 
01/10/80 
l l / l 0 / 8 0 
01/11/80 
04/11/80 
09/11/80 
01/12/80 
17/12/80 
01/01/81 
17/01/81 

1.24 

1. 17 
0.33 

0.22 
1.31 

0.93 

1. 00 
1.02 
1.06 

0.83 

0. 59 
0.70 

0.70 
0.92 

1.32 

1.24 

1.09 
1. 11 

1.30 

1.32 

7.61 

7. 13 
1. 52 

0.97 
8.09 

5.47 

5.95 
6.09 
6.37 

4.78 

3. 12 
3.88 

3. 88 
5.40 

8. 16 

7.61 

6. 57 
6.71 

8. 02 

8. 16 

1.207 

1.262 
0.618 

0. 863 
1.332 

1.215 

1.720 
1. 308 
1.359 

1.344 

1. 286 
1. 080 

1. 130 
1.055 

1.098 

I . 122 

0. 953 
0.993 

1.029 

1.029 

9. 18 

8.99 
0.94 

0.84 
10.78 

6.65 

10. 24 
7.97 
8.65 

6.42 

4.02 
4. 19 

4.39 
5.70 

8.96 

8. 53 

6. 26 
6. 66 

8.25 

8.39 

1.31 

1.87 
5.70 

11.82 
0.95 

1.96 

1.02 
1.45 
1.29 

1.34 

1. 59 
2.04 

2.29 
2.09+ 

1.91 

1.91 

1.94 
2. 00 

2.00 

2.46 

890 

1240 
3460 

8250 
660 

1300 

730 
960 
860 

860 

1040 
1360 

1530 

1280 

1350 

1400 
1380 

1400 

1560 

8. 0 

8 . 6 
7. 8 

7 . 7 
7. 1 

7 . 4 

7 . 6 
7 . 4 
7 . 3 

7 . 9 

8. 0 
7 . 4 

7 . 6 
7 . 8 

7 . 8 

7 . 7 

7 . 7 
8 . 4 

7 . 4 

7 . 2 

3. 1 

5 . 4 
11.0 

29. 7 
3 . 8 

4 . 4 

3 . 9 
5. 1 
4 . 4 

3. 5 

3. 2 
6 . 2 

11.3 

7 . 4 

5. 5 

5. 8 
6 . 3 

6 . 8 

7 . 9 

7. 5 

12.9 
27.9 

82. 5 
7 . 0 

11.7 

8 . 4 
11.2 

9 . 7 

8 . 0 

7 . 8 
14.9 

23.2 

16. 8 

14.0 

14.8 
15.8 

15.5 

18.8 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 1 
0 . 0 
0 . 0 

0. 0 

0. 0 
0. 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

4 . 0 

4 . 2 
6 . 6 

12. 7 
3 . 7 

4 . 0 

3. 5 
3. 5 
2 . 9 

3 . 5 

4 . 9 
4. 2 

3. 1 
2. 6 

3. 7 

3 . 7 

3 . 7 
4. 5 

3 . 7 

3 . 6 

3 . 2 

3 . 6 
13. 7 

10.0 
0 . 4 

5 . 5 

0. 8 
2. 2 
2 . 6 

3. 2 

3 . 9 
3 . 6 

1 .8 
2 . 4 

2 . 3 

4 . 8 

4 . 8 
3 . 0 

3 . 3 

4 . 6 

5 . 8 

10.6 
35.0 

100.0 
5. 5 

9 . 6 

5 . 7 
8 . 6 
7 . 3 

6 . 4 

6 . 8 
12.3 

17.7 
11.0 

12.8 

11.3 

12.0 
12.2 

12.7 

16.0 

0 . 2 

0 . 3 
0 . 6 

0. 3 
0. 3 

0 . 3 

0 . 3 
0. 2 
0 . 2 

0 . 2 

0 . 2 
0 . 4 

0 . 3 
0. 1 

0. 2 

0 . 2 

0 . 2 
0 . 4 

0 . 4 

0 . 4 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 
0 . 0 
0 . 0 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 

5. 5 

5. 1 
4 . 2 

8. 6 
2 . 3 

8 . 0 

4 . 4 
4. 0 
4 . 0 

4 . 0 

4 . 4 
5 . 0 

3. 8 
4 . 8 

4. 8 

6 . 7 

6 . 7 
7 . 0 

4 . 4 

5 . 0 

1 .6 

5. 1 
19.7 

78.4 
2 . 3 

2 . 3 

2. 1 
3 . 0 
2 . 4 

1 .6 

4 . 4 
6 . 1 

9 . 4 
2 . 5 

6 . 0 

5 . 6 

6 . 3 
4 . 9 

12.0 

4 . 2 

6 . 1 

8 . 5 
32.0 

36.0 
5 .3 

9. 1 

3 . 8 
7. 5 
6 . 6 

7 . 7 

7 . 0 
9 . 4 

9 . 7 
8 . 8 

8 . 2 

7 . 7 

7 . 7 
8 . 2 

3 . 7 

15.4 

2. 3. 3. FB 05, ca l ibrat ion m e a s u r e m e n t s 

Date Waterdepth Discharge 

1 4 / 07 / 81 
1 4 / 0 l / 8 2 
0 4 / 0 2 / 8 2 

0. 75 
0. 36 
0. 31 

4. 82 
2. 55 
1. 67 

1 09 2 
Regre s s i on l ine : Q = 6, 76 D * , R = 0. 94 



2. 4. EB 07, Bahr Bagar drain at 'Kubri Saud" 

E. 4. 1. EB 07, cross section at measurement location 
Distance (nt) 

Fig. A 2-4. EB 07, cross section at measurement 
location 

Date of observation 
Depth at reference point 
Bridge width 
Cross section 

Distance 
from zero 

point(m) 

2 
6 

10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
50 
53 

width 

Effective 
section 
width(rr 

w 

4. 00 
4. 00 
3. 40 
4. 00 
3.70 
3. 10 
4. 00 
3. 90 
2. 30 
4. 00 
4. 00 
3.40 
4.00 
2. 00 

08/12/80 
5. 02 m 
4. 05 m 
54. 00 m 

Area cross 
section (m^l for 

) Hm = 0; D 
A 8 

8. 
12. 
12. 
15. 
15. 
11. 
17. 
17. 
10. 
19. 
19. 
14. 
12. 

4. 

= 5. 02 

96 
88 
23 
39 
59 
74 
09 
07 
21 
79 
51 
94 
46 
26 

2. 4. 2. EB 07, calculation sheet 

Observation year 

Catchment area 

Measurement point 

nemarKS 

Date 

20 /12 /79 
0 1 / 01 /80 
06 /01 /80 
27 /01 /80 
01 /02 /80 
10 /02 /80 
25 /02 /80 
01 /03 /80 
0 9 / 03 /80 
23 /03 /80 
01 /04 /80 
13 /04 /80 
20 /04 /80 
01 / 05 /80 
04 /05 /80 
26 /05 /80 
01 /06 /80 
03 /06 /80 
15 /06 /80 
29 /06 /80 
0 1 / 07 /80 
16 /07 /80 
31 /07 /80 
01 /08 /80 
18 /08 /80 
01 /09 /80 
22 /09 /80 
01 /10 /80 
04 /10 /80 
27 /10 /80 
01 /11 /80 
11 /11 /80 
24 /11 /80 
01 /12 /80 
07 /12 /80 
25 /12 /80 
01 /01 /81 
07 /01 /81 

D 
P tiH) 

(m) 

3 .27 

3 .04 
2 .92 

2. 74 
3. 05 

2 .96 
2.91 

2. 84 
2 .81 

2. 81 
2. 88 

2. 90 
2 .86 
2 .88 

2 .95 
3. 08 

-
3 .22 

3. 18 
3 .09 

3 . 04 
3. 10 

3 .07 
3 .32 

3 .03 

: 1980 

t Bahr baqar G 

: EB 07 

A 

(m 2 ) 

104. 97 

93. 52 
87. 54 

79 .04 
94.01 

89 .53 
87 .04 

83 .66 
82 .22 

82. 22 
85. 57 

86. 54 
84.61 
85.57 

89. 03 
95 .51 

-
102. 48 

100. 49 
96. 01 

93. 52 
96. 50 

95 .01 
107.46 

93 .03 

V 

( m / s ) 

0 .424 

0. 387 
0 .453 

0. 382 
0 .448 

0 .460 
0 .313 

0 .447 
0. 532 

0 .397 
0. 313 

0. 388 
0 .465 
0 .464 

0 .402 
0 .403 

-
0.357 

0 .396 
0. 302 

0. 471 
0 .325 

0 .318 
0 .373 

-

rain 

»P 

(m / s ) 

1. 143 

0. 562 
0. 554 

0. 522 
0. 563 

0. 543 
0. 539 

0. 537 
0. 725 
0. 684 

0.661 
0 .715 

-
0. 551 

0. 599 
0. 536 

0 .726 
0 .522 

0.411 
0 .449 

0 .486 

Q 

( m 3 / . ) 

4 4 . 48 

36 .20 
39 .63 

30.21 
42. 14 

41. 20 
27. 23 

37 .37 
43 .78 

32. 65 
26. 80 

33. 61 
39.38 
39. 74 

35. 84 
38 .46 

-
36. 62 

39 .76 
28,95 

44 .03 
31 .39 

30. 17 
40. 05 

-

EC 

1.02 

1. 18 
1.46 

1.45 
1.79 

1. 17 
1.45 

1 .16 
1. 12 

1. 22 
1 .00 

I. 07 
1. 04 
1. 13 

1.20 
1.04 

1.02 

1 .06 

1. 13 
1.15 

1. 16 
1.66 

1.47 
1 .40 

1.46 

TDS 

(ppm) 

730 

820 
1010 

970 
1180 

780 
1080 

770 
800 

820 
700 

760 
710 
710 

820 
720 

720 

750 

830 
760 

860 
1190 

1040 
970 

1030 

pH 

7. 1 

7 .2 
7 . 6 

7 . 6 
7 .2 

7 .7 

-
7. 5 
7 .3 

7 . 2 
7 . 4 

7 . 0 
7 . 4 
7 . 4 

7 . 3 
8. 1 

8 .6 

7 . 4 

7 .3 
7 . 3 

7. 8 
7 . 4 

7 .3 
7 . 9 

7 . 0 

Waterdepth 

Pendu um constant 

Float constant 

Calibration 

SAR 

3 . 2 

3. 1 
3 . 0 

2 . 9 
7. 1 

0 .5 
3 .7 

2 . 8 
3 . 3 

3 . 9 
1.7 

2. 5 
2 .3 
2 . 3 

5 .7 
2 .7 

2 . 3 

3 . 0 

2 .4 
1 .6 

2 . 4 
3 . 5 

2 .1 
4 . 4 

3 . 2 

adj. 

SAR 

7 . 3 

7 . 3 
7 . 6 

' 7 . 4 
16. 1 

1 .4 
9 . 9 

4 . 7 
7 . 9 

8. 3 
4. 1 

6 .2 
5. 5 
5. 5 

11 .7 
6. 3 

5. 5 

7. 0 

6 . 0 
3 . 9 

6 . 2 
8 . 9 

5 . 6 
10. 5 

». 1 

RSC 

0 .3 

0. 0 
0 .0 

0 . 0 
0 .0 

0 . 0 
3. 5 

0 . 0 
0 .7 

0. 0 
0. 0 

t. 1 
0 . 0 
0 .0 

0. 1 
0 . 0 

0 . 0 

0 . 0 

0 . 4 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

: D » 

: c * 
P 

! e D ° 

: Q -

Ca 

4 . 4 

3 . 6 
4 . 6 

4. 7 
3 .7 

5 .2 
3 .7 

3. 5 
3 . 0 

3. 2 
3 . 2 

2 . 6 
4 . 4 
4 . 4 

2 .2 
3 . 4 

3 . 2 

3. 2 

3 .7 
4. 2 

4 . 6 
4 . 6 

5 .2 
3. 2 

2. 5 

5 .02 -

Mg 

0 .6 

2 . 4 
3. 8 

3 .3 
2 .0 

5 .2 
3 . 6 

3. 1 
2 .7 

2 . 4 
3 . 4 

3. 5 
1.7 
1.7 

1 .8 
2 . 3 

2 .9 

2 .4 

2 .3 
3 . 3 

2 .7 
3. 1 

4. 8 
3. 0 

4 . 8 

Hm 

+ 

~ ( D 

Na 

5 . 0 

5 .4 
6. 1 

5 .7 
12 .0 

1. 2 
7 . 0 

5. 1 
5. 5 

6 . 6 
3. 0 

4 . 3 
4 . 0 
4 . 0 

8 . 0 
4. 5 

4 . 0 

5 .0 

4. 2 
3. 1 

4.6^ 
6 .9 

4 . 7 
7 .7 

6 .1 

D 

- - ) 

K 

0 .2 

0. 3 
0. 1 

0. 2 
0 . 2 

0. 2 
0 .2 

0 .3 
0. 1 

0. 1 
0 . 4 

0 .2 
0 . 2 
0 .2 

0 .2 
0. 2 

0 . 2 

0 . 2 

1. 2 
0 . 6 

0. 2 
2 . 0 

0 . 2 
0. 1 

1 .2 

CO, 
3 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 .0 

. 0 .0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

HCO, 
3 

5 .3 

5. 1 
7. 7 

7 . 4 
4 . 9 

5 .2 
10 .8 

1.2 
6 . 4 

3 . 2 
5 .6 

7. 2 
5 . 2 
S. 2 

4. 1 
5 .4 

5 .4 

5 . 4 

6 . 4 
5 . 0 

7 . 0 
6 . 4 

7 . 0 
5 .8 

6 . 6 

SO. 
4 

0 .8 

2 .8 
0 .8 

1.2 
3 .4 

2 .3 
0. 1 

5 .8 
0 .9 

4. 1 
1.0 

0 .0 
0 .4 
0 .4 

1.8 
0 .8 

1.4 

1.3 

1 .4 
0 .9 

0 .8 
6 .0 

4. 1 
3 .7 

4 .2 

CI 

4. 1 

3 . 8 
6. 1 

5.3 
9 .6 

4 .3 
3 .6 

5 .0 
4 .0 

5 .0 
3 . 4 

3. 5 
4 .7 
4 .7 

6 .3 
4 .2 

3 .6 

4. 1 

3 .6 
5 .3 

4 .3 
4. 2 

3. * 
4 .5 

3 . 1 

2. 4. 3. EB 07, calibration measurement 

Date Waterdepth Discharge 

9/09/81 
21/10/81 
26/01/82 

3. 18 
3. 24 
3. 07 

37. 24 
33.46 
28.47 

Regression line : Q = 0. 52 D3- 6 0 , R2 = 0. 53 



2. 5. EB 08, Bahr Baqar drain at 'Kubri Bahr Baqar' 

2. 5. 1. EB 08, c ross section at measurement location 

Distoncf (m) 
0 ? 8 10 U 1« 22 26 30 3t 38 <2 t6 50 

Date of observation 
Depth at reference point 
Bridge width 
Cross section width 

08/12/80 
5. 27 m 
6. 45 m 
50. 00 m 

Fig. A 2-5. EB 08, c ross section at 
measurement location 

Distance 
from zero 
point(m) 

2 
6 

10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
49 

Effective 
section 

width (m) 
w 

4. 00 
4. 00 
3. 20 
4. 00 
3. 60 
3. 60 
4. 00 
3. 20 
4. 00 
3.60 
3. 60 
4. 00 
2. 00 

Area c ross 
section (m ) for 
Hm = 0; D= 5. 27 

A s 

11. 16 
14. 67 
13.41 
18. 80 
17. 57 
17. 90 
20. 83 
16. 55 
20. 91 
18. 60 
16. 90 
15. 79 
6. 14 

2. 5. 2. EB 08, calculation sheet 

Observation 

Catchment a 

Measuremer 

Remarks 

Date 

20 /12 /79 
01 /01 /80 
06 /01 /80 
27 /01 /80 
01 /02 /80 
10 /02/80 
25 /02 /80 
01 /03 /80 
09 /03 /80 
23 /03 /80 
01 /04 /80 
13 /04 /80 
20 /04 /80 
0 1 / 05 /80 
04 /05 /80 
26 /05 /80 
01 /06 /80 
03 /06 /80 
15 /06 /80 
29 /06 /80 
01 /07 /80 
16 /07 /80 
31 /07 /80 
01 /08 /80 
18 /08 /80 
01 /09 /80 
2 2 / 09 /80 
01 /10 /80 
04 /10 /80 
27 /10 /80 
0 1 / f l / 8 0 
11 /11 /80 
24 /11 /80 
01 /12 /80 
0 7 / 12 /80 
25 /12 /80 
01 /01 /81 
10 /01/81 

year 

rea 

t point 

D 
P (.3H) 

(m) 

3 .16 

2 .96 
2 .85 

2 .73 
2 .94 

2. 87 
2 .93 

2 .82 
2 .69 

2 .45 
2 .81 

2. 83 
2. 77 
2 .72 

2 .74 
2 .83 

2. 88 

3 .09 

3 .05 
2 .71 

3 .92 
2.97 

2 .92 
3 .05 

3 .03 

: 1980 

1 Bahr Baqar 

: EB 08 

A 

(m 2 ) 

110.48 

101. 12 
95 .97 

90 .46 
100. 19 

96 .91 
99 .72 

94. 57 
88. 49 

77. 37 
94. 10 

95. 04 
92. 23 
89 .89 

90 .83 
95. 04 

97 .38 

107.21 

105. 33 
89 .42 

146. 05 
101. 59 

99. 25 
105, 33 

104. 40 

V 

( m / . ) 

0. 387 

0. 369 
0. 363 

0. 349 

-
0.356 
0. 190 

0. 357 
0. 503 

0. 281 
0. 215 

0 .228 
0. 366 
0. 312 

0. 394 
0. 445 

0. 405 

0. 318 

0. 348 
0. 224 

0 .407 
0 .305 

0. 291 
0 .392 

0 .340 

drain 

»P 

( m / . ) 

0 .448 
0 .443 

0 .410 
0. 505 

0 .466 
0 .428 

0. 423 
0. 505 
0 .483 

0. 530 
0. 581 

0 .492 

0. 543 

0. 617 
0. 355 

0. 436 
0 .439 

0. 370 
0. 442 

0 .432 

Q 

<m3/»> 

42. 75 

37 .33 
34 .85 

31 .49 

-
34. 52 
18.92 

33.77 
44.51 

21 .72 
20.22 

21.64 
33.75 
28 .03 

35.77 
42 .28 

39.47 

34. 12 

36 .36 
20 .04 

59.41 
31 .02 

28.88 
41.27 

35. 52 

EC 

1. 04 

1. 16 
2. 21+ 

1.70 
1.02 

1. 14 
1. 66 

1 .22 
1. 16 

1. 21 
1.04 

1. 10 
1. 11 
1. 11 

1. 13 
1.09 

1. 13 

1. 11 

1. 15 
1. 15 

1. 18 
1.67 

1. 61 
1. 55 

1.44 

TDS 

(ppm) 

730 

790 

1200 
710 

780 
1230 

780 
800 

790 
720 

760 
770 
770 

850 
760 

820 

780 

810 
810 

830 
1210 

1150 
1100 

1010 

pH 

7. 2 

7. 1 
7 .6 

7 .6 
7 .0 

7 .2 

-
7. 2 
7 .3 

1. 2 
7 .4 

7 .3 
7 .3 
7 .3 

7. 5 
7 . 8 

7. 1 

7. 6 

7. 3 
7 .4 

7 .3 
7. 5 

7. 1 
8 .0 

7 .2 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

SAR 

2 . 4 

2 . 5 

3 . 6 
2 . 0 

1.3 
4 . 4 

2 .8 
2 . 6 

2 . 3 
2. 1 

2 . 3 
3. 1 
3. 1 

5 .4 
2 . 6 

2. 5 

2. 8 

2 .0 
2. 8 

1 .5 
2 .9 

3 . 4 
4 . 8 

4. 3 

»dj. 

SAR 

5 .8 

6 . 2 

9 . 6 
4. 7 

3 . 3 
11 .9 

4. 8 
6. 5 

5. 2 
5. I 

5 .7 
7 .3 
7 . 4 

12. 4 
6. 2 

5 .9 

6. 8 

5. 0 
7 . 0 

4. 1 
7. 5 

8. 7 
11 .6 

10 .4 

RSC 

0 . 0 

0 . 1 

0. 0 
0 . 0 

0. 0 
3. 1 

0. 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

2. 5 
0. 0 

0. 1 

0 . 0 

0. 0 
0. 0 

0. 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 

: D = 5. 

: c a 

P 
! c't>" 

: Q = 

Ca 

5 . 0 

3 . 9 
8. 7 

5 .2 
3 .7 

4. 7 
5. 2 

4 . 0 
3 . 0 

3 . 7 
3. 5 

3 . 6 
3. 6 
3 . 6 

3. 2 
3 . 9 

3 . 2 

3. 2 

4 . 2 
3 . 7 

4 . 0 
5 .4 

4. 5 
3 . 4 

1 .8 

27 - Hm 

Mg 

1 .0 

2 . 6 
8. 1 

4. 2 
2 . 7 

3. 8 
2. 5 

3. 1 
3 . 6 

3. 8 
2 . 7 

3. 0 
2. 1 
2. I 

0 . 8 
2 . 3 

2. 1 

2. 8 

3. 3 
2. 8 

4 . 6 
3 . 2 

4. 8 
3 . 3 

4 . 7 

+ 

- ( D 

Na 

4 . 2 

4. 5 
5. 0 

7 . 9 
3. 5 

2. 7 
8 . 6 

5 .3 
4. 8 

4. 5 
3. 7 

4. 2 
5 . 2 
5 .3 

7 .7 
4. 5 

4. 1 

4 . 9 

3 . 8 
5. 1 

3 . 2 
6. 1 

7 . 3 
8 .7 

7 . 7 

D 

-) 

K 

0 .2 

0 .2 
0. 2 

0. 2 
0 .2 

0. 2 
0 .2 

0. 3 
0. 1 

0. 1 
0 . 4 

0. 2 
0. 2 
0. 1 

0. 2 
0 . 2 

2 .0 

0. 2 

0. 2 
0. 1 

0. 2 
2 . 2 

0. 1 
0. 1 

0 .2 

~" 

CO, 
3 

0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

HCO„ 
3 

5. 5 

6 . 6 
7 .3 

7 . 4 
5 .2 

5. 2 
10 .8 

1 .2 
6 . 0 

3. 2 
5 . 6 

6 . 0 
5 .4 
5 . 4 

6 . 5 
6 . 0 

5 .4 

5. 8 

6 . 8 
6. 1 

7 . 0 
6 . 2 

6 . 0 
6 . 0 

6 . 2 

SO, 
4 

0 . 3 

0 .0 
9. 1 

3 . 4 
2 . 0 

2 .4 
2. 1 

3. 5 
1. 5 

3 . 9 
0 .6 

0. 6 
1.0 
1.0 

0. 3 
0. 5 

1. 1 

1.2 

0 .7 
0. 5 

0 .7 
6 .1 

6 . 4 
6 .7 

4 . 7 

Cl 

4 . 6 

4 . 6 
5 .6 

6 .7 
2 .9 

3 .8 
3 .6 

8 .0 
4 . 0 

5 .0 
4. 1 

4 . 4 
4 .7 
4 .7 

5. 1 
4 .4 

4 .9 

4 .1 

4 . 0 
5. 1 

4 .3 
4 .6 

4 .3 
2 . 8 

3 . 5 

2. 5. 3. EB 08, calibration measurements 

Date Waterdepth Discharge 

27/09/81 
01/11/81 
07/02/82 

3. 17 
3. 06 
2. 79 

43. 63 
29.02 
23. 85 

Regression line : Q = 0. 31 D ' , R = 0. 81 



2. 6. EH 02, Hanut pump station 

2. 6. 1. EH 02, calibration measurements 

Measurement date: 28/10/81 

Suction hea 
UH (m) 

2. 05 
2. 76 
1. 88 
2. 65 
1. 82 
2. 44 

d Disc 
unit 1 

4. 64 
4. 53 

ha l 3 rge (m 
unit 2 

5. 13 
4. 70 

/ . ) 
unit 3 

5. 36 
4. 82 

Regression line: D = 6. 28 - 0. 63 H m 3 , s"1 , R2 = 0. 63 

dischorge 0 ( m V ) 
6 

measurement dote: M W I I 

6.25-0.624H 
• 0,59 

« 3 3.5 
suction head AHIml 

Fig. A 2-6. EH 02, calibration measurements 

2. 7. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadus' 

2. 7. 1. EH 11, c ross section at measurement location 

Distance (m) 

0 ? 6 10 14 16 72 26 30 3 i 3» 42 46 50 54 58 62 66 

Fig. A 2-7. EH 11, c ross section at 
measurement location 

Date of observation 
Depth at reference point 
Bridge width 
Cross section width 

08/12/80 
6. 23 m 
5. 73 m 
68. 00 m 

Distance 
from zero 

point(m) 

2 
6 

10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
50 
54 
58 
62 
66 

Effective 
section 

width (m) 
w 

3. 70 
4. 00 
3. 70 
3. 70 
4. 00 
3. 70 
3. 10 
3. 40 
4. 00 
3. 40 
4. 00 
4. 00 
3. 40 
4. 00 
4. 00 
3. 40 
3. 70 

Area c rosa 
section(m ) 

for Hm = 0; D= 6. 23 
A s 

11.91 
16.46 
18. 85 
21.46 
24. 73 
22.46 
17. 79 
20. 05 
24. 88 
19. 60 
23. 85 
24. 88 
20. 25 
23. 34 
19.90 
13. 37 
12. 75 



2. 7. 2. EH 11, calculation sheet 

Observatior 

Catchment 

Meaaureme 

Remark! 

Date 

20/12/79 
01 /01/80 
06 /01/80 
27/01/80 
01/02/80 
10/02/80 
25/02/80 
01/03/80 
09 /03/80 
23/03/80 
01/04/80 
13/04/80 
20/04/80 
01 /05 /80 
04 /05/80 
26/05/80 
01 /06/80 
03 /06/80 
15 /06/80 
29/06/80 
01 /07/80 
16/07/80 
31/07/80 
01 /08/80 
18/08/80 
01/09/80 
22/09/80 
01 /10 /80 
04 /10 /80 
27 /10 /80 
01 /11/80 
11/11/80 
24 /11/80 
01 /12/80 
07 /12/80 
25 /12/80 
01/01/81 
07/01/81 

year 

Irea 

nt point 

D 
P (,H) 

(m) 

3 .86 

3 .71 
3 .46 

3. 47 
3 .85 

3 .75 
3. 57 

3 .72 
3. 71 

3. 60 
3. 70 

3. 62 
3 .74 
3. 56 

3 .88 
3. 93 

3 .90 

4 .09 

3. 33 
3 .77 

3. 87 
3 .93 

3. 80 
3 .88 

4 .20 

1 

A 

(m 2 ) 

186. 7 5 

177.27 
161.47 

162. 10 
186. 11 

179.79 
168.42 

177.90 
177. 27 

170. 31 
176. 63 

171. 58 
179. 16 
167.79 

188.01 
191. 17 

189.27 

201.28 

153. 25 
181.06 

187. 38 
191. 17 

182.95 
188.01 

208. 23 

1980 

Bahr 

EH 11 

V 

( m / . ) 

0. 511 

0 .376 
0 .298 

0. 218 
0. 635 

0. 450 
0 .430 

0 .514 
0 .476 

0.307 
0.423 

0.376 
0. 518 
0. 289 

0. 540 
0. 523 

0 .463 

0.439 

0. 539 
0 .403 

0. 308 
0. 345 

0 .312 
0 .398 

0. 425 

ladua c 

v p 

-

1. 273 

0. 522 
0. 422 

0 .476 
0 .470 

0 .426 
0. 542 

0. 347 
0, 576 
0. 270 

0. 523 
0. 561 

0 .437 

0. 525 

0 .465 
0 .418 

0. 360 

0. 369 
0. 359 

0. 157 

rain 

Q 

( m 3 / . ) 

95. 47 

66. 70 
48. 18 

35. 33 
118. 11 

80. 94 
72. 42 

91. 51 
84 .45 

52. 20 
74. 65 

64.48 
92. 75 
48 .49 

101.48 
100. 00 

87. 55 

88. 32 

82. 57 
72.97 

57. 78 
66 .02 

57.00 
74. 87 

88.41 

E C 

1. 57 

2. 52 
3 .83 

4. 51 
0 .99 

1. 87 
2. 31 

2. 21 
2. 30 

2. 50 
1.60 

2. 22 
2. 38 
2. 09-

2. 55 
2. 55 

2. 55 

2 .46 

2. 18 
2 .09 

2. 28 
2 .73 

2. 73 
2. 18 

2. 18 

TDS 

(ppm) 

970 

1550 
2390 

2740 
670 

1180 
1470 

1510 
1430 

1550 
1030 

1500 
1520 

1630 
1620 

1650 

1560 

1440 
1380 

1510 

1780 
1490 

1410 

p H 

7.4 

7 . 4 
7. 5 

7 . 6 
7. 2 

7. 7 

7 . 4 
7 .7 

7 . 4 
7 . 6 

7 .3 
7 . 4 
7 .4 

7. 2 
7. 8 

7 . 4 

7 . 6 

7 . 4 
7. 8 

7. 9 
7. 5 

7. 3 
8 . 2 

7. 5 

Water 

Pendu 

depth 

lum constant 

Float conatant 

Calibration 

SAR 

3 .9 

5 .8 
6 .9 

8 . 0 
1.9 

2. 7 
4. 7 

6 . 0 
6. 1 

6 .6 
4 . 3 

4 . 6 
7. 1 

8 .5 
7. 1 

6. 8 

6 .9 

5 .2 
5. 5 

5 .0 

4 . 7 
5 .6 

4 . 3 

adj. 

SAR 

8 .9 

14 .0 
18.3 

21 .7 
4. 3 

6 .4 
12. 7 

16. 1 
14. 6 

13 .9 
10. 0 

12 .6 
17 .4 

20. 0 
17. 6 

16. 8 

16 .5 

13 .0 
14 .2 

13 .3 

11 .9 
13 .4 

10 .5 

B S C 

0. 0 

0. 0 
0. 0 

0. 0 
0 .0 

0 .0 
0. 0 

0. 0 
0. 0 

0 .0 
0. 0 

0. 0 
0 . 0 

0. 0 
0 .0 

0. 0 

0 .0 

0 . 0 
0 . 0 

0. 0 

0. 0 
0 . 0 

0 . 0 

: c = 

! C'D' 

: Q -

C a 

5. 5 

4. 2 
9. 5 

8. 9 
3. 8 

5. 2 
5. 2 

5. 0 
4. 5 

4. 7 
5. 0 

3 . 6 
4 . 4 
3 . 4 

3. 1 
4 .7 

5. 0 

4. 7 

5 .3 
5 .3 

5 .4 
6 .8 

5. 8 
3 . 9 

1. 8 

D = 6 

M , 

2 .2 

7 .0 
8 .6 

10. 8 
2. 5 

6 .8 
6 .4 

4. 5 
4. 5 

5 .3 
2 .6 

8 .0 
4 . 4 
3 . 4 

4 . 9 
4. 8 

4. 5 

4 . 8 

4 . 8 
3 . 8 

5. 7 
2 . 3 

9 .2 
5 .6 

9. 5 

23 - Hm 

+ .. . 

. ( D ...... 

N a 

7.7 

13. 7 
20. 9 

25 .0 
3 . 4 

6. 5 
11. 2 

13. 0 
13. 0 

14. 8 
8 . 3 

11 .0 
14. 8 
15.7 

17 .0 
15. 5 

14. 8 

15. 0 

11 .6 
11. 8 

11. 7 
6 .2 

13. 0 
12. 3 

10 .2 

D 

.... . ) 

K 

0 .2 

0 .2 
0. 2 

0. 2 
0. 2 

0. 2 
0 .2 

0 .3 
0 .2 

0. 2 
0. 1 

0 .2 
0. 2 
0 .4 

0. 5 
0 .2 

1. 1 

0. 1 

0 .2 
0. 1 

0 .2 
0 .2 

0 .2 
0 .2 

0 . 3 

C°3 

0 .0 

0 . 0 
0. 0 

0 .0 
0 .0 

0 . 0 
0 . 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0. 0 
0 . 0 
0 . 0 

0 .0 
0 . 0 

0 . 0 

0 .0 

0 . 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

H C 0 3 

3 .6 

4 . 2 
5. 1 

6. 2 
3. 8 

3 . 6 
8 .0 

9. 2 
4 . 4 

2. 3 
4 . 4 

8. 8 
5. 6 
5 . 6 

4. 8 
5 .4 

5 . 3 

4 .5 

5 .4 
6 .7 

7 . 6 
4 . 6 

4. 0 
4. 2 

4 . 3 

S O « 

0. 3 

4. 9 
6 .8 

7. 5 
2. 7 

6 . 6 
0. 2 

0. 1 
6 .3 

8. 2 
2. 0 

2. 8 
3. 2 
2 .3 

6 .0 
5 .8 

5 . 8 

5.8 

6. 6 
3. 0 

3 . 4 

11. 7 
13. 1 

10. 2 

CI 

11.7 

16.0 
27 .3 

31 .2 
3 . 4 

8. 5 
14 .8 

13. 5 
11. 5 

14. 5 
9 . 6 

11 .2 
15 .0 
15 .0 

14. 7 
14 .0 

14 .3 

14 .3 

9 .9 
11 .3 

12 .0 
20 .0 

12. 5 
4 . 7 

7 . 3 

2. 7. 3. EH 11, cal ibration mea suremen t s 

Date 

02/Ö2782-

02/02/82 
02/02/82 
02/02/82 

Discharge 

T ime 
Water 
depth 
D(m) Calibration 

Q (m3. 8-1) 

Floats 

08/11/81 13.00 3.71 
08/11/81 12.30-14.30 3.71 
08/11/81 14.00 3.71 
08/11/81 14.45 3.71 

39. 61 

44. 18 

Cro s s sect ion 
(m^) at routine 
measurement 

location, A 8 

177.27 
177. 27 
177. 27 
177.27 

Average 
ve loc i ty 

Calibration F loats 

Pendulum m e t e r 
ve loc i ty in 

re ference sect ion 

0. 223 

0. 249 

0. 279 

0. 317 

14 .00 3 . 4 5 
1 3 . 3 0 - 1 5 . 3 0 3 . 4 4 

15 .00 3 . 4 4 
16 .00 3 . 4 4 

13. 56 

30. 70 

160. 20 
160. 20 
160. 20 
160. 20 

0. 085 

0. 192 

0. 123 

0. 146 

Discharge Im' »"'l 
50 

2S 

Moot velocity lm.»-'l 
°.Sr 

0.4 

0.2 

lM?_ 
at 02 0.3 OA a s 

calibration wiocitylm.s'1) 

Fig. A 2 -8 . EH 11, Stage d i scharge relation Fig . A 2 -9 . EH 11, current meter-f loat relation 



perxMum vttocityfm s'1) 
0.5 r 

0.3 

M 

0.1 

(• '«/• I t * ' 

* * * * 
•* * 

<V5« 
ai 07 a3 (u as 

calibration vtlocitytmV) 

Fig. A 2-10 EH 11, current meter - pendulum meter relation 

2. 8. EH 13, Bahr Hadus drain 'outfall' 

2. 8. 1. Calculation sheet 

Observation year 

Catchment area 

Measurement point 

Remarks 

: 1980 

f Bahr Hadus drain 

: EH 13 

: Data on discharges of 1979, 1981 
and 1982 are also used 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

: D = 2. 86 

: c * 
P 

: c D * 

: Q » . _ 

- Hm 

+ _ 

_ ( D — 

...D 

) 

D 
WH) 
(m) (m 2 ) ( m / . ) (m / s ) (mV>) 

TDS 

(ppm) 

pH adj. RSC 

SAR 

Mg 

07/U/80 
08/U/79 
25/12/80 
01/01/80 
07/01/80 
28/01/80 
01/02/80 
11/02/80 
23/02/81 
26/02/80 
01/03/80 
10/03/80 
24/03/80 
01/04/80 
10/04/79 
14/04/80 
21/04/80 
01/05/80 
05/05/80 
19/05/79 
27/05/80 
01/06/80 
04/06/80 
16/06/80 
19/06/79 
01/07/80 
14/07/79 
16/07/80 
01/08/80 
06/08/80 
18/08/80 
01/09/80 
22/09/80 
01/10/80 
04/10/80 
27/10/80 
01/11/80 
11/11/80 
15/11/81 
24/11/80 
01/12/80 
07/12/80 
25/12/80 
01/01/81 
07/01/81 

2.19 

2 .32 
2 .31 

2.32 

0.139 

0. 222 

0. 148 

0 .218 
0. 190 

0. 187 

0. 239 
0 .255 

0. 186 

0. 176 

0. 139 
0. 222 

7 .56 

40.75 

4 8 . 26 

55. 57 

53 .34 

45 .09 

48 .89 

53 .94 

46. 17 

2. 13 

2 .24 
4 .33 

5 .78 

2 .21 

2 .04 
2 .64 

2 .47 
2. 13 

2 .29 

2. 16 

2 .46 
2. 33 

2. 73 

2 .73 
2. 82 

2. 73 

2. 73 

2 .46 
2. 18 

2 .46 

3. 28 

3. 19 
2. 55 

1400 

1430 
2690 

3520 

1400 

1270 
1710 

1440 
1380 

1490 

1390 

1510 
1460 

1660 

1780 
1800 

1750 

1730 

1620 
1420 

1600 

2150 

2020 
1780 

7 . 6 

8 .2 
7 . 6 

7 . 4 

7 .3 

7 .3 

-

7 .2 
7. 5 

7 . 4 

7 . 6 

7 . 6 
7. 1 

7. 1 

7 .3 
7 .7 

7 . 4 

7 . 5 

7 .3 
8 .0 

7 .8 

7 .4 

7 . 4 
8. 1 

5. 7 

6. 8 
11. 7 

11 .1 

5 .0 

3. 3 
6 .1 

5 .6 
6. 5 

6. 1 

6 . 3 

4. 8 
6 .2 

6. 8 

9 . 2 
6 . 9 

6 .6 

6. 5 

10. 0 
5. 3 

5.8 

7. 5 

7. 6 
9 .1 

13 .7 

15. 5 
29. 1 

2 9 . 4 

11 .7 

8. 1 
16 .4 

8. 6 
15. 1 

12 .6 

14. 8 

10 .4 
15.'4 

16 .9 

2 1 . 8 
17 .4 

16. 6 

16 .5 

2 3 . 6 
13.8 

15 .5 

18. 5 

19 .0 
21. 7 

0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0. 0 

0. 0 
0 . 0 

0. 0 

0 . 0 

0. 0 
0. 0 

0. 0 

0. 0 
0. 0 

0. 0 

0. 0 

0. 2 
0 . 0 

0. 0 

0 . 0 

0 . 0 
0 . 0 

4 . 4 

4 . 8 
9 . 0 

11 .0 

5. 0 

4 . 7 
6 .3 

5 .0 
4. 0 

4 . 2 

5. 0 

6 .2 
5. 0 

6 . 0 

3 . 6 
6 .3 

J. 2 

5.7 

3. 2 
5 . 0 

5. 1 

8 . 0 

5 .8 
3 . 9 

4 . 6 

3 . 6 
4. 1 

10 .4 

5. 5 

7. 3 
5 .3 

5 . 9 
4. 1 

5. 3 

3. 6 

6 .1 
4. 5 

4. 5 

4. 9 
S. 2 

5. 6 

5 .8 

2 . 8 
5 .0 

6 . 0 

4 . 8 

6 . 2 
3. 7 

12 .0 

13 .9 
3 0 . 0 

36 .2 

11 .4 

8 . 2 
14 .6 

13 .0 
13 .0 

13 .2 

13 .0 

12 .0 
13 .6 

15 .6 

19 .0 
16 .5 

15 .3 

15.7 

17 .4 
11 .9 

13.7 

18 .9 

18.7 
17.8 

0 . 2 

0 . 2 
0. 1 

0 . 2 

0 . 2 

0. 2 
0 .2 

0 .2 
0. 1 

0. 2 

0 . 0 

0. 3 
0. 2 

0 . 2 

0 . 2 
0 . 2 

1. I 

0. 1 

1.2 
0. 1 

0. 2 

1. 1 

0. 5 
0. 1 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 

0 . 0 
0 .0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

4 . 8 

3. 8 
4 . 9 

5 .3 

3 . 6 

3 . 6 
8. 0 

0. 8 
4. 4 

2 .3 

4 . 4 

2. 2 
5 .2 

5. 2 

4 . 8 
5 .4 

5 .4 

5 .2 

6 . 2 
6 .6 

7 . 6 

4 . 5 

4 . 8 
5 .4 

7 .9 

5.2 
8 .7 

11.7 

7 .0 

5 .8 
2.7 

6 .8 
6.3 

12.6 

5.2 

7 .4 
1.7 

4 .6 

7 .7 
6 .9 

6 .2 

6 .0 

3 .6 
2 .7 

2. 1 

14 .0 

12 .0 
15 .9 

8 .5 

13.5 
29.6 

40.8 

11.5 

11.0 
15.7 

16. 5 
10.5 

8 .0 

12.0 

15.0 
16.4 

16.5 

15.2 
15.9 

15.6 

16. 1 

14.8 
12.7 

15.3 

14.3 

14.4 
4 .2 

750 7. 1 3. 8 8. 5 0. 0 2.0 0.0 

* • Th« diachargaa »r« calibration m t t i u r t m e n l l (Annex 1. 8. 5) 



2. 9. MG 09, pump station No. 4 

2. 9. 1. MG 09, calculation sheet 

Observation year 

Catchment area 

Measurement point 

Remarks 

1980 

Charbia drain 

Waterquatity data jan-march 
from observation year 1981 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

: D = -. - Hm 

c p " 

: <D ' + -

: Q = - ( D 

D A 
(âH) , 
(m) (m ' ) (m / s ) (m / s ) ( m 3 / . ) 

TDS pH 

(ppm) 

adj. 

SAR 

M g C 0 3 HCOj S 0 4 

30/12/80 
01/01/80 
23/01/81 
01/02/80 
09/02/81 
22/02/81 
01/03/80 
06/03/81 
21/03/81 
01/04/80 
04/04/81 
U / 0 4 / 8 0 
01/05/80 
06/05/80 
20/05/80 
01/06/80 
09/06/80 
22/06/80 
01/07/80 
08/07/80 
25/07/80 
01/08/80 
07/08/80 
30/08/80 
01/09/80 
14/09/80 
27/09/80 
01/10/80 
15/10/80 
01/11/80 
06/11/80 
20/11/80 
01/12/80 
30/12/80 
01/01/81 
23/01/81 

8. 86 

8.23 

6. 26 
6. 26 

9. 97 
9. 97 

10.62 
10. 62 

9.28 
9. 28 

12. 63 
12. 63 

15. 53 
15. 53 

17. 84 
17. 84 

14.46 
14. 46 

2. 28 

2. 09 

6.44 
2. 32 

1. 81 
2. 26 

1.36 
1.42 

2. 13 
1.38 

1.07 
1. 92 

1. 48 
1.43 

1. 27 
1.32 

1.40 
1. 51 

13.30 1.04 

8.92 
8. 92 

10.40 

8.86 

1.40 
1.40 

2.28 

2.09 

1530 

1390 

3930 
1440 

1190 
1370 

930 
920 

1320 
910 

710 
1290 

960 
960 

870 
910 

930 
9 50 

920 
910 

1530 

1390 

7. 5 

8.0 

7. 2 
7.0 

7. 6 
7. 6 

8. 2 
7.4 

7.8 
7.4 

7. 6 
7. 7 

7. 6 
8. 0 

7. 3 
7.6 

7.6 
7.6 

7.6 
7.4 

7. 5 

8. 0 

9.4 

4.2 

9.4 
4. 1 

5. 3 
6. 2 

4. 2 
4. 5 

6.0 
2.8 

4. I 
6. 0 

4. 0 
4. 8 

3. 6 
5. 4 

4. 7 
2. 2 

3.6 
1.6 

9.4 

4. 2 

21. 1 

10.3 

28.0 

10. 1 

12. 0 
14. 2 

9. 0 
10.0 

13. 5 
6.3 

8. 7 
14. 1 

9. 3 
11.2 

8. 5 
12. 1 

10. 8 
5.6 

5. 1 

8. 5 
3.9 

21.1 

10. 3 

0. 0 

0.0 

0.0 
0. 0 

0. 0 
0. 0 

0. 0 
0.0 

0.0 
0.0 

0.0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0.0 
0.0 

0. 0 
0.0 

0. 0 

0. 0 

4.4 

4. 8 

14.2 
6.5 

6.5 
3. 8 

3. 1 
3. 5 

4.2 

3.5 

2. 1 
2. 8 

2. 6 
3. 2 

4. 7 
3. 2 

3.2 
3. 2 

5. 5 
3.9 

4.4 

4. 8 

1. 8 

6.3 

14.2 
6. 1 

0. 6 
5. 3 

3. 0 
2.7 

4.3 
3.7 

2.4 
4. 7 

4.6 
2. 8 

1. 8 
1. 8 

2.4 
6. 8 

1. 5 
6.9 

1. 8 

6.3 

16. 5 

10. 0 

35.4 
10.3 

10. 0 
13. 3 

7.3 
8.0 

12.3 
5.3 

6.1 
11.6 

7. 5 
8.4 

6. 5 
8.6 

7.9 
4. 9 

6.7 
3.7 

16.5 

10.0 

0.2 

0. 4 

1.2 
0.5 

0.9 
0. 2 

0. 2 
0.2 

0.2 
1.5 

0. 2 
0.4 

0.2 
0. 1 

0. 1 
0. 1 

0. 6 
0. 1 

0.3 
0. 2 

0.2 

0. 4 

0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0. 0 
0. 0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0. 0 
0. 0 

0. 0 
0.0 

0.0 
0.0 

0.0 

0.0 

4.7 

4. 0 

9.8 
4. 0 

4.0 
3. 5 

3.6 
3.6 

4.0 
4. 8 

4.7 
5.0 

5.0 
4.7 

4.8 
5.4 

5.0 

4. 0 

4.7 

4.0 

8.3 

8.2 

4.0 
3.7 

3. 8 
2. 2 

6.8 
1.6 

4.2 

2.2 

0.7 
6.4 

1.5 
1.7 

0.9 
1.4 

0. 6 
1. 5 

1.0 

0.4 
2.4 

8.3 

8. 2 

9.9 

9.3 

51.3 
15.7 

10. 2 
16.9 

3. 5 
9.0 

13.2 
8. 2 

6.1 
8.3 

8.7 
7.8 

7.2 
7.6 

8. 7 
8. 1 

4. 6 

8.6 
8.3 

9.9 

9.3 

2.10. MG 10, pump station No. 3 

2. 10. 1. MG 10, calculation sheet 

Observation year 

Catchment area 

Measurement point 

Remarks 

1980 

Charbia drain 

MG 10 

Waterquality data jan - march 
from observation year 1981 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

D = 

c = „ 
P 

e D * + - -

Q =• ( D _ 

D A v v p Q EC TDS 
(ÛH) 2 3 

(m) (m ) (m/s ) ( m / s ) (m / • ) (ppm) 

pH adj. 

SAR 

RSC Ca M g Na Cl 

30/12/80 
01/01/80 
23/01/81 
01/02/80 
09/02/81 
22/02/81 
01/03/80 
06/03/81 
21/03/81 
01/04/80 
04/04/81 
16/04/80 
01/05/80 
06/05/80 
20/05/80 
01/06/80 
09/06/80 
22/06/80 
01/07/80 
08/07/80 
25/07/80 
01/08/80 
07/08/80 
30/08/80 
01/09/80 
14/09/80 
27/09/80 
01/10/80 
15/10/80 
01/11/80 
06/11/80 
20/11/80 
01/12/80 
30/12/80 
01/01/81 
23/01/81 

8. 62 

7. 67 

6. 05 
6. 05 

8. 66 
8. 66 

7. 90 
7.90 

7.94 
7.94 

13. 14 
13. 14 

14. 76 
14. 76 

15. 52 
15. 52 

16. 58 
16. 58 

7.49 
7.49 

9. 47 

8. 62 

3. 64-

2.37 

8. 31 
2. 26 

2. 03 
2. 83-

1.92 
2. 29 

2. 04 
2.04 

2. 30 
2. 83 

2.73 
2.21 

1.91-
2.00 

2.73 
2. 82 

12.40 1.69 

1. 00 
2.49 

3.64-

2.37 

1550 

4940 

1240 
1430 

1340 
1140 

1440 
1810 

1730 
1430 

1760 
1790 

650 
1570 

7.4 

7.9 

7.4 
7. 2 

7. 8 
7. 5 

7. 5 
7. 6 

7. 7 
7.2 

7.8 
7. 6 

7.7 
7.6 

7.5 
7.4 

7. 5 
7. 6 

7.6 

7. 5 
7.2 

7.4 

7.9 

7.4 

13. 1 

6. 1 
6.0 

7.7 
5. 5 

7.8 
8.9 

8. 1 
7.0 

6.4 

8. 6 
7.6 

2.9 
6.5 

17.4 

35.4 

13. 6 
14. 0 

16.9 
12.2 

17.9 
21. 0 

19. 5 
16. 8 

20.7 
19.2 

6. 1 
16.7 

0.0 

0.0 

14. 3 0. 0 

0.0 
0.0 

0.0 
0.0 

0.0 
0. 0 

0.0 
0.0 

15.2 0.0 

0.0 
0.0 

6. 5 0. 0 

0.0 
0.0 

17.4 0.0 

4. 8 

4. 8 

11.7 
0. 2 

5. 9 
5. 4 

3.4 
4. 5 

4.4 
2. 7 

2.6 
3.0 

4. 7 
4. 2 

4. 2 
3. 2 

3. 2 
3. 9 

3. 2 
4. 8 

4.8 

4. S 

5. 6 32. 0 

3.4 15.0 

18.8 51.1 
2.3 15.7 

1.5 12.5 
6. 0 20. 0 

4.4 12.0 
5. 0 13. 0 

2.1 13.8 
4. 6 10. 5 

4.9 15.2 
6. 2 19. 0 

4.8 17.7 
3. 8 14. 0 

4.3 13.5 
4.4 12.4 

5.6 18.0 
6. 6 17. 5 

5.8 

1. 8 4. 6 
5. 3 14. 6 

5. 6 32. 0 

3.4 15.0 

0.6 

0.4 

1.4 
0.3 

0.2 
0. 2 

0. 2 
0. 2 

0.2 
0.4 

0.3 
0.2 

0.3 
0.2 

0.2 
0. 2 

0. 3 
0.2 

0.4 
0.2 

0.6 

0.4 

0. 0 

0.0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0.0 

0.0 
0.0 

0.0 
0.0 

o. o 
0. o 

0. o 
0. o 

0.0 
0.0 

0. o 

0. o 

4.7 

4.5 

5. 0 
4.3 

3. 5 
3. 8 

3.6 
4.0 

4. 0 
3.6 

4.2 
4.6 

4.7 
5. 1 

5.2 
5. 1 

5. 1 
5.6 

3.2 
6.4 

4. 7 

4. S 

16.2 

7.8 

14. 2 

1.7 
4.3 

2.9 
5.2 

6.1 
3. i 

3.8 
8. 7 

5.3 
4. 1 

4.0 

2.3 

8.7 
6.0 

0.8 
1. 5 

16.2 

7.8 

22. 1 

11.3 

63. 8 
15.8 

14.9 
23.5 

13. 5 
13.5 

10.4 
11.5 

15.0 
15.1 

17.5 
13.0 

13.0 
12. 8 

13.3 
16.6 

5.9 

5.9 
17.0 

22. 1 

11.3 



2. 11. WE 10, Edko pump station 

2. 11. 1. WE 10, calculation sheet 

Observation year : 

Catchment area i 

Measurement point : 

Remarks : 

1980 

Edko d 

WE 10 

Water quality data of , 
are I ron 1981 

D A V 
Date P ( H) 

(m) (m') (m/s ) 

3 0 / 12 /80 
0 1 / 01 /80 

1/01/80 
20 /01 /81 
111/01/80 
01 /02 /80 
03 / 02 /81 
08 /02 /81 
I i / 02 /80 

25 /02 /81 
0 1 / 03 /80 

1 /03/80 
12 /03 /80 
2 4 / 03 /80 
0 1 / 04 / 80 
0 9 / 04 /80 
11/04/80 

22 /04 /80 
0 1 / 05 /80 

1 /05/80 
I3/05/8O 
21 /05 /80 
01 /06 /80 
04 /06 /80 
14 /06 /80 
111/06/80 
01 /07 /80 
02 /07 /80 
16 /07 /80 
III /07/80 
0 1 / 08 /80 
0 2 / 08 /80 
18 /08 /80 
111/08/80 
0 1 / 09 /80 
02 /09 /80 
18 /09 /80 
27 /09 /80 
0 1 / 10 /80 

1 /10/80 
13 /10 /80 
III /10/80 
0 1 / 11 /80 
02 /11 /80 
16/11/80 
I I I /U/80 
01 /12/80 
03 /12/80 
17/12/80 
30 /12/80 
01/01/81 

1/01/81 
20/01/81 

vp Q 

(m/s ) <m 3 /») 

_ 
1. 91 
2. 45 
1. 64 

2. 18 
2. 18 
1.96 
1. 86 

1.42 
2. 60 
5 .64 

4 . 42 
4 . 46 
4 .62 

5 .05 
5.47 
4. 99 

6. 35 
6. 06 
6. 81 

8. 95 
8. 84 
8. 93 

9 .42 
9. 09 
8. 94 

10. 28 
10. 29 
10. 03 

7. 09 
5. 98 
5. 22 

5. 19 
6 .24 
5.41 

4. 91 
2. 60 

1.91 
2 .45 

an-Feb 

EC 

6.37 

7. 55 

13.29 
4 .75 -

5.20-

7.82 
3.91 

4 .93 

4.67 

3 .83 
3. 74 

3. 15 
4 .30 

4. 00 
3. 55 

3.45 
3. 28 

2. 91 
3. 28 
3.28 

3. 55 

4. 00 
4. 55 

5. 00 
6. 55 
6.37 

7. 55 

r. 

TDS 

(ppm) 

4750 

5500 

9620 

4900 
2540 

3450 

2960 

2290 
2280 

1910 
2580 

2630 
2280 

2160 
2080 

1950 
2070 
2110 

2200 

2510 
2940 

3170 
4610 
47 50 

5500 

pH 

7. 9 

7 .4 

8. 0 
7. 0 

6 .9 

7 .7 
7. 2 

7 . 4 

7. 7 

7. 7 
6. 7 

7 .6 
7 .9 

7. 6 
7. 8 

7. 7 
7. 6 

7 .4 
7. 6 
7. 7. 

7. 5 

7. 5 
8 .0 

7 . 4 
7. 1 
7 .9 

7 . 4 

Waterdcpth 

Pendi 

Float 

lum constant 

constant 

Calibration 

SAR 

19. 0 

25. 5 

23. 2 

19. 0 
13. 1 

14. 8 

21. 8 

9 .4 
9. 2 

6 . 9 
10. 1 

10. 1 
11. 7 

10. 9 
9. 9 

10 .4 
10. 5 
7. 8 

8. 8 

9 . 4 
10. 8 

15. 6 
19. 5 
19. 0 

25. 5 

adj. 

SAR 

47 .3 

69 .9 

68. 1 

48 .7 
35. 1 

37 .0 

42. 5 

24. 1 
23 .7 

17 .2 
24 .4 

27. 5 
2 9 . 6 

27. 5 
24. 9 

2 5 . 4 
25. 8 
20. 8 

23. 8 

25. 5 
27. 7 

37. 7 
48. 1 
47. 3 

69 .9 

RCS 

0. 0 

0 .0 

0 .0 

0 .0 
0 .0 

0 . 0 

0 .0 

0. 0 
0. 0 

0. 0 
0. 0 

0 .0 
0 .0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

0. 0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

0 .0 

: D = 

: c -
p 

D 

: Q -

Ca 

3. 7 

3. 8 

16 .4 
6. 5 

6. 5 

6 .8 
4. S 

4 . 5 

3. 2 

4. 7 
7. 1 

3 . 8 
3 . 0 

5. 1 
5. 1 

4. 7 
3. 7 

4. 6 
3 . 4 
4. 7 

4 .7 

4. 5 
6. 8 

4. 2 
5. 2 
3. 7 

3. 8 

Mg 

12.8 

11. 3 

27. 1 
20. 8 

11.4 

13. 2 
5. 5 

10 .2 

3 . 4 

8. 8 
6 .4 

8 . 8 
11. 7 

9 .3 
4 . 4 

5. 3 
6 .9 

3. 9 
6. 1 
8 .3 

8 .3 

9. 5 
8. 7 

7 .3 
10. 1 
12. i 

H . 3 

- Hrr 

+ 

.... ( D 

Na 

54 .6 

70. 0 

108.0 
28 .0 

44 .0 

60 .0 
29 .4 

4 0 . 0 

39 .6 

24 .4 
24 .0 

17.2 
27. 5 

27 .0 
25. 5 

24. 3 
22 .2 

21 .4 
22 .9 
20. 0 

22. 5 

25. 0 
30. 0 

37. 5 
54. 0 
54 .6 

70. 0 

D 

.... .. ) 

K 

0.7 

0 .9 

0 .9 
0.7 

0. 6 

1.0 
0 .8 

0 .8 

0 .6 

0 .4 
0. 2 

I. 8 
1. 1 

0 .6 
0 .6 

0.2 
0 .6 

0 .4 
0. 5 
0 .4 

0 .2 

1. 1 
0 .2 

1. 1 
0. 8 
0. 7 

0 .9 

C°3 

0.0 

0. 0 

0 .0 
0 .0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 

0 .0 
0 .0 

0 .0 
0 .0 

0 .0 
0 .0 

0 .0 
0. 0 
0. 0 

0 .0 

0. 0 
0 .0 

0 .0 
0 .0 
0 .0 

0 .0 

HC0 3 

4. 7 

10. 0 

8. 2 
7 .3 

5. 0 

5. 0 
9 . 6 

5 .0 

2 .8 

5. 6 
5 .6 

4 . 8 
3. 7 

8 . 0 
6 . 8 

6. 5 
6. 1 

5. 9 
5. 6 
6. 8 

7. 8 

7. 4 
5 .3 

4. 8 
4. 7 
4. 7 

10. 0 

so4 

45. 3 

27 .4 

66. 2 
3 . 2 

6. 7 

14. 6 
0 . 4 

15 .0 

15 .0 

0 .8 
1. 9 

1.4 
6. 2 

6 . 4 
6. 3 

4. 1 
6. 4 

6 .5 
5. 9 
6. 3 

1.6 

6 .3 
19. 2 

15 .9 
40. 7 
45. 3 

27. 4 

Cl 

21. 8 

48. 6 

78 .0 
45. 5 

50. 8 

61. 4 
30. 2 

35. 5 

29 .0 

31. 9 
30. 2 

25 .4 
33 .4 

27. 6 
22. 5 

23. 9 
20. 4 

17. 9 
21 .4 
20. 3 

26. 3 

26 .4 
21. 2 

29. 4 
24. 7 
21 .8 

48. 6 



2. 12. WE 11, Bosseili pump station 

2. 12. 1. WE 11, calculation sheet 

Obse rv a t i on year 

C a t chmen t a r e a 

M e a s u r e m e n t point 

R e m a r k » 

1980 

Edko d r t i n 

wa te r quality data of Jan . - Febr . 
a re frorr. observa t ion yea r 1981 

Wate rdep th 

Pendu lum constant 

F loa t cons tan t 

Ca l ib ra t ion ( D . 

D 
«6 H| 
(m) (mZ) (m / s ) (m / s ) (m 3 /<0 

TDS pH 

(ppm) 

adj . RSC 

SAR 

Mg Na 

3 0 / 12 / 80 
0 1 / 01 / 80 

1 /01/80 
20 /01 /81 
I I I / 01 /80 
0 1 / 02 /80 
0 3 / 0 2 / 8 1 
OS/02/8 1 
H / 02 / 80 

25 /02 /81 
0 1 / 03 / 80 

1/03/80 
12 /03 /80 
24 / 03 /80 
01 / 04 /80 
0 9 / 0 4 / 8 0 
11/04/80 

22 / 04 /80 
01 / 05 /80 

1/05/80 
13 /05 /80 
21 / 05 /80 
0 1 / 0 6 / 8 0 
0 4 / 06 / 80 
14 /06 /80 
111/06/80 
01 / 07 /80 
02 / 07 /80 
16 /07 /80 
IH /07 /80 
01 / 08 /80 
0 2 / 08 / 80 
18 /08 /80 
I I I / 08 /80 
0 1 / 09 /80 
0 2 / 09 / 80 
18 /09 /80 
2 7 / 09 / 80 
01 / 10 /80 

1/10/80 
13 /10 /80 
I I I /10 /S0 
0 1 / 11 / 80 
02 / 11 /80 
16 /11 /80 
I I I /11 /80 
01 /12 /80 
03 / 12 /80 
17 /12 /80 
3 0 / 12 / 80 
01 /01 /81 

I / 0 I / 8 1 
20 /01 /81 

3.37 2280 7 , 6 11 .4 26. 8 0. 0 

2. 01 
3. 09 
1. 93 

2. 5 Î 
2. 53 
4. 17 
4 . 7 8 

4. 69 
8. 23 
7. 75 

8 .01 
9. 78 
9.78 

9 .61 
10. 27 
6. 08 

9.06 
8. 87 

11 .02 

10 .71 
10. 96 

7 .47 

7.28 
11 .45 
11. 38 

11.60 
11. 10 
9. 18 

10. 67 
5 .61 
5. 25 

3.63 
4. 55 
5. 15 

5 .05 
4. 46 
4. 16 

2. 01 
3. 09 

28.21 20560 7 .0 57 .8 166.0 0 .0 11 .0 

22.75 
9. 83. 

2.21 
2. 21 

2 .55 

1.79 

1.96 
I . 87 

1.21 
2. 04 

1.87 
1.41 

1.65 
1.57 

I . 53 
1. 82 
2. 00 

14830 7. 6 37. 2 
7. 5 

1.67 
2. 18 

2. 00 
3. 64 
3.37 

1380 
1460 

1590 

1160 

1170 
1230 

780 
1280 

7. 7 8. 4 
7. 4 7. 7 

7. 4 7. 5 

7. 9 6. 3 

7. 9 5. 1 
6. 7 4. 2 

7.4 2.4 
7. 9 4. 0 

1230 7. 6 5. 5 
950 7 . 6 4 . 7 

1080 
1040 

7.2 
7.3 

1110 7 .2 
1450 7 .8 

5 .3 
4.9 

1010 7 .4 3 . 9 
1210 7 .8 6 .0 
1290 7 . 3 5 .4 

1.82 1150 8.4 5.0 

5 .0 
5 .5 

1350 7.5 6.7 
2340 7.1 11.1 
2280 7.6 11.4 

112.9 0.0 

17.4 
19.3 

17.4 

13.0 

5.7 
9.4 

13. 8 
11. 1 

12.7 

11. 6 

0.0 
0. 1 

0.0 

0. 0 

12.0 0.0 
10. 6 0. 0 

0.0 
0.0 

0. 0 
0. 0 

0. 0 
0. 0 

3. 2 

11. 0 

20. 4 
10 .4 

6. 9 

36 .0 

30. 6 
16 .4 

25 .6 

280. 0 

188.0 
95. 0 

0 .5 

2 .7 

0.9 
3 .0 

0 .0 

0. 0 

0.0 
0.0 

4 . 3 

8 .5 

10 .8 
6 .5 

10.7 

116 .3 

7 3 . 1 
14. 3 

21 .2 

204. 9 

156 .0 
104 .0 

4. 6 

3.0 
3. 5 

3.8 

3.4 

3. 7 
7.4 

3.5 
5. 0 

4. 1 
2.0 

3. 2 
3. 7 

9. 6 0. 0 3. 7 
14. 5 0. 0 5. 7 
13.3 0.0 4.2 

12.0 0.0 4.2 

12.2 0.0 3.7 
13.3 0.0 4.0 

15. 5 0. 0 3.2 
28. 1 0. 0 4. 8 
26. 8 0. 0 3. 2 

6. 0 20. 0 

3. 7 15. 3 
3. 6 14. 6 

5.3 16.0 

3.1 11.4 

4.3 10.2 
2. 0 9. 2 

3. 7 4. 6 
5. 7 9. 2 

3. 5 10. 7 
3. 8 8. 0 

3. 4 9. 7 
2. 8 8. 8 

3. 8 7. 5 
1.1 11.0 
4.3 11.2 

3. 3 9. 3 
5. 5 12. 0 

3.9 12.7 
6. 2 26. 0 
6. 9 25. 6 

0.3 
0.5 

0.5 

0.2 

0.4 
0.2 

0.2 
0.5 

0.4 
0.3 

0.2 
0.4 

0. 0 
0.0 

0.0 

0.0 

0.0 
0. 0 

0.0 
0.0 

0.0 
0. 0 

0.0 
0. 0 

3.0 
7.2 

4.0 

2. 8 

4.4 
5.2 

4.4 
3.6 

6.8 
5.8 

5.4 
5.3 

3.4 23.3 

3. 5 
1. 5 

4. 6 

5.3 

2. I 
3. 5 

1.4 
5.4 

0.4 
1.4 

1. 7 
1.7 

15. 8 
13. 5 

17. 0 

10. 0 

12. 1 
10. 1 

6.2 

11.4 

11. 5 
6.9 

9.4 
8.7 

28.21 20560 7.0 57.8 166.0 0. 0 11. 0 36. 0 280.0 

0.4 0. 0 5. 9 0. 8 8. 7 
0.4 0.0 6.0 1.5 10.7 
0.3 0.0 5.2 3.5 11.3 

0. 2 0.0 4. 

0.4 0.0 6.2 1.6 8.9 
0. 5 0.0 4. 6 8. 7 8. 7 

0.4 0. 0 4. 4 8. 4 7. 4 
0. 5 0.0 6. 2 5.3 26.0 
0. 5 0. 0 4. 3 10. 7 21. 2 

2.7 0.0 8.5 116.3 204.9 



ANNEX 3: DATA SHEETS OPEN DRAINS AFTER CORRECTION FOR RANDOM 
AND SYSTEMATIC ERROR IN DISCHARGE 

3. 1. FB 03, Batts drain at Furgus 

3. 2. FB 04, Roda drain 

3. 3. FB 05, Batts drain at Tamya 

3. 4. EB 07, Bahr Baqar drain at 'Kubri Saud' 

3. 5. EB 08, Bahr Baqar drain at 'Kubri Bahr Baqar' 

3. 6. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadus' 

3. 7. EH 13, Bahr Hadus drain at 'Outfall' 



3. 1. FB 03, calculation sheet after correction for random and systematic error in discharge 

Observation year 

Catchment area 

Measurement point 

Remark* 

Date 

23/12/79 
01/01/80 
09/01/80 
23/01/80 
01/02/80 
06/02/80 
24/02/80 
01/03/80 
14/03/80 
01/04/80 
04/04/80 
18/04/80 
30/04/80 
01/05/80 
18/05/80 
01/06/80 
02/06/80 
28/06/80 
01/07/80 
11/07/80 
25/07/80 
01/08/80 
01/09/80 
17/09/80 
01/10/80 
11/10/80 
01/11/80 
04/11/80 
09/11/60 
01/12/80 
17/r2/80 
01/01/81 
17/01/81 

P 
D 

(4H) 
( m ) 

1.40 

1. 58 
0. 51 

0. 46 
1. 69 

1. 16 

1.08 
1.08 
I. 11 

1. 03 

0. 85 
0. 94 

0. 86 
I . 02 

1.38 

1.22 

0.91 
1. 12 

1. 21 

1. 16 

: 1980 

f Bat a drain 

: FB 03 

A 

(m2) 

11.06 

12. 86 
3.08 

2. 7« 
13. 96 

8. 66 

7. 86 
7.86 
8. 16 

7. 36 

5. 56 
6. 46 

5. 66 
7. 26 

10. 86 

9.26 

6. 16 
8. 26 

9. 16 

8.66 

V 

( m / . ) 

0. 273 

0.316 
0. 198 

0. 233 
0. 346 

0. 367 

0. 470 
0. 409 
0.452 

0.451 

0. 380 
0. 428 

0. 383 
0. 345 

0. 313 

0.291 

0.338 
0. 308 

0.353 

0.375 

» P 

(-/») 

. 

. 

. 
_ 
_ 
• 

0. 622 
0. 698 

0. 762 

. 
0. 597 

0. 579 
0. 540 

0. 568 

0. 478 

0. 528 
0. 475 

0. 598 

0.624 

Q 

(mV.) 
2. 65 

3. 80 
0. 54 

0. 57 
4. 25 

2. 79 

3. 25 
2. 71 
3. 16 

3. 11 

1. 86 
2. 14 

1. 82 
2. 17 

3.42 

2. 45 

1. 80 
2. 17 

3. 03 

2. 99 

E C 

1. 13 

1.45 
3. 85-

4. 17 
0. 94 

1.43 

1. 28 
1. 45 
1. 22 

1. 51 

1. 24 
1. 33 

1. 78 
0. 98-

1. 31 

1.66 

1. 68 
1. 58 

2. 00 

2. 37 

T D S 

(ppm) 

800 

940 

3140 
640 

950 

870 
990 
810 

1000 

840 
900 

1260 

910 

1130 

1180 
1070 

1380 

1490 

p H 

8. 0 

8. 3 
7. 4 

7. 4 
7 . 6 

7. 8 

7. 5 
7. 4 
7. 6 

a. 0 

7. 8 
7. 3 

7. 7 
7. 5 

7. 6 

7 . 9 

7 . 9 
7. 8 

7 . 3 

7 . 3 

Waterdepth 

Pendu um conatant 

Float conatant 

Calibt 

SAR 

3. 3 

2. 7 

8. 8 
3 . 7 

3 . 3 

4. 5 
4 . 9 
4. 4 

5 .3 

4. 3 
3 . 8 

7 . 9 

4 . 9 

5 . 0 

5 . 3 
4 . 8 

5 . 9 

5 .4 

ation 

adj. 

SAR 

7 . 8 

6. 4 

25.3 
7 . 5 

8. 1 

9, 6 
10. 9 
9. 6 

11.7 

9. 8 
8. 7 

17. 1 

11.3 

12.5 

13.4 
H . 7 

13.0 

13.3 

RSC 

0 0 

0. 0 

0. 0 
0 . 0 

0 . 0 

0. 0 
0. 0 
0. 0 

0 . 0 

0. 0 
0. 0 

0. 0 

0. 8 

0. 0 

0 . 0 
0. 0 

0 . 0 

0. 0 

! D - 3 

: c • 
p 

! C D ' 

: Q • 

C a 

3. 1 

3. 6 
6. 6 

». S 
2. 6 

4. 5 

4 . 0 
3. 0 
2. 6 

3. 0 

3. 8 
4. 5 

3. 6 
3. 2 

3 . 2 

3. 7 

3 . 7 
3 . 9 

4. 2 

4 . 6 

. 88 - Um 

0.630 

0. 879 

M g 

2 . 7 

5. 3 
10. 1 

11. 7 
1. 

3. 1 

1. 2 
3. 2 
2 . 4 

2. 7 

1. 4 
1. 8 

1 . 8 
2 . 4 

1 . « 

3 . 3 

3 . 3 
2 . 8 

3 . 8 

6 . 3 

+ 

.. ( D __ 

Na 

5 . 6 

5. 6 
35.0 

28. 0 
5 . 2 

6 . 5 

7 . 3 
8 6 
7 . 0 

9 . 0 

7. 0 
6. 7 

13. 0 
7 . 8 

T. 7 

9 . 3 

10.0 
8 . 7 

11.7 

12. 5 

0 

) 

K 

0 . 3 

0. 1 
0. 7 ' 

0. 7 
0 . 4 

0. 1 

0. 3 
0. 2 
0. 2 

0. 3 

0. 2 
0. 3 

0. 2 
0. 2 

0. 4 

0 . 2 

0. 2 
0. 2 

0 . 4 

0 . 2 

C°3 

0 . 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0 . 0 

0 . 0 
0. 0 
0. 0 

0. 0 

0. 0 
0. 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 

0. 0 

HCOj 

i. 5 

4. 2 
5. 3 

8. 8 
3. 5 

S. 2 

3 . 5 
4 . 0 
4 . 0 

4 . 0 

4. 8 
4. 4 

4. 1 
2. 1 

S. 8 

7 . 0 

7 . 0 
6 . 4 

3 . 4 

4. 8 

so4 

0. 6 

3. 4 
17.0 

16. 1 
0. 8 

2. 8 

3 . 9 
4 . 0 
2. 2 

4 . 4 

1. 0 
3. 3 

7. 6 
5. 8 

1.2 

2. 1 

2. 8 
3. 0 

13. 5 

5 . 0 

C l 

S. 6 

7 . 0 
30. 1 

24.0 
5 .3 

6 . 2 

5 . 4 
7 . 0 
6 . 0 

6 . 6 

6 . 6 
5 . 6 

6. 9 
5. 7 

6. 1 

7 . 4 

7 . 4 
6. 2 

3 . 2 

13. 8 

3. 2. EB 07, calculation sheet after correction for random and systematic error in discharge 

Observation year 

Catchment area 

Measurement pc 

Remarka 

Date P 

17/12/80» 
01 /01/80 
09 /01/80 
23 /01/80 
01 /02/80 
06/02/80 
24/02/80" 
01/03/80 
14/03/80 
01 /04/80 
04/04/80 
18/04/80 
30 /04/80 
01 /05/80 
18/05/80 
01/06/80 
02/06/80 
28 /06/80 
01 /07 /80 
11/07/80 
25 /07/80 
01 /08/80 
01 /09/80 
17/09/80 
01 /10/80 
11/10/80 
01 /11/80 
04 /11 /80 
09 /11/80 
01 /12/80 
17/12/80 
01/01/81 
17/01/81 

int 

D 
(ÛH) 
(m) 

0. 93 

0. 55 
0 .01 

-0 . 02 
0. 67 

0 .44 

0 .44 
0. 50 
0. 51 

0 .45 

0. 15 
0. 20 

0. 22 
0. 35 

0 .95 

0. 90 

0. 76 
0. 7S 

0 .93 

0 .88 

: 1980 

? Batte drain 

FB 04 

A 

(m 2 ) 

6. 01 

3 .35 
0 .45 

0. 33 
4. 19 

2 . 65 

2 . 65 
3. 01 
3. 07 

2 .71 

I. 15 
1.40 

1. 50 
2. 15 

6. 15 

5. 80 

4. 82 
4 ,75 

6. 01 

5 .66 

v vp 

( m / . ) <m/ . ) 

0 .668 

0. 865 
0 .264 

0.454 
1. 143 

1. 159 

1.014 
0.901 
0.901 

0.911 

0. 807 
0 .675 

1. 112 
0.777 

0. 587 

0 .686 

0. 691 
0 .742 

0 .668 

0.661 

O 

(m 3 / - ! 
4.01 

2. 90 
0. 12 

0. 15 
4. 79 

3 . 07 

2. 69 
2. 71 
2. 77 

2 .47 

0 .93 
0. 95 

1.67 
1.67 

3 .61 

3 . 98 

3. 33 
3. 52 

4. 01 

3. 74 

EC 

2. 18 

2 .47 
8. 42 

8. 25 
1. 87 

2. 13 

1. 87 
1.42 
1 .44 

1.48 

2 .38 
2 .72 

2. 81 
2. 73+ 

2. 28 

2. 18 

2. 22 
2 .27 

2. 18 

2. 73 -

TDS 

(ppm) 

1530 

1590 
5980 

6160 
1250 

14.00 

1240 
930 
970 

970 

1570 
1770 

1820 

1520 

1490 

1520 
1530 

1530 

pH 

7 . 2 

8 . 4 
7 . 4 

7. 6 
7 . 6 

7 . 9 

7. 5 
7 . 4 
7 . 6 

7 . 9 

7. 9 
7 . 4 

7. 4 
7. 4 

7 .7 

8 . 0 

8 . 0 
7 . 9 

7. 2 

7. 2 

Waterd Bpth 

Pendulum constant 

Float constant 

Calibration 

SAR 

8 .3 

5 . 4 
16 .8 

18.2 
4 .9 

3 . 7 

4 . 9 
4 . 9 
6 . 5 

5 .2 

7 . 0 
1.2 

10. 5 

1.2 

6 .2 

6 . 4 
6. 3 

8 .3 

adj. 

SAR 

18.2 

13. 5 
49 .3 

4 9 . 6 
11.7 

10. 1 

11 .6 
10. 8 
13.7 

12. 0 

17 .2 
19 .8 

2 3 . 9 

19 .0 

15.8 

16 .4 
15.9 

18 .2 

RSC 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 
0. 0 
0. 0 

0. 0 

0. 0 
0 . 0 

0. 0 

0. 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 

: D • 

: c * 
p 

! C D ' 

: Q • 

Ca 

3. 2 

5 . 4 
6 . 8 

14. 8 
5 .2 

5. 0 

5 .0 
3. 0 
2. 6 

3 . 0 

5. 4 
4 .7 

4. 2 
4. 7 

4. 2 

5 . 8 

5. 1 
5. 5 

3. 2 

S.» 

4 . 04 -

Mg 

3 . 4 

6. 1 
23. 1 

13 .4 
3. 3 

4 . 9 

3. 2 
2. 7 
1 .9 

2 . 7 

3 . 4 
4. 5 

3. 0 
4. 3 

2. 8 

3 . 0 

3 . 0 
3. 5 

3 . 4 

3 . 6 

Hm 

+• 

- ( D _ _ 

Na 

15.0 

13 .0 
6 5 . 0 

68. 5 
10 .2 

9. 1 

10 .0 
8. 3 
9 . 8 

8 . 8 

14 .6 
17. 6 

20 .0 
16 .2 

15 .4 

13 .0 

13. S 
13. 3 

15. 0 

22 .0 

D 

) 

K 

0 .4 

0. 2 
0. 7 

0. 6 
0. 4 

0. 2 

0 . 4 
0 .2 
0. 2 

0. 2 

0 .3 
0 . 4 

0 .4 
0. 2 

0 .4 

0. 2 

0. 2 
0 .4 

0 .4 

0 . 4 

CO. 
3 

0. 0 

0 .0 
0 .0 

0 .0 
0 .0 

0 . 0 

0 .0 
0 .0 
0 .0 

0 .0 

0 .0 
0 . 0 

0 .0 
0. 0 

0. 0 

0 .0 

0 . 0 
0 . 0 

0 .0 

0. 0 

HCO. 
3 

4. 0 

4 .7 
9 . 3 

5. 8 
4 . 4 

7. 2 

4. 2 
4 . 0 
4 . 0 

5. 2 

5 .6 
5 .0 

4. S 
4 . 4 

4. t 

6 .7 

6. 7 
6 . 4 

4 . 0 

4. 1 

SO 
4 

U.3 

8.7 
33 .2 

40. 1 
5 .6 

4 . 9 

7 . 2 
2. 7 
3 . 3 

1 .0 

7. 5 
9 . 0 

10. 2 
S. S 

8 .3 

6. 2 

6 .7 
7. 2 

14 .3 

». S 

Cl 

3 .7 

11. 3 
53. 1 

51 .4 
9. 1 

9. 1 

7 .2 
7. 5 
7. 2 

a. s 
10.6 
1 3 . 2 

12. 9 
12. 5 

». 7 

9. 1 

9. 1 
9. 1 

3. 7 

18. 6 



3. 3. FB 05, calculation sheet after correction for random and systematic error in discharge 

Observation year 

Catchment area 

Measurement pc 

Remark! 

Dat« P 

23/12/79 
01/01/80 
09 /01/80 
23/01/80 
01/02/80 
06 /02/80 
24/02/80 
01/03/80 
14/03/80 
01/04/80 
04 /04/80 
18/04/80 
30/04/80 
01 /05/80 
18/05/80 
01 /06/80 
02 /06/80 
28/06/80 
01/07/80 
11/07/80 
25/07/80 
01 /08/80 
01/09/80 
17/09/80 
01/10/80 
11/10/80 
01/11/80 
04/11/80 
09 /11/80 
01 /12/80 
17/12/80 
01/01/81 
17/01/81 

int 

D 
( H) 
( m ) 

1.24 

1. 17 
0 .33 

0. 22 
1. 31 

0 .93 

1. 00 
1. 02 
1.06 

0. 83 

0. 59 
0 .70 

0 .70 
0 .92 

1. 32 

1.24 

1.09 
1. 11 

1.30 

1. 32 

: 1980 

1 Battt drain 

: FB 05 

A 

<mZ) 

7. 61 

7. 13 
1. 52 

0. 97 
8. 09 

5.47 

5. 95 
6. 09 
6. 37 

4 .78 

3. 12 
3. 88 

3. 88 
5 .40 

8. 16 

7. 61 

6. 57 
6. 71 

8. 02 

8. 16 

V 

( m / . ) 

1.207 

1.262 
0. 618 

0. 863 
1. 332 

1.215 

1.720 
1.308 
1.359 

1. 344 

1. 286 
1.080 

1.130 
1.055 

1.098 

1. 122 

0.953 
0. 993 

1.029 

1.029 

vp Q 

(m/.) <m3 /0 

8. 95 

9. 06 
1. 32 

1. 22 
10. 14 

7. 45 

11. 13 
8. 59 
9. 17 

7. 50 

5. 14 
5. 15 

5. 39 
6.41 

8. 39 

8. 32 

6. 54 
6 .90 

7. 80 

7. 86 

E C 

1.31 

1. 87 
5. 70 

11. 82 
0. 95 

1.96 

1.02 
1. 45 
1.29 

1. 34 

1. 59 
2 .04 

2 .29 
2.09+ 

1.91 

1.91 

1. 94 
2. 00 

2 . 00 

2 .46 

T D S 

(ppm) 

8 9 0 

1240 
3460 

8250 
6 6 0 

1300 

7 3 0 
9 6 0 
8 6 0 

8 6 0 

1040 
1360 

1530 

1280 

1350 

1400 
1380 

1400 

1560 

pH 

8 . 0 

8. 6 
7. 8 

7. 7 
7. 1 

7 . 4 

7. 6 
7 . 4 
7. 3 

7 . 9 

8. 0 
7 . 4 

7. 6 
7. 8 

7. 8 

7. 7 

7. 7 
8. 4 

7 . 4 

7. 2 

Water 

Pendu 

Float 

depth 

.urn constant 

constant 

Calibration 

SAR 

3. 1 

5 . 4 
11.0 

29.7 
3 . 8 

4 . 4 

3. 9 
5. 1 
4 . 4 

3. 5 

3. 2 
6 . 2 

11.3 

7. 4 

5. 5 

5. 8 
6 . 3 

6 . 8 

7. 9 

adj. 

S A R 

7. 5 

12. 9 
27. 9 

82. 5 
7 . 0 

11 .7 

8. 4 
11. 2 

9. 7 

8 . 0 

7. S 
14 .9 

23. 2 

16. 8 

14 .0 

14 .8 
15. 8 

15. 5 

18 .8 

R C S 

0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 

0. 1 
0. 0 
0. 0 

0. 0 

0. 0 
0 . 0 

0 . 0 

0. 0 

0. 0 

0. 0 
0. 0 

0 . 0 

0. 0 

: D = 

: c » f 
: C D * 

: Q • 

C a 

4 . 0 

4. 2 
6. 6 

12. 7 
3 . 7 

4. 0 

3. 5 
3. 5 
2. 9 

3 . 5 

4 . 9 
4. 2 

3. 1 
2. 6 

3. 7 

3. 7 

3 . 7 
4. 5 

3. 7 

3. 6 

4 .72 -

1. 559 

M , 

3 . 2 

3 . 6 
13. 7 

10 .0 
0 . 4 

5. 5 

0. 8 
2. 2 
2 . 6 

3. 2 

3 . 9 
3 . 6 

1. 8 
2 . 4 

2. 3 

4. 8 

4. S 
3 . 0 

3 . 3 

4. 6 

H m 

- 0. 47i 

-. ( D . _ 

N a 

5 . 8 

10. 6 
35. 0 

100. 0 
5. 5 

9 . 6 

5. 7 
8. 6 
7 . 3 

6 . 4 

6 . 8 
12. 3 

17. 7 
11 .0 

12.8 

11.3 

12 .0 
12. 2 

12.7 

16 .0 

D 

) 

K 

0. 2 

0. 3 
0. 6 

0. 3 
0 . 3 

0 . 3 

0 . 3 
0. 2 
0. 2 

0. 2 

0. 2 
0 . 4 

0. 3 
0. 1 

0. 2 

0 . 2 

0. 2 
0. 4 

0. 4 

0. 4 

C°3 

0. 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0. 0 

0. 0 
0. 0 
0. 0 

0. 0 

0 . 0 
0 . 0 

0. 0 
0. 0 

0. 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 

0. 0 

H C 0 3 

5. 5 

5. 1 
4. 2 

8. 6 
2 . 3 

8. 0 

4. 4 
4. 0 
4 . 0 

4 . 0 

4. 4 

5. 0 

3. 8 
4. 8 

4. 8 

6 . 7 

6 . 7 
7 . 0 

4 . 4 

5 . 0 

so4 

1. 6 

5. 1 
19. 7 

7 8 . 4 
2. 3 

2 . 3 

2. 1 
3 . 0 
2 . 4 

1 . 6 

4. 4 

6. 1 

9. 4 
2. 5 

6. 0 

5 . 6 

6. 3 
4 . 9 

12. 0 

4. 2 

CI 

6. 1 

8. 5 
32. 0 

36. 0 
5 . 3 

9. 1 

3 . 8 
7. 5 
6. 6 

7. 7 

7. 0 
9. 4 

9. 7 
8. 8 

8. 2 

7 . 7 

7. 7 
8 . 2 

3 . 7 

15 .4 

3. 4. EB 07, calculation sheet after correction for random and systematic error in discharge 

O b s e r va t i on 

C a t c h m e n t a 

M e a s u r e m e 

R e m a r k s 

Da t e 

2 0 / 1 2 / 7 9 
0 1 / 0 1 / 8 0 
0 6 / 0 1 / 8 0 
2 7 / 0 1 / 8 0 
0 1 / 0 2 / 8 0 
1 0 / 0 2 / 8 0 
2 5 / 0 2 / 8 0 
0 1 / 0 3 / 8 0 
0 9 / 0 3 / 8 0 
2 3 / 0 3 / 8 0 
0 1 / 0 4 / 8 0 
1 3 / 0 4 / 8 0 
2 0 / 0 4 / 8 0 
0 1 / 0 5 / 8 0 
0 4 / 0 5 / 8 0 
2 6 / 0 5 / 8 0 
0 1 / 0 6 / 8 0 
0 3 / 0 6 / 8 0 
1 5 / 0 6 / 8 0 
2 9 / 0 6 / 8 0 
0 1 / 0 7 / 8 0 
1 6 / 0 7 / 8 0 
3 1 / 0 7 / 8 0 
0 1 / 0 8 / 8 0 
1 8 / 0 8 / 8 0 
0 1 / 0 9 / 8 0 
2 2 / 0 9 / 8 0 
0 1 / 1 0 / 8 0 
0 4 / 1 0 / 8 0 
2 7 / 1 0 / 8 0 
0 1 / 1 1 / 8 0 
1 1 / 1 1 / 8 0 
2 4 / 1 1 / 8 0 
0 1 / 1 2 / 8 0 
0 7 / 1 2 / 8 0 
2 5 / 1 2 / 8 0 
0 1 / 0 1 / 8 1 
0 7 / 0 1 / 8 1 

y e a r 

r e a 

Fit p o i n t 

D 
P ( H) 

( m ) 

3 . 2 7 

3 . 0 4 
2 . 9 2 

2 . 7 4 
3 . 0 5 

2 . 9 6 
2 . 91 

2 . 8 4 
2 . 8 1 

2 . 81 
2 . 8 8 

2 . 9 0 
2 . 8 6 
2 . 8 8 

2 . 9 5 
3 . 0 8 

-
3 . 2 2 

3 . 18 
3 . 0 9 

3 . 0 4 
3 . 10 

3 . 0 7 
3 . 3 2 

3 . 0 3 

: 1 9 8 0 

• B a h r b a q a r d r a i n 

: E B 07 

A 

( m 2 ) 

1 0 4 . 9 7 

9 3 . 5 2 
8 7 . 5 4 

7 9 . 0 4 
9 4 . 01 

8 9 . 5 3 
8 7 . 0 4 

8 3 . 6 6 
8 2 . 2 2 

8 2 . 2 2 
85 . 57 

8 6 . 54 
8 4 . 61 
8 5 . 5 7 

89 . 0 3 
9 5 . 5 1 

. 
102 . 4 8 

1 0 0 . 4 9 
9 6 . 01 

9 3 . 5 2 
9 6 . 5 0 

9 5 . 0 1 
107 . 4 6 

9 3 . 0 3 

V 

( m / s ) 

0 . 4 2 4 

0 . 3 87 
0 . 4 5 3 

0 . 3 8 2 
0 . 4 4 8 

0 . 4 6 0 
0. 3 1 3 

0. 4 47 
0. 5 3 2 

0 . 3 9 7 
0 . 3 1 3 

0 . 3 8 8 
0. 4 6 5 
0 . 4 6 4 

0 . 4 0 2 
0 . 4 0 3 

. 
0 . 3 5 7 

0 . 3 9 6 
0. 3 0 2 

0 . 4 7 1 
0 . 3 2 5 

0 . 3 1 8 
0 . 3 7 3 

-

» P 

( m / . ) 

0. 6 07 

0. 5 62 
0. 5 5 4 

0. 5 22 
0 . 8 2 7 

0. 5 43 
0. 5 39 

0. 537 
0 . 7 2 5 
0 . 6 8 4 

0 . 6 6 1 
0 . 7 1 5 

. 
0. 551 

0. 5 99 
0 . 5 3 6 

0 . 7 2 6 
0. 5 22 

0 . 4 1 1 
0. 4 4 9 

0 . 4 8 6 

O 

( m 3 / . ) 

4 2 . 2 6 

2 8 . 8 2 
2 8 . 4 0 

18 . 0 0 
3 3 . 8 1 

3 0 . 5 9 
19 . 3 2 

2 4 . 7 9 
2 8 . 12 

2 0 . 9 8 
1 8 . 4 7 

2 3 . 6 0 
2 6 . 6 0 
2 7 . 3 8 

2 6 . 3 5 
3 1 . 6 7 

. 
3 3 . 5 2 

3 5 . 4 0 
2 4 . 0 5 

3 5 . 07 
2 6 . 2 3 

2 4 . 6 6 
3 9 . 4 0 

2 4 . 0 2 

E C 

1. 0 2 

1. 18 
1 . 4 6 

1 . 4 5 
1. 7 9 

1. 17 
1 . 4 5 

1. 16 
1. 12 

1. 2 2 
1. 0 0 

1. 0 7 
1 . 0 4 
1. 1 3 

1. 2 0 
1. 0 4 

1 . 0 2 

1. 0 6 

1. 13 
1. 15 

1. 1 6 
I . 6 6 

1 . 4 7 
1. 4 0 

1. 4 6 

T D S 

( ppm) 

7 3 0 

8 2 0 
1 0 1 0 

9 7 0 
1 1 8 0 

7 BO 
1 0 8 0 

7 7 0 
8 0 0 

8 2 0 
7 0 0 

7 6 0 
7 1 0 
7 1 0 

8 2 0 
7 2 0 

7 2 0 

7 5 0 

8 3 0 
7 6 0 

8 6 0 
1 1 9 0 

1 0 4 0 
9 7 0 

1 0 3 0 

pH 

7. 1 

7 . 2 
7. 6 

7 . 6 
7 . 2 

7 . 7 

. 
7. 5 
7 . 3 

7. 2 
7 . 4 

7 . 0 
7. 4 
7 . 4 

7 . 3 
8. 1 

8 . 6 

7 . 4 

7 . 3 
7. 3 

7 . 8 
7 . 4 

7 . 3 
7. 9 

7 . 0 

W a t e r 

P e n d u 

F l o a t 

depth 

urn c o n s 

c o n s t a n t 

C a l i b r a t i o n 

SAR 

3 . 2 

3 . 1 
3 . 0 

2 . 9 
7 . 1 

0 . 5 
3 . 7 

2 . 8 
3 . 3 

3 . 9 
1 . 7 

2 . 5 
2. 3 
2 . 3 

5 . 7 
2 . 7 

2 . 3 

3 . 0 

2 . 4 
1 . 6 

2 . 4 
3 . 5 

2 . 1 
4 . 4 

3 . 2 

a d j . 

SAR 

7. 3 

7 . 3 
7 . 6 

7 . 4 
16 . 1 

1 . 4 
9 . 9 

4 . 7 
7. 9 

8 . 3 
4 . 1 

6 . 2 
5. 5 
5. 5 

1 1 . 7 
6 . 3 

5. 5 

7. 0 

6. 0 
3 . 9 

6. 2 
8. 9 

5 . 6 
10. 5 

8. 1 

t an t 

R C S 

0 . 3 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
3 . 5 

0. 0 
0. 7 

0. 0 
0. 0 

1. 1 
0. 0 
0 . 0 

0. 1 
0. 0 

0 . 0 

0. 0 

0 . 4 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 

0. 0 

: D * 

: c » 
P 

:
 'D' 

: Q " 

C a 

4 . 4 

3 . 6 
4. 6 

4. 7 
3 . 7 

5. 2 
3 . 7 

3. 5 
3. 0 

3. 2 
3. 2 

2. 6 
4. 4 
4. 4 

2 . 2 
3 . 4 

3. 2 

3. 2 

3. 7 
4. 2 

4. 6 
4 . 6 

5 . 2 
3. 2 

2. 5 

5 .02 -

- 1. 23 

Mg 

0 . 6 

2. 4 
3 . 8 

3. 3 
2 . 0 

5. 2 
3 . 6 

3. 1 
2 . 7 

2 . 4 
3 . 4 

3 . 5 
1. 7 
1. 7 

1 . 8 
2 . 3 

2 . 9 

2 . 4 

2. 3 
3. 3 

2. 7 
3. 1 

4 . 8 
3 . 0 

4. 8 

H m 

• 0. 

. ( D . . . . 

N a 

5 . 0 

5 . 4 
6. 1 

5 . 7 
12. 0 

1. 2 
7. 0 

5. 1 
5. 5 

6 . 6 
3 . 0 

4. 3 
4. 0 
4 . 0 

8 . 0 
4. 5 

4 . 0 

5 . 0 

4 . 2 
3. 1 

4. 6 
6 . 9 

4 . 7 
7 . 7 

6. 1 

667 o 

- — ) 

K 

0. 2 

0. 3 
0. 1 

0. 2 
0. 2 

0. 2 
0. 2 

0. 3 
0. 1 

0. 1 
0 . 4 

0. 2 
0. 2 
0. 2 

0. 2 
0. 2 

0 . 2 

0 . 2 

1. 2 
0. 6 

0. 2 
2. 0 

0 . 2 
0. 1 

1 . 2 

co 
3 

0 . 0 

0. 0 
0 . 0 

0. 0 
0. 0 

0. 0 
0 . 0 

0 . 0 
0. 0 

o.o 
0 . 0 

0. 0 
0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0 . 0 
0. 0 

0. 0 

HCOj 

5 . 3 

5. 1 
7. 7 

7 . 4 
4 . 9 

5 . 2 
10. 8 

1. 2 
6 . 4 

3 . 2 
5 . 6 

7. 2 
5 . 2 
5. 2 

4. 1 
5 . 4 

5 . 4 

5 . 4 

6 . 4 
5 . 0 

7. 0 
6 . 4 

7 . 0 
5. 8 

6 . 6 

so„ 

0. 8 

2 . 8 
0. 8 

1. 2 
3 . 4 

2 . 3 
0. 1 

5. 8 
0. 9 

4. 1 
1 . 0 

0. 0 
0. 4 
0 . 4 

1 . 8 
0. 8 

1 . 4 

1 . 3 

1 . 4 
0. 9 

0. 8 
6. 0 

4. 1 
3. 7 

4 . 2 

C l 

4. 1 

3 . 8 
6. 1 

5. 3 
9 . 6 

4 . 3 
3. 6 

5 . 0 
4. 0 

5 . 0 
3. 4 

3. 5 
4. 7 
4. 7 

6. 3 
4. 2 

3. 6 

4. 1 

3. 6 
5. 3 

4. 3 
4. 2 

3. 8 
4. 5 

3. 8 



3. 5. EB 08, calculation sheet after correction for random and systematic e r r o r in discharge 

Observation year 

Catchment area 

Measurement point 

Remarks 

Date 

20/12/79 
01/01/80 
06/01/80 
27/01/80 
01/02/80 
10/02/80 
25/02/80 
01/03/80 
09/03/80 
23/03/80 
01/04/80 
13/04/80 
20/04/80 
01/05/80 
04/05/80 
26/05/80 
01/06/80 
03/06/80 
15/06/80 
29/06/80 
01/07/80 
16/07/80 
31/07/80 
01/08/80 
18/08/80 
01/09/80 
22/09/80 
01/10/80 
04/10/80 
27/10/80 
01/11/80 
11/11/80 
24/11/80 
01/12/80 
07/12/80 
25/12/80 
01/01/81 
10/01/81 

D 
P ( H) 

( m ) 

3. 16 

2. 96 
2. 85 

2. 73 
2. 94 

2. 87 
2. 93 

2. 82 
2 .69 

2 .45 
2. 81 

2. 83 
2. 77 
2 .72 

2. 74 
2. 83 

2. 88 

3. 09 

3. 05 
2. 71 

3 .92 
2. 97 

2. 92 
3 . 05 

3. 03 

: 1980 

i Bahr Baqar 

: EB 08 

A 

(m 2 ) 

no. *a 

101. 12 
95 .97 

90 .46 
100. 19 

96. 91 
99 .72 

94. 57 
88. 49 

77. 37 
94. 10 

95. 04 
92. 23 
89. 89 

90. 83 
95. 04 

97 .38 

107. 21 

105. 33 
89 .42 

146.05 
101. 59 

99. 25 
105.33 

104. 40 

V 

(m/s) 

0. 387 

0. 369 
0 ,363 

0.349 

. 
0. 356 
0. 190 

0.357 
0.503 

0.281 
0.215 

0. 228 
0.366 
0.312 

0.394 
0.445 

0.405 

0 .318 

0 .348 
0. 224 

0. 407 
0. 305 

0. 291 
0.392 

0. 340 

drain 

» P 

( m / . ) 

0. 448 
0. 443 

0. 410 
0. 505 

0. 4n6 
0. 428 

0. 423 
0. 505 
0 .483 

0. 530 
0. 581 

0 .492 

0. 543 

0. 617 
0. 355 

0. 436 
0 .439 

0. 370 
0 .442 

0 .432 

Q 

( m 3 / - ) 

41. 11 

33. 71 
27. 03 

22 .23 

. 
24.46 
26. 02 

21 .02 
21 .74 

13. 84 
21. 66 

21. 96 
24. 25 
21. 68 

24 .45 
30. 17 

27. 20 

38. 28 

41. 62 
15. 71 

64. 48 
27 .04 

21 .48 
29. 82 

28. 50 

E C 

1.04 

1. 16 
2.21+ 

1.70 
1.02 

1. 14 
1. 66 

1. 22 
1. 16 

1. 21 
1.04 

1. 10 
1. 11 
1. 11 

1. 13 
1.09 

1.13 

1. 11 

1. 15 
1. 15 

1. 18 
1.67 

1.61 
1. 55 

1.44 

T D S 

(ppm) 

7 3 0 

7 9 0 

1200 
7 1 0 

7 80 
1230 

7 8 0 
8 0 0 

7 9 0 
7 2 0 

7 6 0 
7 7 0 
7 7 0 

8 5 0 
7 6 0 

8 2 0 

7 8 0 

8 1 0 
8 1 0 

8 3 0 
1210 

1150 
1100 

1010 

pH 

7 . 2 

7. 1 
7. 6 

7 . 6 
7 . 0 

7. 2 

. 
7. 2 
1 . 3 

7. 2 
7 . 4 

7. 3 
7. 3 
7 . 3 

7. 5 
7. 8 

7. 1 

7. 6 

7. 3 
7 . 4 

7. 3 
7. 5 

7. 1 
8 . 0 

7 . 2 

Waterdepth 

Pendulu m cons 

Float constant 

Calibration 

S A R 

2 . 4 

2. 5 

3 . 6 
2 . 0 

1 . 3 
4. 4 

2. a 
2 . 6 

2 . 3 
2. 1 

2 . 3 
3. 1 
3. 1 

5 . 4 
2 . 6 

2. 5 

2. 8 

2 . 0 
2 . 8 

1. 5 
2 . 9 

3 . 4 
4. 8 

4 . 3 

adj. 

S A R 

5. 8 

6. 2 

9 . 6 

*•'. 
3. 3 

11. 9 

4. 8 
6. 5 

5. 2 
5. 1 

5. 7 
7. 3 
7 . 4 

12 .4 
6. 2 

5 . 9 

6 . 8 

5 . 0 
7 . 0 

4. t 
7. 5 

8. 7 
11 .6 

10 .4 

tant 

• 

R C S 

0. 0 

0. 1 

0 . 0 
0 . 0 

0. 0 
3. 1 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0. 0 
0. 0 

2. 5 
0. 0 

0. 1 

0. 0 

0. 0 
0 . 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0 . 0 

: D = 5 

: c * p 

! CD = 

: Q = 

C a 

5. 0 

3 . 9 
8. 7 

5 . 2 
3 . 7 

4. 7 
5. 2 

4. 0 
3. 0 

3 . 7 
3. 5 

3 . 6 
3 . 6 
3 . 6 

3. 2 
3. 9 

3 . 2 

3 . 2 

4 . 2 
3 . 7 

4. 0 
5 . 4 

4. 5 
3 . 4 

1. 8 

27 . Hm 

u. 715 

- 0. 93 

— 

M g 

1 . 0 

2 . 6 
8. 1 

4. 2 
2 . 7 

3. 8 
2. 5 

3. 1 
3. 6 

3. 8 
2 . 7 

3 . 0 
2. 1 
2. 1 

0. 8 
2 . 3 

2. 1 

2 . 8 

3. 3 
2. 8 

4 . 6 
3. 2 

4. 8 
3 . 3 

4. 7 

+ 0 

( D . „ 

N a 

4. 2 

4. 5 
5 . 0 

7 . 9 
3. 5 

2. 7 
8. 6 

5 . 3 
4. 8 

4. S 
3 . 7 

4. 2 
5. 2 
5. 3 

7 . 7 
4. 5 

4. 1 

4 . 9 

3 . 8 
5. 1 

3. 2 
6. 1 

7. 3 
8 . 7 

7 . 7 

598 O 

- - ) 

K 

0. 2 

0. 2 
0. 2 

0. 2 
0 . 2 

0 . 2 
0 . 2 

0. 3 
0. 1 

0. 1 
0 . 4 

0. 2 
0 . 2 
0. 1 

0 . 2 
0. 2 

2 . 0 

0 . 2 

0. 2 
0. 1 

0. 2 
2 . 2 

0. 1 
0. 1 

0. 2 

C O , 
3 

0 . 0 

0. 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 
0. 0 

0 . 0 
0. 0 

0. 0 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

HCO-
3 

5. 5 

6 . 6 
7. 3 

7 . 4 
5 . 2 

5. 2 
10 .8 

1. 2 
6. 0 

3. 2 
5 . 6 

6 . 0 
5 . 4 
5 . 4 

6. 5 
6 . 0 

5. 4 

5. 8 

6 . 8 
6. 1 

7. 0 
6 . 2 

6 . 0 
6 . 0 

6. 2 

S O . 
4 

0 . 3 

0 . 0 
9. 1 

3 . 4 
2 . 0 

2 . 4 
2. 1 

3. 5 
1. 5 

3 . 9 
0 . 6 

0 . 6 
1 . 0 
t. 0 

0 . 3 
0. 5 

1. 1 

1 . 2 

0 . 7 
0. 5 

0 . 7 
6. 1 

6 . 4 
6 . 7 

4 . 7 

Cl 

4 . 6 

4. 6 
5 . 6 

6. 7 
2. 9 

3. 8 
3. 6 

8. 0 
4 . 0 

5 . 0 
4. 1 

4 . 4 
4 . 7 
4 . 7 

5. 1 
4. 4 

4 . 9 

4. 1 

4 . 0 
5. 1 

4 . 3 
4 . 6 

4 . 3 
2 . 8 

3 . 5 

3. 6. EH 11, calculation sheet after correction 'dor random and systematic e r r o r in discharge 

Observation year 

Catchment area 

Measurement point 

Remarks 

1980 

Bahr Hadus drain 

EH II 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

D = 6. 23 - Hm 

0. 949 

0. 437 + 

( D 

D 
( H) 
(m) (m/s ) 

VP 

(m/s ) 

Q 

<m3 /«) 

TDS pH 

(ppm) 

adj. RCS 

SAR 

M g 

20/12/79 
01/01/80 
06/01/80 
27/01/80 
01/02/80 
10/02/80 
25/02/80 
01/03/80 
09/03/80 
23/03/80 
01/04/80 
13/04/80 
20/04/80 
01/05/80 
04/05/80 
26/05/80 
01 /06/80 
03/06/80 
15/06/80 
29/06/80 
01/07/80 
16/07/80 
31/07/80 
01/08/80 
18/08/80 
01/09/80 
22/09/80 
01 /10/80 
04/10/80 
27/10/80 
01/11/80 
11/11/80 
24/11/80 
01/12/80 
07/12/80 
25/12/80 
01/01/81 
07/01/81 

3 .86 

3. 71 
3 .46 

3 .47 
3. 85 

3 .75 
3. 57 

3 .72 
3. 71 

3. 60 
3. 70 

3. 62 
3. 74 
3. 56 

3 .88 
3. 93 

3 .90 

4 .09 

3 .33 
3 .77 

3. 87 
3. 93 

3. 80 
3 .88 

4 .20 

186. 75 

177.27 
161.47 

162. 10 
186. 11 

179.79 
168. 42 

177. 90 
177.27 

170. 31 
176. 63 

171. 58 
179. 16 
167.79 

188. 01 
191. 17 

189.27 

201. 28 

153. 25 
181. 06 

187.38 
191. 17 

182. 95 
188.01 

208. 23 

0. 511 

0.376 
0.298 

0. ZI 8 
0 .635 

0.450 
0.430 

0.514 
0.476 

0.307 
0.423 

0.376 
0. 518 
0.289 

0. 540 
0.523 

0.463 

0.439 

0.539 
0.403 

0.308 
0.345 

0.312 
0. J98 

0.425 

. 

. 
_ 
. 0. 670 

0. 522 
0 .422 

0.476 
0. 470 

0 .426 
0. 542 

0.347 
0,576 
0. 270 

0. 523 
0. 561 

0.437 

0. 525 

0.465 
0 .418 

0.360 

0. 369 
0 .359 

0 .512 

41 .70 

29. 13 
21 .03 

15 .44 
51. 70 

38. 92 
29 .47 

35. 12 
34. 55 

30. 09 
39. 70 

24 69 
42. 80 
18. 79 

40. 78 
44 .48 

34. 30 

43 .82 

29. 55 
31. 39 

27. 98 
28. 28 

28. 00 
27 .99 

44. 21 

1. 57 

2. 52 
3 .83 

4. 51 
0 .99 

1. 87 
2 .31 

2. 21 
2 .30 

2. 50 
1. 60 

2 .22 
2. 38 
2. 09-

2. 55 
2. 55 

2. 55 

2 .46 

2. 18 
2 .09 

2. 28 
2 .73 

2 .73 
2 .18 

2. 18 

9 7 0 

1550 
2390 

2740 
6 7 0 

1180 
1470 

1510 
1430 

1550 
1030 

1500 
1520 

1630 
1620 

1650 

1560 

1440 
1380 

1510 

1780 
1490 

1410 

7 . 4 

7 . 4 
7. 5 

7. 6 
7 . 2 

7 . 7 

. 
7 . 4 
7 . 7 

7 . 4 
7. 6 

7 . 3 
7 . 4 
7 . 4 

7. 2 
7. 8 

7 . 4 

7 . 6 

7 . 4 
7. 8 

7 . 9 
7. 5 

7 . 3 
8. 2 

7. 5 

3 . 9 

5 . 8 
6 . 9 

8 . 0 
1 . 9 

2 . 7 
4 . 7 

6 . 0 
6. 1 

6. 6 
4 . 3 

4 . 6 
7. 1 

8. 5 
7. 1 

6 . 8 

6 . 9 

5. 2 
5. 5 

5 . 0 

4 . 7 
5 . 6 

4 . 3 

8 . 9 

14 .0 
18 .3 

21. 7 
4 . 3 

6 . 4 
12.7 

16.1 
14 .6 

13 .9 
10 .0 

12 .6 
17 .4 

20. 0 
17 .6 

16 .8 

16 .5 

13 .0 
14. 2 

13. 3 

11 .9 
13 .4 

10. 5 

0 . 0 

0 . 0 
0. 0 

0 . 0 
0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 

0 . 0 
0. 0 

0 . 0 

0. 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0. 0 

5. 5 

4. 2 
9 . 5 

8 . 9 
3 . 8 

5. 2 
5 . 2 

5 . 0 
4. 5 

4 . 7 
5 . 0 

3 . 6 
4. 4 
3 . 4 

3. 1 
4. 7 

5 . 0 

4 . 7 

5 . 3 
5. 3 

5 . 4 
6 . 8 

5. 8 
3 . 9 

1 . 8 

2 . 2 

7 . 0 
8 . 6 

10.8 
2. 5 

6 . 8 
6 . 4 

4. 5 
4. 5 

5 . 3 
2 . 6 

8 . 0 
4. 4 
3 . 4 

4 . 9 
4. 8 

4. 5 

4. 8 

4. 8 
3 . 8 

5 . 7 
2 . 3 

9 . 2 
5. 6 

9. 5 

7 . 7 

13.7 
20 .9 

2 5 . 0 
3 . 4 

6 . 5 
U . 2 

13 .0 
13 .0 

14. 8 
8 . 3 

11.0 
14.8 
15.7 

17. 0 
15 .5 

14 .8 

15 .0 

U . 6 
U . 8 

11 .7 
6 . 2 

13. 0 
12 .3 

10. 2 

0 . 2 

0. 2 
0. 2 

0. 2 
0. 2 

0 . 2 
0. 2 

0 . 3 
0 . 2 

0. 2 
0. 1 

0. 2 
0 . 2 
0 . 4 

0. 5 
0 . 2 

1. 1 

0. 1 

0. 2 
0. 1 

0 . 2 
0 . 2 

0. 2 
0. 2 

0 . 3 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 

3 . 6 

4. 2 
5. 1 

6 . 2 
3 . 8 

3 . 6 
8. 0 

9 . 2 
4 . 4 

2 . 3 
4 . 4 

8. 8 
5 . 6 
5. 6 

4. S 
5 . 4 

5 . 3 

4. 5 

5 . 4 
6 . 7 

7 . 6 
4 . 6 

4 . 0 
4. 2 

4 . 3 

0 . 3 

4 . 9 
6 . 8 

7 . 5 
2 . 7 

6 . 6 
0 . 2 

6 . 3 
6 . 3 

8 . 2 
2 . 0 

2 . 8 
3. 2 
2 . 3 

6 . 0 
5 . 8 

S. 8 

5 . 8 

6 . 6 
3 . 0 

3 . 4 

11.7 
13. 1 

10. 2 

11.7 

16 .0 
27 .3 

31 .2 
3 . 4 

8. 5 
14 .8 

13. 5 
U . 5 

14 .5 
9 . 6 

U . 2 
15 .0 
15 .0 

14.7 
14 .0 

14 .3 

14.3 

9 . 9 
11.3 

12 .0 
20 .0 

12 .5 
4 . 7 

7 . 3 



3. 7. EH 13 Calculation sheet after calculation and interpolation of discharges 

Observation year 

Catchment area 

Mealurcme 

Remarks 

Date 

07/12/80 
08/12/79 
25/12/80 
01/01/80 
07/01/80 
28/01/80 
01/02/80 
11/02/80 
23/02/81 
26/02/80 
01/03/80 
10/03/80 
24/03/80 
01/04/80 
10/04/79 
14/04/80 
21/04/80 
01/05/80 
05/05/80 
19/05/79 
27/05/80 
01/06/80 
04/06/80 
16/06/80 
19/06/79 
01/07/80 
14/07/79 
16/07/80 
01/08/80 
06/08/80 
18/08/80 
01/09/80 
22/09/80 
01/10/80 
04/10/80 
27/10/80 
01/11/80 
11/11/80 
15/11/81 
24/11/80 
01/12/80 
07/12/80 
25/12/80 
01/01/81 
07/01/81 

it point 

D 
P (<]H) 

(m) 

2. 19 

2 .29 

2. 32 
2. 31 

2. 32 

: 1980 

f Bahr Hadua 

: EH 

: Dat 
a ne 

A 

(m2) 

13 

drain 

a on discharges of 197' 
1982 are also used 

V 

(m/ s ) 

* • 
vp Q 

(m / s ) ( m 3 / . ) 

0. 139 34. 33 
35 .47 

0. 222 54. 83 

0. 148 36. 56 
12. 20 

7 .56 
22 .65 
40. 75 
42. 16 

48 .26 
51. 56 

55. 57 
55. 34 
54 .94 

54. 14 
53 .34 
51. 21 

49. 08 
45. 89 
45. 09 
46. 91 
48. 89 
49. 33 
52. 84 

0 .218 53.94 
0. 190 46. 93 

0. 187 46. 19 

0. 239 59. 03 
0 .255 62 .99 

0. 186 45. 94 
46. 17 

0. 176 43. 47 

0. 139 34. 33 
0 .222 54.83 

0. 148 36. 56 

, 1981 

EC 

2. 13 

2. 24 
4. 33 

5.78 

2. 21 

2. 04 
2 .64 

2.47 
2. 13 

2 .29 

2. 16 

2 .46 
2. 33 

2 .73 

2 .73 
2 .82 

2. 73 

2. 73 

2 .46 
2. 18 

2 .46 

3 .28 

3. 19 
2. 55 

1. 15 

TDS 

(ppm) 

1400 

1430 
2690 

3520 

1400 

1270 
1710 

1440 
1380 

1490 

1390 

1510 
1460 

1660 

1780 
1800 

1750 

1730 

1620 
1420 

1600 

2150 

2020 
1780 

750 

pH 

7. 6 

8. 2 
1 .6 

7 . 4 

7 .3 

7 .3 

-

7.2 
7. 5 

7 .4 

7 .6 

7 . 6 
7. 1 

7. 1 

7 .3 
7 .7 

7 .4 

7 . 5 

7 .3 
8 .0 

7 .8 

7 . 4 

7 . 4 
8. 1 

7. 1 

V/aterdepth 

Pendulum cons 

Float constant 

Calibrât 

SAR 

5. 7 

6. 8 
11 .1 

11.1 

5. 0 

3. 3 
6. 1 

5. 6 
6. 5 

6. 1 

6 .3 

4. 8 
6 .2 

6. 8 

9 .2 
6 . 9 

6. 6 

6. 5 

10. 0 
5. 3 

5 .8 

7. 5 

7. 6 
9. 1 

3. 8 

ion 

adj. 

SAR 

13 .7 

15. 5 
29. 1 

29 .4 

11.7 

8. 1 
16 .4 

8. 6 
15. 1 

12 .6 

14. 8 

10 .4 
i s : 4 

16 .9 

21. 8 
17 .4 

16. 6 

16. 5 

23 .6 
13.8 

15 .5 

18. 5 

19 .0 
21 .1 

8. 5 

ant 

RCS 

0 .0 

0. 0 
0 . 0 

0. 0 

0 . 0 

0 .0 
0 .0 

0. 0 
0. 0 

0. 0 

0 . 0 

0 . 0 
0 .0 

0. 0 

0. 0 
0 . 0 

0 . 0 

0 .0 

0. 2 
0 .0 

0. 0 

0. 0 

0 . 0 
0 .0 

0 .0 

: D » 

: c a 
p 

! C D ' 

: 0 -

Ca 

4 . 4 

4. 8 
9 . 0 

11 .0 

5 .0 

4 .7 
6 .3 

5 .0 
4. 0 

4. 2 

5 .0 

6 .2 
5. 0 

6 .0 

3 .6 
6 .3 

5 .2 

5.7 

3. 2 
5 .0 

5. 1 

8 .0 

5. 8 
3 .9 

2 . 0 

2. 86 -

Q = 

.. - -

Mg 

4 . 6 

3. 6 
4. 1 

10 .4 

5.5 

7 .3 
5. 3 

5. 9 
4. 1 

5. 3 

3 . 6 

6. 1 
4. 5 

4. 5 

4. 9 
5 .2 

5 .6 

5 .8 

2 .8 
5 .0 

6 .0 

4. 8 

6 .2 
3 . 1 

3. 1 

Hm 

247 vp 

+ 

( D -

Na 

12 .0 

13. 9 
30 .0 

36 .2 

11 .4 

8 .2 
14.6 

13. 0 
13. 0 

13. 2 

13. 0 

12 .0 
13 .6 

15. 6 

19 .0 
16 .5 

15 .3 

15.7 

17 .4 
11 .9 

13.7 

18. 9 

18. 7 
17 .8 

6. 1 

D 

- ) 

K 

0. 2 

0. 2 
0. 1 

0. 2 

0 .2 

0. 2 
0. 2 

0. 2 
0. 1 

0. 2 

0. 0 

0 .3 
0. 2 

0. 2 

0 .2 
0 . 2 

1. 1 

0. 1 

1. 2 
0. 1 

0 .2 

1. 1 

0. 5 
0. 1 

0 .2 

CO, 
3 

0 . 0 

0 .0 
0 . 0 

0. 0 

0. 0 

0 .0 
0 . 0 

0. 0 
0. 0 

0. 0 

0. 0 

0. 0 
0. 0 

0 .0 

0. 0 
0. 0 

0. 0 

0. 0 

0. 0 
0 .0 

0. 0 

0. 0 

0. 0 
0 .0 

0. 0 

HCO, 
3 

4 . 8 

3. 8 
4 .9 

5 .3 

3 .6 

3 .6 
8 .0 

0. 8 
4 . 4 

2 .3 

4 .4 

2. 2 
5. 2 

5. 2 

4. 8 
5 . 4 

5 .4 

5. 2 

6. 2 
6. 6 

7. 6 

4. 5 

4. 8 
5 .4 

4. 5 

SO, 
4 

7. 9 

5. 2 
8.7 

11.7 

7 .0 

5. 8 
2.7 

6 .8 
6.3 

12. 6 

5.2 

7. 4 
1. 7 

4. 6 

7. 7 
6 . 9 

6 .2 

6. 0 

3 .6 
2 .7 

2. 1 

14. 0 

12. 0 
15 .9 

0. 5 

CI 

8. 5 

13. 5 
29 .6 

40. 8 

11. 5 

11 .0 
15.7 

16. 5 
10. 5 

8. 0 

12 .0 

15.0 
16.4 

16. 5 

15.2 
15 .9 

15.6 

16. 1 

14. 8 
12. 7 

15.3 

14.3 

14 .4 
4 .2 

6 .4 





ANNEX 4: SEQUENTIAL LIST OF MEASUREMENT POINTS FOR CROSS-CHECKING 

4. 1. Fayum area 

4. 2. Eastern Delta 

4. 3. Middle Delta 

4. 4. Western Delta 



1. FA YUM AREA 

1. 1. Batts drain catchment area 

FB 01 and FB 02 

FB 02 and FB 03 

FB 03 and FB 04 

FB 03 + FB 04 and FB 05 

FB 05 and FB 06 

1. 2. Wadi drain catchment area 

FW 01 and FW 02 

FW 02 and FW 03 + FW 04 

FW 05 and FW 06 

FW 04 and FW 06 

FW 04 and FW 07 + FW 08 

FW 03 + FW 07 and FW 09 

FW 09 and FW 10 

FB 01 Batts drain at Seyla 

FB 02 Batts drain at S ire isna 

FB 03 Batts drain at Furgus 

FB 04 Roda drain 

FB 05 Batts drain at Tamya 

FB 06 Batts drain at "Outfall" 

FW 01 Tagan drain 

FW 02 Tahwila Wadi drain at Nowara 

FW 05 pump station No. 3 

FW 06 Abu Owad drain 

FW 04 Tahwila Wadi drain at Abu Gandir 

FW 08 Wadi Rayan drain at "Outfall" 

FW 03 Wadi drain at Abu Gandir 

FW 07 Tahwila Wadi drain at "Spillway" 

FW 09 Wadi drain at Ne*z la 

FW 10 Wadi drain at "Outfall" 

2. EASTERN DELTA 

2. 1. Bahr Bagar drain catchment area 

EB 01 and EB 02 

EB 01 + EB 02 and EB 03 + EB 04 

EB 04 and EB 05 

EB 05 and EB 07 

EB 07 and EB 08 

EB 06 and EB 10 

EB 08 and EB 09 

EB 08 and EB 11 

EB 01 B i lbe i s drain 

EB 02 Oalyubeya drain 

EB 03 Wadi pump station 

EB 04 Bahr Bagar drain at "Railroad bridge" 

EB 05 Bahr Bagar drain at Fagus 

EB 07 Bahr Bagar drain at "Kubri Saud" 

EB 06 Saada pump station 

EB 10 Bahr Bagar pump station 

EB 09 Bahr Bagar irr igat ion pump station 

EB 08 Bahr Bagar drain at 'Kubri Bahr Bagar' 

EB 11 Bahr Bagar drain at "Outfall" 

2. 2. Bahr Hadus catchment area 

EH 01 + EH 02 and EH 03 

EH 03 and EH 05 

EH 05 and EH 06 

EH 06 and EH 08 

EH 07 and EH 08 

EH 06 and EH 09 

EH 08 and EH 10 

EH 10 and EH 11 

EH 08 and EH 12 

EH 11 and EH 13 

EH 01 Bahr Saft El Qibly drain 

EH 02 Hanut pump station 

EH 03 Sadaga pump station 

EH 05 Nizam pump station 

EH 07 Additional Qassabi pump station 

EH 06 Bani Ebeid pump station 

EH 09 Geneena pump station 

EH 08 Main Qassabi pump station 

EH 12 Saft pump station 

EH 11 Bahr Hadus drain at "Bahr Hadus Bridge" 

EH 13 Bahr Hadus drain at "Outfall" 

* The underlined measurement points are cons idered fully checked and ready for data presentat ion 



2. 3. Matareya catchment area 

EH 10 and EM 01 

2. 4. Se rua catchment area 

EM 01 and ES 01 + ES 02 

EH 10 Erad pump station 

EM 01 Matareya pump station 

ES 01 Upper Se rua pump station 

ES 02 Lower Se rua pump station 

3. MIDDLE DELTA 

3. 1. Drain No. 1 catchment area 

Ml 01 and Ml 02 

Ml 01 + Ml 02 and Ml 03 

Ml 03 and Ml 04 

3. 2. Gharbia drain catchment area 

MG 01 and MG 03 

MG 02 and MG 04 

MG 04 and MG 05 

MG 05 and MG 07 

MG 06 and MG 07 

MG 06 and MG 08 

MG 07 and MG 09 

MG 09 and MG 10 

MG 06 + MG 08 and MG 11 

MG 10 and MG 12 

MG 11-and MG 13 

3. 3. Tira catchment area 

MG 12 and MT 01 

3. 4. Drain No. 7 catchment area 

MT 01 and M7 01 

3. 5. Drain No. 8 catchment area 

M7 01 and M8 01 

3. 6. Nashart drain catchment area 

MN 01 and MN 02 

MN 02 and MN 04 

MN 01 + MN 02 and MN 03 

3. 7. Drain No. 11 catchment area 

MN 04 and Ml 11 

Ml 01 upper pump station No. 1 

Ml 02 drain No. 1 at 'Bridge drain 1' 

Ml 03 l ower pump station No. 1 

Ml 04 pump station No. 2 

MG 01 Eas t Minufeya pump station 

MG 03 Mahallet Ruh pump station 

MG 02 Segaaya pump station 

MG 04 Sematay pump station 

MG 05 pump station No, 5 

MG 07 pump station No. 6 

MG 09 pump station No. 4 

MG 06 Charbia drain at 'Kubri No. 6' 

MG 08 Hamul pump station 

MG 10 pump station No. 3 

MG 11 Gharbia drain at 'Kubri No. 7' 

MG 13 Gharbia drain at 'Outfall' 

MG 12 Hafir Shehab Eddin pump station 

MT 01 T ira pump station 

M7 01 pump station No. 7 

M8 01 lower pump station No. 8 

MN 01 upper pump station No. 8 

MN 02 Mandura pump station 

MN 03 Nashart drain at 'Bridge' 

MN 04 Zeini pump station 

Ml 11 pump station No. 11 



3. 8. Ti l la and Sabal drain catchment area 

MK 01 and MS 01 MK 01 Ti l la drain outfall 

MS 01 Sabal drain outfall 

4. WESTERN DELTA 

4. 1, Edko drain catchment area 

WE 01 and WE 06 

WE 05 and WE 06-

WE 02 and WE 03 

WE 02 and WE 07 

WE 02 and WE 04 

WE 03 and WE 08 

WE 08 and WE 10 

WE 08 and WE 09 

WE 10 and WE 11 

WE 09 and WE 12 

4. 2. Bars ik catchment area 

WE 08 and WB 01 

4. 3. Tabia catchment area 

WB 01 and WT 01 

4. 4. Umum drain catchment area 

WU 01 and WU 02 

WU 02 and WU 03 

WU 03 and WU 04 

WU 03 and WU 05 

WU 05 and WU 06 

WU 06 and WU 07 

WU 07 and WU 08 

WU 05 ai idWU 09 

WE 01 Etay Barud pump station 

WE 05 Dilingat pump station 

WE 06 Khandak El Gharbi pump station 

WE 07 Khairy pump station 

WE 02 Shubrakhit pump station 

WE 04 Edko i rr igat ion pump station 

WE 03 Zargun pump station 

WE 10 Edko pump station 

WE 11 Bo s s e i l i pump station 

WE 09 Edko drain at 'Kubri Edko' 

WE 12 Edko drain at 'Outfall' 

WE 08 Halq El Gamal pump station 

WB 01 Bars ik pump station 

WT 01 Tabia pump station 

WU 01 Umum drain at 'Kubri Sh ire i shra' 

WU 02 Shire i shra pump station 

WU 03 Truga pump station 

WU 06 Hares pump station 

WU 07 Mariut pump station 

WU 08 Qalaa pump station 

WU 05 Dushudi pump station 

WU 09 Max pump station 



ANNEX 5: DATA SHEETS WITH PRELIMINARY CORRECTIONS 

5. 1. FB 03, Batts drain at Furgus 

5. 2. FB 04, Roda drain 

5. 3. FB 05, Batts drain at Tamya 

5. 4. EB 07, Bahr Baqar drain at 'Kubri Saud' 

5. 5. EB 08, Bahr Baqar drain at 'Kubri Bahr Baqar' 

5. 6. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadua' 

5. 7. EH 13, Bahr Hadus drain at 'Outfall' 

5.8. MG 09, pump station No. 4 

5. 9. MG 10, pump station No. 3 

5.10. WE 10, Edko pump station 

5.11. WE 11, Bosseili pump station 



5. 1. FB 03, calculation sheet with preliminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remarks 

: 1980 

1 Batti drain 

: FB 03 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

: D » 3. 88 - Hm 

: c * 0. 630 
P 

: c D • 0. 879 + 

: Q * -.. .. ( D _ 

_ . ..O 

) 

D A 
(oH) , 
(m) (m 2 ) 

v vp 

( m / . ) ( m / . ) ( m 3 / . ) 

TDS pH 

(ppm) 

adj. RSC 

SAR 

Mg 

23/12/79 
01/01/80 
09/01/80 
23/01/80 
01/02/80 
06/02/80 
24/02/80 
01/03/80 
14/03/80 
01/04/80 
04/04/80 
18/04/80 
30/04/80 
01/05/80 
18/05/80 
01/06/80 
02/06/80 
28/06/80 
01/07/80 
11/07/80 
25/07/80 
01/08/80 
01/09/80 
17/09/80 
01/10/80 
U /10 /80 
01/11/80 
04/11/80 
09/11/80 
01/12/80 
17/t2/80 
01/01/81 
17/01/81 

1. 40 

1. 58 
0. 51 

0.46 
1. 69 

1. 16 

1. 08 
1. 08 
1. 11 

1.03 

0. 85 
0. 94 

0. 86 
1. 02 

1. 38 

1. 22 

0.91 
1. 12 

1.21 

1. 16 

11.06 

12. 86 
• 3.08 

2.78 
13.96 

8.66 

7. 86 
7. 86 
8. 16 

7.36 

5. 56 
6.46 

S. 66 
7. 26 

10. 86 

9.26 

6. 16 
8. 26 

9.16 

8. 66 

0. 273 

0. 336 
0. 198 

0. 233 
0. 346 

0. 367 

0.470 
0. 409 
0.452 

0.451 

0.380 
0.428 

0.383 
0. 345 

0. 313 

0. 291 

0.338 
0. 308 

0.353 

0.375 

. 
-
-
--
-. 1. 353 

0. 622 
0.698 

0.762 

-0. 597 

0. 579 
0. 540 

0. 568 

0.478 

0. 528 
0.475 

0. 598 

0.624 

3.39 

3. 80 
0. 54 

0. 57 
4.25 

2.79 

* 2. 55 
2 . 7 1 , 
2. 58 

* 2.40 

* 1. 56, 
1.71 

1. 82 
2. 17 

3. 42 

* 3. 15 

1.80 
2. 17 

3.03 

2.99 

1. 18 

1 .45, 
4. 83 

4 . 1 7 , 
1. 09 

1.43 

1. 28 
1.45 
1. 22 

1. 51 

1. 24 
1.33 

1 .78, 
1. 35 

1. 31 

1. 66 

1. 68 
1. 58 

2.00 

2. 37 

800 

940 

3140 
640 

950 

870 
990 
810 

1000 

840 
900 

1260 

910 

1130 

1180 
1070 

1380 

1490 

8. 0 

8. 3 
7 . 4 

7 . 4 
7 . 6 

7 . 8 

7. 5 
7 . 4 
7. 6 

8 . 0 

7. 8 
7 . 3 

7 . 7 
7. 5 

7. 6 

7. 9 

7. 9 
7 . 8 

7 . 3 

7. 3 

3 . 3 

2. 7 

8. 8 
3 . 7 

3 . 3 

4. 5 
4 . 9 
4 . 4 

5 . 3 

4 . 3 
3. 8 

7 . 9 

4 . 9 

5 . 0 

5 . 3 
4 . 8 

5 . 9 

5 . 4 

7. 8 

6 . 4 

25. 3 
7. 5 

8 . 1 

9 . 6 
10.9 

9 . 6 

11. 7 

9. 8 
8. 7 

17. 1 

11.S 

12. 5 

13.4 
11.7 

13.0 

13. 3 

0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 

0 . 0 
0. 0 
0 . 0 

0. 0 

0 . 0 
0 . 0 

0 . 0 

0 . 8 

0 . 0 

0 . 0 
0. 0 

0 . 0 

0 . 0 

3. 1 

3 . 6 
6 . 6 

8. 5 
2 . 6 

4. 5 

4 . 0 
3 . 0 
2 . 6 

3 . 0 

3. 8 
4. 5 

3 . 6 
3 . 2 

3. 2 

3. 7 

3. 7 
3 . 9 

4 . 2 

4. 6 

2 . 7 

5 .3 
10. 1 

1). 7 

». 
3 . 1 

1 .2 
3 . 2 
2 . 4 

2 . 7 

1 .4 
1 .8 

1 .8 
2 . 4 

1 .8 

3 . 3 

3 . 3 
2 . 8 

3 . 8 

6 . 3 

5 . 6 

5 . 6 
35.0 

28. 0 
5 . 2 

6. 5 

7 . 3 
8 . 6 
7 . 0 

9 . 0 

7. 0 
6 . 7 

13.0 
7 . 8 

7 . 7 

9 . 3 

10.0 
8. 7 

11.7 

12. 5 

0 . 3 

0. 1 
0 . 7 

0 . 7 
0 . 4 

0. 1 

0 . 3 
0. 2 
0 . 2 

0 . 3 

0 . 2 
0 . 3 

0 . 2 
0. 2 

0 . 4 

0 . 2 

0 . 2 
0 . 2 

0 . 4 

0. 2 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

5. 5 

4. 2 
5 . 3 

a. 8 
3. 5 

5 . 2 

3. 5 
4. 0 
4 . 0 

4 . 0 

4 . 8 
4 . 4 

4. 1 
2. 1 

5 . 8 

7 . 0 

7 . 0 
6 . 4 

3 . 4 

4 . 8 

0 . 6 

3 . 4 
17.0 

16.1 
0. 8 

2 . 8 

3 . 9 
4. 0 
2 . 2 

4 . 4 

1 .0 
3 . 3 

7 . 6 
5 . 8 

1 .2 

2. 1 

2 . 8 
3 . 0 

6.8» 

5 . 0 

5 . 6 

7 . 0 
30. 1 

24.0 
5 .3 

6 . 2 

5 . 4 
7 . 0 
6 . 0 

6. 6 

6. 6 
5 . 6 

4 . 9 
5 . 7 

6. 1 

7 . 4 

7 . 4 
6 . 2 

9.9» 

13.8 

* prel iminary corrected data 

5. 2. FB 04, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measurement pc 

Remark« 

Date P 

17/12/80« 
01 /01 /80 
09 /01 /80 
23 /01 /80 
01 /02 /80 
06 /02 /80 
24 /02 /80 
01 /03 /80 
14 /03/80 
01 /04 /80 
04 /04 /80 
18 /04/80 
30 /04 /80 
01 /05 /80 
18 /05/80 
01 /06 /80 
02 /06 /80 
28 /06 /80 
01 /07 /80 
11 /07/80 
25 /07 /80 
01 /08 /80 
01 /09 /80 
17/09/80 
01 /10 /80 
11 /10 /80 
01 /11 /80 
04 /11 /80 
09 /11 /80 
01 /12 /80 
17 /12/80 
01 /01/81 
17/01/81 

tint 

D 
(AH) 
(m) 

0 .93 

0 .55 
0 .01 

- 0 . 0 2 
0.67 

0 .44 

0 .44 
0. 50 
0. 51 

0 .45 

0. 15 
0 .20 

0 .22 
0 .35 

0 .95 

0 .90 

0 .76 
0 .75 

0 .93 

0 .88 

: 1980 

t Batts drain 

! FB 04 

A 

(m 2 ) 

6 .01 

3 .35 
0 .45 

0 .33 
4. 19 

2 .65 

2 .65 
3 .01 
3 .07 

2 .71 

I. 15 
1.40 

1. 50 
2. 15 

6 .15 

5.80 

4. 82 
4 . 75 

6.01 

5 .66 

v v p 

(m / s ) ( m / . ) 

0 .668 

0 .865 
0 .264 

0 .454 
1. 143 

1. 159 

1.014 
0.901 
0. 901 

0.911 

0. 807 
0. 675 

1. 112 
0 .777 

0. 587 

0 .686 

0.691 
0 .742 

0 .668 

0. 661 

Q 

( m 3 / . ) 

4 .01 

* 4.31 
0. 12 

0. 15 
4 . 79 

3 .07 

2 .69 
2 .71 
2 .77 

2 .47 

0. 93 
0 .95 

* 1. 16 
1.67 

3 .61 

3 . 98 

- . - • 
2. 17 
3. 52 

4 .01 

3. 74 

EC 

2. 18 

2 .47 
8 .42 

8 .25 
1.87 

2. 13 

1. 87 
1.42 
1.44 

1.48 

2 .38 
2 .72 

2 .81 
2.73+ 

2. 28 

2. 18 

2. 22 
2 .27 

2 .18 
* 

3.35 

TDS 

(ppm) 

1530 

1590 
5980 

6160 
1250 

14.00 

1240 
930 
970 

970 

1570 
1770 

1820 

1520 

1490 

1520 
1530 

1530 

pH 

7 .2 

8 .4 
7 . 4 

7 . 6 
7 . 6 

7 . 9 

7. 5 
7 . 4 
7. 6 

7 .9 

7 . 9 
7 . 4 

7 . 4 
7 . 4 

7 .7 

8 .0 

8 .0 
7 .9 

7 . 2 

7 . 2 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

SAR 

8 . 3 

5 . 4 
16 .8 

18 .2 
4. 9 

3 . 7 

4 . 9 
4. 9 
6 . 5 

5 . 2 

7 . 0 
8 .2 

10. 5 

8 . 2 

6 . 2 

6 . 4 
6 . 3 

8 .3 

adj. 

SAR 

18 .2 

13. 5 
4 9 . 3 

4 9 . 6 
11 .7 

10. 1 

11 .6 
10. 8 
13 .7 

1 2 . 0 

17 .2 
19. 8 

23 .9 

19 .0 

15 .8 

16 .4 
15 .9 

18 .2 

RSC 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 

0 . 0 

0. 0 

0 . 0 
0 . 0 

0 . 0 

: D " 
: c • 

p 

! c D a 

: Q = 

Ca 

3 . 2 

5 . 4 
6 . 8 

14. 8 
5 .2 

5 . 0 

5 . 0 
3. 0 
2 . 6 

3 . 0 

5 . 4 
4 . 7 

4 . 2 
4 . 7 

4 . 2 

5 .8 

5 . 8 
5. 5 

3 . 2 

5 .9 

4 . 04 -

Mg 

3 . 4 

6. 1 
23. 1 

13 .4 
3 . 3 

6 . 9 

3 . 2 
2. 7 
1 .9 

2 .7 

3 . 4 
4. 5 

3 . 0 
4 . 3 

2. 8 

3 . 0 

3 . 0 
3. 5 

3 . 4 

3 . 6 

Hm 

+ 

( D 

Na 

15.0 

13 .0 
65 .0 

68. 5 
10. 2 

12.7 

10 .0 
8 .3 
9 . 8 

8 . 8 

14 .6 
17.6 

20 .0 
16.2 

15 .4 

13 .0 

13. S 
13.3 

15 .0 

22 .0 

D 

) • 

K 

0 .4 

0 .2 
0 .7 

0 .6 
0 .4 

0 .2 

0 .4 
0 .2 
0 .2 

0 .2 

0 .3 
0 . 4 

0 . 4 
0 .2 

0 . 4 

0 .2 

0 .2 
0 .4 

0 . 4 

0 .4 

co„ 
3 

0 .0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

HCO, 
3 

4 . 0 

4. 7 
9 . 3 

5. a 
4 . 4 

7 . 2 

4 . 2 
4 . 0 
4 . 0 

5 . 2 

5 . 6 
5 . 0 

4. 5 
4 . 4 

4 . 8 

6 .7 

6 .7 
6 . 4 

4 . 0 

4. a 

SO, 
4 

14.3 

8 .7 
33 .2 

40. 1 
5 .6 

8. 5* 

7 . 2 , 
4 . 2 * 
3 .3 

3 . 2 

7 .5 
9 . 0 

10 .2 
8. 5 

8 .3 

6 .2 

6 .7 
7 .2 

7 .9* 

a. s 

Cl 

3 .7 

11.3 
53. 1 

51 .4 
9 .1 

9 .1 

7 . 2 , 
6 .0* 
7 .2 

6 .3* 

10.6 
1 3 . 2 

12.9 
12.5 

9 .7 

9. 1 

9 .1 
9 .1 

10 .1* 

18.6 

» preliminary corrected data 



5. 3. FB 05, calculation sheet with preliminary corrected data 

Observation year 

Catchment area 

Measurement po 

Remarks 

Date P 

23 /12 /79 
01 /01 /80 
09 /01 /80 
23 /01 /80 
01 /02 /80 
06 /02 /80 
24 /02 /80 
0 1 / 03 /80 
14 /03 /80 
01 /04 /80 
04 /04 /80 
18 /04 /80 
30 /04 /80 
01 /05 /80 
18 /05 /80 
01 /06 /80 
02 /06 /80 
28 /06 /80 
01 /07 /80 
11 /07 /80 
25 /07 /80 
01 /08 /80 
01 /09 /80 
17 /09 /80 
01 /10 /80 
11 /10 /80 
01 /11 /80 
04 /11 /80 
09 /11 /80 
01 /12 /80 
17 /12 /80 
01 /01/81 
17/01/81 

int 

D 
( H) 
(m) 

1.24 

1. 17 
0 .33 

0 .22 
1.31 

0 .93 

1. 00 
1.02 
1. 06 

0 .83 

0, 59 
0 .70 

0. 70 
0 .92 

1.32 

1.24 

1. 01» 
1.11 

1.30 

1. 32 

: 1980 

i Batta drain 

; FB 05 

A 

(m2) 

7.61 

7. 13 
1. 52 

0. 97 
8.09 

5.47 

5. 95 
6. 09 
6.37 

4 .78 

3 .12 
3. 88 

3. 88 
5.40 

8. 16 

7.61 

6. 57 
6.71 

8. 02 

8. 16 

V 

(m/ s ) 

1.207 

1.262 
0 .618 

0. 863 
1.332 

1.215 

1.720 
1.308 
1. 359 

1.344 

1. 286 
1.080 

1. 130 
1. 055 

1.098 

1. 122 

0 .953 
0. 993 

1.029 

1.029 

vp Q 

(m / s ) (m 3 / « ) 

8 .95 

9. 06 
1.32 

1. 22 
10. 14 

7 .45 

* 
7. 15 
8. 5 9 , 
7 .46 

6 . 21* 
• 

4 .05 
5. 15 

5 .39 
6.41 

' 
8.39 

8 .32 
• 

6. 21 
6 .90 

* 
9.26 

* 
9.29 

EC 

1. 31 

1. 87 
5 .70 

11.82 
0. 95 

1.96 

1. 02 
1.45 
1.29 

1.34 

1. 59 
2 .04 

2 .29 
1. 80» 

1. 91 

1. 91 

1.94 
2. 00 

2. 00 

2 .46 

TDS 

(ppm) 

890 

1240 
3460 

8250 
660 

1300 

730 
960 
860 

860 

1040 
1360 

1530 

1280 

1350 

1400 
1380 

1400 

1560 

pH 

8 .0 

8. 6 
7 . 8 

7 .7 
7. 1 

7 .4 

7 .6 
7 .4 
7 .3 

7 .9 

8 .0 
7 .4 

7. 6 
7. 8 

7 .8 

7 .7 

7 .7 
8 .4 

7 . 4 

7 .2 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

SAR 

3. 1 

5 .4 
11 .0 

29 .7 
3 . 8 

4 . 4 

3. 9 
5. 1 
4 . 4 

3. 5 

3. 2 
6 .2 

11.3 

7 . 4 

5 .5 

5. 8 
6 .3 

6. 8 

7. 9 

»<äj. 

SAR 

7 .5 

12.9 
27 .9 

82 .5 
7 .0 

11.7 

8 .4 
11.2 
9 .7 

8 .0 

7 .8 
14 .9 

23 .2 

16. 8 

14 .0 

14 .8 
15.8 

15.5 

18.8 

RCS 

0 .0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 1 
0. 0 
0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 

0. 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 

: D : 

: c » 
P 

! C D * 

: Q -

Ca 

4 . 0 

4 . 2 
6 .6 

12.7 
3 .7 

4 . 0 

3. 5 
3. 5 
2 .9 

3 . 5 

4 . 9 
4 . 2 

3. 1 
2 . 6 

3. 7 

3 .7 

3 .7 
4. 5 

3 .7 

3 . 6 

4 .72 -

1. 559 

Mg 

3 .2 

3 . 6 
13. 7 

10 .0 
0 . 4 

5 .5 

0. 8 
2 . 2 
2 .6 

3. 2 

3 . 9 
3 . 6 

1.8 
2 . 4 

2 .3 

4 . 8 

4. 8 
3. 0 

3 .3 

4. 6 

Hm 

. - 0. 47< 

.. ( D 

Na 

5 .8 

10. 6 
35 .0 

100.0 
5. 5 

M 
5.7 
8 .6 
7 .3 

6 .4 

8 . 9* 
12 .3 

17.7 
11 .0 

12.8 

11.3 

12. 0 
12 .2 

12.7 

16 .0 

D 

) 

K 

0 .2 

0 .3 
0 . 6 

0 .3 
0. 3 

0. 3 

0 . 3 
0. 2 
0 .2 

0. 2 

0 .2 
0 . 4 

0 .3 
0. 1 

0. 2 

0. 2 

0. 2 
0 . 4 

0 . 4 

0 . 4 

C°3 

0. 0 

0 .0 
0 .0 

0. 0 
0 . 0 

0 . 0 

0 .0 
0. 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 .0 
0 .0 

0 . 0 

0 . 0 

' 

HC0 3 

5. 5 

5. 1 
4 . 2 

8 . 6 
2 . 3 

8 . 0 

4 . 4 
4. 0 
4 . 0 

4 . 0 

4 . 4 
5 .0 

3 . 8 
4 . 8 

4 . 8 

6 .7 

6 .7 
7. 0 

4 . 4 

5 .0 

so4 

1.6 

5. 1 
19.7 

3 6 . 4» 
3 , 6 » 

2 .3 

2. 1 
3 . 0 
2 .4 

3 .3» 

6, 5» 
6 .1 

9 . 4 
2. 5 

6 .0 

5 .6 

6 .3 
4 .9 

6. 1» 

7 . 4* 

CI 

6. 1 

8 .5 
32 .0 

78. t*» 
4,0« 

9. 1 

3 .8 
7. 5 
6 .6 

6.0» 

7 . 0 
9 .4 

9 .7 
8. 8 

8 .2 

7 .7 

7 .7 
8 .2 

9 .6* 

12 .2* 

* preliminary corrected data 

5. 4. EB 07, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measurement point 

Kcmarks 

Date 

20 /12 /79 
01 /01 /80 
06 /01 /80 
27 /01 /80 
01 /02 /80 
10 /02 /80 
25 /02 /80 
01 /03 /80 
09 /03 /80 
23 /03 /80 
01 /04 /80 
13 /04 /80 
20 /04 /80 
01 /05 /80 
04 /05 /80 
26 /05 /80 
01 /06 /80 
03 /06 /80 
15 /06 /80 
29 /06 /80 
01 /07 /80 
16 /07 /80 
31 /07 /80 
01 /08 /80 
18 /08 /80 
01 /09 /80 
22 /09 /80 
01 /10 /80 
04 /10 /80 
27 /10 /80 
01 /11 /80 
11 /11 /80 
24 /11 /80 
01 /12 /80 
07 /12 /80 
25 /12 /80 
01 /01/81 
07 /01 /81 

D 
P ( H) 

(m) 

3 .27 

3 .04 
2 . 92 

2 . 74 
3 . 05 

2 .96 
2 .91 

2. 84 
2. 81 

2. 81 
2 .88 

2 . 90 
2. 86 
2 . 88 

2 .95 
3. 08 

_ 
3.22 

3. 18 
3 .09 

3. 04 
3. 10 

3 .07 
3 .32 

3 .03 

• P 

: 1980 

1 Bahr baqar < 

: EB 07 

A 

(m 2 ) 

104.97 

93. 52 
87 . 54 

79. 04 
94 .01 

89. 53 
87 .04 

83. 66 
82 .22 

82 .22 
85 .57 

86. 54 
84 .61 
85. 57 

89 .03 
95. 51 

. 
102.48 

100. 49 
96. 01 

93. 52 
96. 50 

95 .01 
107.46 

93 .03 

rel imiiu 

V 

(m / s ) 

0 .424 

0. 387 
0 .453 

0. 382 
0 .448 

0 .460 
0. 313 

0 .447 
0. 532 

0. 397 
0 .313 

0. 388 
0 .465 
0 .464 

0 .402 
0 .403 

. 
0. 357 

0. 396 
0. 302 

0 .471 
0. 325 

0. 318 
0. 373 

-

rain 

v p 

(m / s ) 

0. 607 

0. 562 
0. 554 

0. 522 
0.827 

0 .543 
0. 539 

0. 537 
0. 725 
0. 684 

0. 661 
0. 715 

. 
0. 551 

0. 599 
0. 536 

0. 726 
0. 522 

0.411 
0 .449 

0 .486 

a 

( m 3 / - ) 

4 2 . 26 

28. 32 
28 .40 

18. 00 
33.81 

30. 59 
26. 27* 

24 .79 
22. 22* 

20 .98 
23. 13* 

23 .60 
26 .60 
2 7 . 38 

26. 35 
31 .67 

28. 52* 

33. 52 

35 .40 
24 .05 

35 .07 
26 .23 

24 .66 
39 .40 

24 .02 

ry corrected data 

EC 

1. 02 

1. 18 
1.46 

1 .45 
1. 79 

1. 17 
1.28« 

1. 16 
1. 12 

1. 22 
1 .00 

1. 07 
1 .04 
I. 13 

1 .36* 
1.04 

' 1 .02 

1. 06 

1. 13 
1. 15 

1. 16 
1.66 

1. 47 
1.40 

1.27* 

TDS 

(ppm) 

730 

820 
1010 

970 
1180 

780 
1080 

770 
800 

820 
700 

760 
710 
710 

820 
720 

720 

750 

830 
760 

860 
1190 

1040 
970 

1030 

pH 

7. 1 

7. 2 
7 . 6 

7 . 6 
7 .2 

7. 7 
. 

7. 5 
7 .3 

7 . 2 
7 . 4 

7. 0 
7 . 4 
7 . 4 

7 .3 
8. 1 

8. 6 

7 . 4 

7. 3 
7. 3 

7. 8 
7. 4 

7. 3 
7 . 9 

7. 0 

Waterdepth 

Pendu um constant 

Float constant 

Calibration 

SAR 

3. 2 

3. 1 
3 . 0 

2 .9 
7. 1 

0 .5 
3 .7 

2 .8 
3 . 3 

3 . 9 
1.7 

2. 5 
2. 3 
2 . 3 

5 .7 
2. 7 

2 .3 

3 . 0 

2 .4 
1 .6 

2 . 4 
3 . 5 

2. 1 
4 . 4 

3 . 2 

adj. 

SAR 

7 . 3 

7 . 3 
7 . 6 

7 . 4 
16. 1 

1 .4 
9 . 9 

4 . 7 
7. 9 

8 .3 
4. 1 

6. 2 
5. 5 
5. 5 

11. 7 
6. 3 

5. 5 

7. 0 

6. 0 
3 . 9 

6 . 2 
8 .9 

5 . 6 
10. 5 

8. 1 

** estimated (missing) data 

RCS 

0 .3 

0 . 0 
0 .0 

0 . 0 
0 . 0 

0 . 0 
3. 5 

0 .0 
0 .7 

0 . 0 
0 . 0 

1. 1 
0 . 0 
0 . 0 

0. 1 
0 . 0 

0 .0 

0. 0 

0 .4 
0 . 0 

0 .0 
0 .0 

0. 0 
0 .0 

0 . 0 

: D = 

: c » 
P 

! C D ' 

: Q * 

Ca 

4 . 4 

3 . 6 
4 . 6 

4. 7 
3 .7 

5 .2 
3 .7 

3. 5 
3. 0 

3 . 2 
3. 2 

2. 6 
4. 4 
4 . 4 

2. 2 
3 . 4 

3. 2 

3 . 2 

3. 7 
4 . 2 

4. 6 
4 . 6 

5. 2 
3. 2 

2. 5 

5 .02 -

- 1. 23 

Mg 

0 . 6 

2 . 4 
3 . 8 

3 . 3 
2 . 0 

5 .2 
3 . 6 

3. 1 
2 .7 

2 .4 
3 . 4 

3. 5 
1. 7 
1 .7 

1 .8 
2 . 3 

2 . 9 

2 . 4 

2 . 3 
3 . 3 

2 .7 
3. 1 

4. 8 
3 . 0 

4 . 8 

Hm 

— 
+ 0 

_ ( D — 

Na 

5 . 0 

5 . 4 
6. 1 

5 .7 
12 .0 

1.2 
7 . 0 

5. 1 
5. S 

6 . 6 
3 . 0 

4 . 3 
4 . 0 
4 . 0 

8 . 0 
4. 5 

4 . 0 

5 . 0 

4 . 2 
3. 1 

4 . 6 
6 . 9 

4 . 7 
7 .7 

6. 1 

667 D 

) 

K 

0.2 

0 .3 
0. 1 

0. 2 
0 .2 

0. 2 
0. 2 

0 .3 
0. 1 

0. 1 
0 . 4 

0 .2 
0 . 2 
0 . 2 

0 .2 
0 .2 

0. 2 

0 .2 

1.2 
0 .6 

0 . 2 
2 .0 

0 .2 
0. 1 

1.2 

C°3 

0.0 

0 .0 
0 .0 

0. 0 
0. 0 
-

0 .0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 .0 

0 .0 
0 . 0 
0 . 0 

0. 0 
0 .0 

0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 .0 

0. 0 

H C 0 3 

5 .3 

5. 1 
7 .7 

7 . 4 
4. 9 

S. 2 
10 .8 

1. 2 
6 . 4 

3 . 2 
5 . 6 

7. 2 
5. 2 
5 . 2 

4. 1 
5 .4 

5 . 4 

5 . 4 

6 . 4 
5. 0 

7 . 0 
6 . 4 

7 . 0 
5 .8 

6 . 6 

SO, 

0 .8 

2 .8 
0 .8 

1.2 
3 . 4 

2 .3 
0. 1 

5 .8 
0 .9 

4 .1 
1.0 

0 .0 
2 ,«* 
0 . 4 

1.8 
0 .8 

1.4 

1.3 

1.4 
0 .9 

0 .8 
6 .0 

0 .2* 
3 .7 

4 .2 

Cl 

4. 1 

3 . 8 
6.1 

5 .3 
9 .6 

4 . 3 
3 .6 

5 .0 
4 .0 

5 .0 
3 . 4 

3. 5 
2 .7* 
4 . 7 

6 .3 
4 .2 

3 .6 

4. 1 

3 .6 
5 .3 

4 .3 
4. 2 

7.7« 
4. S 

3 . 8 



5. 5. EB 08, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remarks 

Date 

20 /12 /79 
0 1 / 01 /80 
0 6 / 01 /80 
2 7 / 01 /80 
0 1 / 02 /80 
10 /02 /80 
25 /02 /80 
0 1 / 03 /80 
0 9 / 03 /80 
23 /03 /80 
01 /04 /80 
13 /04 /80 
20 /04 /80 
0 1 / 05 /80 
0 4 / 05 /80 
2 6 / 05 /80 
0 1 / 06 /80 
0 3 / 06 /80 
15 /06 /80 
2 9 / 06 /80 
0 1 / 07 /80 
16 /07 /80 
31 /07 /80 
0 1 / 08 /80 
18 /08 /80 
0 1 / 09 /80 
2 2 / 09 /80 
0 1 / 10 / 80 
0 4 / 10 /80 
2 7 / 10 /80 
01 /11 /80 
11 /11 /80 
24 /11 /80 
01 /12 /80 
0 7 / 12 / 80 
2 5 / 12 /80 
01 /01 /81 
10 /01 /81 

D 
P ( H) 

(m) 

3. 16 

2 .96 
2. 85 

2. 73 
2 .94 

2 .87 
2 .93 

2 .82 
2. 69 

2 .45 
2. 81 

2. 83 
2.77 
2 .72 

2 .74 
2. 83 

2. 88 

3 .09 

3 .05 
2. 71 

2 . 92* 
2 .97 

2 .92 
3 .05 

3 .03 

: 1980 

1 Bahr Baqar 

: EB 08 

A 

(m2) 

110.48 

101.12 
95.97 

90.46 
100. 19 

96.91 
99 .72 

94.57 
88 .49 

77.37 
94. 10 

95 .04 
92 .23 
89. 89 

90. 83 
95 .04 

97 .38 

107.21 

105.33 
89.42 

146.05 
101. 59 

99 .25 
105.33 

104. 40 

V 

'm/s) 

0.387 

0 .369 
0 .363 

0 .349 

. 
0.356 
0. 190 

0. 357 
0. 503 

0.281 
0. 21f 

0. 228 
0. 366 
0 .312 

0 .394 
0 .445 

0 .405 

0. 318 

0 .348 
0. 224 

0.407 
0. 305 

0. 291 
0. 392 

0 .340 

drain 

VP 

(m/ s ) 

0 .448 
0 .443 

0 .410 
0. 505 

0 .466 
0. 428 

0 .423 
0. 505 
0 .483 

0. 530 
0. 581 

0 .492 

0. 543 

0. 617 
0. 355 

0 .436 
0 .439 

0. 370 
0. 442 

0 .432 

Q 

(m 3 / > ) 

41. 11 

28. 11» 
27 .03 

22 .23 

. 
24 .46 
26 .02 

21 .02 
21 .74 

13. 84 
21. 66 

21 .96 
24 .25 
21. 68 

24 .45 
30. 17 

27 .20 

32.79» 

32. 58» 
21.74« 

27. 17» 
27. 04 

25. 67» 
29 .82 

28. SO 

EC 

1.04 

1. 16 
2. 21+ 

1.70 
1.02 

1. 14 
1.37* 

1. 22 
1. 16 

1. 21 
1.04 

1. 10 
1. 11 
1. 11 

1. 29* 
1.09 

1.13 

1.11 

1. 15 
1. 15 

1. 18 
1. 67 

1.61 
1.32* 

1.44 

TDS 

(ppm) 

730 

790 

1200 
710 

780 
1230 

780 
800 

790 
720 

760 
770 
770 

850 
760 

820 

780 

810 
810 

830 
1210 

1150 
1100 

1010 

pH 

7 . 2 

7. 1 
7 . 6 

7 . 6 
7 . 0 

7 . 2 

. 
7 . 2 
7 . 3 

7. 2 
7 . 4 

7 .3 
7. 3 
7. 3 

7. 5 
7 . 8 

7. 1 

7 . 6 

7. 3 
7 . 4 

7. 3 
7. 5 

7. 1 
8 . 0 

7 . 2 

Waterdepth 

Pendul im constant 

Float constant 

Calibration 

SAR 

2 . 4 

2. 5 

3 . 6 
2 . 0 

1.3 
4. 4 

2. 8 
2. 6 

2 . 3 
2. 1 

2. 3 
3. 1 
3. 1 

5. 4 
2 . 6 

2. 5 

2. 8 

2. 0 
2. 8 

1. 5 
2. 9 

3. 4 
4 . 8 

4 . 3 

»dj. 

SAR 

5. 8 

6 .2 

9 . 6 
4 .7 

3 . 3 
11 .9 

4. 8 
6 .5 

5. 2 
5. I 

5 .7 
7 .3 
7 .4 

12 .4 
6. 2 

5 .9 

6. 8 

5 .0 
7 .0 

4. 1 
7. 5 

8. 7 
11 .6 

10 .4 

RCS 

0 .0 

0. 1 

0 . 0 
0 . 0 

0. 0 
3. 1 

0. 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0. 0 
0. 0 

2. 5 
0. 0 

0. 1 

0. 0 

0. 0 
0 . 0 

0. 0 
0. 0 

0 . 0 
0. 0 

0. 0 

: D = 5 

: c a p 
! C Ó ' 
: Q » 

Ca 

5 .0 

3. 9 
8 .7 

5 .2 
3 .7 

4. 7 
5. 2 

4. 0 
3. 0 

3 .7 
3. 5 

3 . 6 
3. 6 
3 . 6 

3. 2 
3. 9 

3. 2 

3. 2 

4. 2 
3. 7 

4. 0 
5 .4 

4. 5 
3. 4 

1. 8 

27 - Hm 

u.715 

- 0 .93 

Mg 

1.0 

2. 6 
8. 1 

4. 2 
2 .7 

3. 8 
2. 5 

3. 1 
3 . 6 

3 . 8 
2 . 7 

3 . 0 
2. 1 
2. 1 

0. 8 
2. 3 

2. 1 

2. 8 

3. 3 
2 .8 

4. 6 
3. 2 

4. 8 
3. 3 

4. 7 

+ 0. 

( D 

Na 

4 . 2 

4. 5 
5. 0 

7 . 9 
3. 5 

2 . 7 
8. 6 

5. 3 
4. 8 

4. 5 
3 .7 

4. 2 
5. 2 
5 .3 

7. 7 
4. 5 

4. 1 

4. 9 

3 . 8 
5. 1 

3. 2 
6. 1 

7. 3 
8. 7 

7. 7 

598 D 

-) 

K 

0 .2 

0. 2 
0. 2 

0. 2 
0. 2 

0. 2 
0 .2 

0. 3 
0. 1 

0. 1 
0 . 4 

0. 2 
0. 2 
0. 1 

0. 2 
0. 2 

2. 0 

0 .2 

0. 2 
0. 1 

0. 2 
2. 2 

0. 1 
0. 1 

0. 2 

co. 
3 

0 .0 

0 .0 
0 .0 

0. 0 
0 . 0 

0 .0 
0 .0 

0 . 0 
0 . 0 

0. 0 
0 . 0 

0 .0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 

0 . 0 

0. 0 
0 . 0 

0 . 0 
0 .0 

0 . 0 
0 . 0 

0 . 0 

HCO. 
3 

5 . 5 

6 .6 
7. 3 

7 . 4 
5 .2 

5 .2 
10. 8 

1.2 
6 .0 

3. 2 
5. 6 

6 . 0 
5 .4 
5 .4 

6 .5 
6 .0 

5 .4 

5 .8 

6 . 8 
6. 1 

7. 0 
6. 2 

6 . 0 
6 . 0 

6 .2 

SO, 
4 

0 .3 

0 .0 
9. 1 

3 . 4 
2 .0 

2 .4 
2. 1 

6.8» 
1.5 

3 . 9 
0. 6 

0 . 6 
1.0 
1.0 

0 .3 
0 .5 

1. 1 

1.2 

0 .7 
0. 5 

0 .7 
6. 1 

6 .4 
6 .7 

0 .4* 

Cl 

4 .6 

4 .6 
5 .6 

6 .7 
2 .9 

3 .8 
3 .6 

4 .7* 
4 .0 

5 .0 
4. 1 

4 .4 
4 .7 
4 .7 

5. 1 
4 .4 

4 .9 

4 .1 

4 .0 
5. 1 

4 .3 
4 .6 

4 .3 
2 .8 

7.8» 

preliminary corrected data 

5. 6. EH 11, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measureme 

Remarks 

Date 

20 /12 /79 
01 /01 /80 
06 /01 /80 
27 /01 /80 
01 /02 /80 
10 /02 /80 
25 /02 /80 
01 /03 /80 
09 /03 /80 
23 /03 /80 
01 /04 /80 
13 /04 /80 
20 /04 /80 
01 /05 /80 
04 /05 /80 
26 /05 /80 
01 /06 /80 
03 /06 /80 
15 /06 /80 
29 /06 /80 
01 /07 /80 
16 /07 /80 
31 /07 /80 
01 /08 /80 
18 /08 /80 
01 /09 /80 
22 /09 /80 
01 /10 /80 
04 /10 /80 
27 /10 /80 
01 /11 /80 
11 /11 /80 
24 /11 /80 
01 /12 /80 
07 /12 /80 
25 /12 /80 
01 /01 /81 
07 /01 /81 

nt point 

D 
P ( H) 

(m) 

3 . 86 

3 .71 
3 .46 

3 .47 
3 .85 

3 .75 
3 .57 

3 .72 
3. 71 

3 .60 
3 .70 

3 .62 
3 . 74 
3. 56 

3 .88 
3. 93 

3 .90 

4 . 09 

3 .33 
3. 77 

3. 87 
3 . 93 

3. 80 
3. 88 

4 . 20 

: 
• 

: 

A 

(m 2 ) 

186.75 

177.27 
161.47 

162. 10 
186. 11 

179.79 
168. 42 

177.90 
177.27 

170.31 
176. 63 

171. 58 
179. 16 
167.79 

188.01 
191. 17 

189.27 

201. 28 

153. 25 
181.06 

187.38 
191. 17 

182.95 
188.01 

208. 23 

1980 

Bahr Hadus d 

EH 11 

V 

( m / s ) 

0. 511 

0. 376 
0 .298 

0 .218 
0 .635 

0 .450 
0 .430 

0. 514 
0 .476 

0 .307 
0 .423 

0 .376 
0. 518 
0. 289 

0. 540 
0. 523 

0 .463 

0 .439 

0. 539 
0 .403 

0. 308 
0. 345 

0. 312 
0. 398 

0 .425 

V P 

(m / s ) 

_ 
--
-0. 670 

0. 522 
0. 422 

0 .476 
0. 470 

0 .426 
0. 542 

0 .347 
0 ,576 
0. 270 

0. 523 
0. 561 

0.437 

0. 525 

0 .465 
0 .418 

0 .360 

-
0. 369 
0 .359 

0 .512 

rain 

Q 

( m 3 / » ) 

41 .70 

29. 13 
21 .03 

15 .44 
32. 43* 

38 .92 
29.47 

35. 12 
34. 55 

30.09 
39 .70 

24 .69 
32. 50* 
29. 86* 

40 .78 
44 .48 

34. 30 

43 .82 

29. 55 
31. 39 

35 .37* 
28. 28 

28 .00 
42. 10* 

44. 21 

EC 

1. 57 

2. 52 
3. 83 

4. 51 
0 .99 

1. 87 
2. 31 

2. 21 
2. 30 

2. 50 
1. 60 

2. 22 
2. 38 
2. 55* 

2. 55 
2. 55 

2. 55 

2 .46 

2. 18 
2 .09 

2. 28 
2. 73 

2. 73 
2. 18 

2. 18 

TDS 

(ppm) 

970 

1550 
2390 

2740 
670 

1180 
1470 

1510 
1430 

1550 
1030 

1500 
1520 

1630 
1620 

1650 

1560 

1440 
1380 

1510 

1780 
1490 

1410 

PH 

7 . 4 

7 . 4 
7. 5 

7. 6 
7. 2 

7 .7 

-
7 . 4 
7 .7 

7. 4 
7. 6 

7 . 3 
7 . 4 
7 . 4 

7. 2 
7. 8 

7 . 4 

7. 6 

7 . 4 
7. 8 

7 . 9 
7. 5 

7. 3 
8. 2 

7. 5 

Water depth 

Pendulum constant 

Float constant 

Calibration 

SAR 

3 . 9 

5 .8 
6 . 9 

8 . 0 
1.9 

2 .7 
4 .7 

6 . 0 
6 .1 

6 .6 
4 . 3 

4 . 6 
7. 1 

8 . 5 
7. 1 

6 .8 

6 .9 

5.2 
5. 5 

5 .0 

4 . 7 
5 .6 

4 . 3 

adj. 

SAR 

8 .9 

14 .0 
18 .3 

2 1 . 7 
4 . 3 

6 . 4 
12 .7 

16. 1 
14 .6 

13 .9 
10 .0 

12 .6 
17 .4 

20. 0 
17 .6 

16 .8 

16. 5 

13. 0 
14 .2 

13 .3 

11 .9 
13 .4 

10. S 

RCS 

0 .0 

0 . 0 
0 .0 

0 . 0 
0 .0 

0 . 0 
0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

: c = 
p 

! C D = 

: Q « 

Ca 

5. S 

4. 2 
9. 5 

8 .9 
3 . 8 

5 .2 
5 .2 

5 .0 
4. 5 

4 . 7 
5 .0 

3 .6 
4 . 4 
3 . 4 

3 .1 
4 .7 

5 .0 

4 . 7 

5 .3 
5 .3 

5 .4 
6 . 8 

5 .8 
3 . 9 

1. a . 

D= 6. 

0 .949 

0.437 

. 

Mg 

2 .2 

7 .0 
8 . 6 

10 .8 
2 .5 

6 .8 
6 . 4 

4. 5 
4. 5 

5 .3 
2. 6 

8 .0 
4 . 4 
3 . 4 

4 . 9 
4 . 8 

4. 5 

4 .8 

4 . 8 
3 .8 

5.7 
2 .3 

9. 2 
5 .6 

9. 5 

23 - Hm 

+ 

- ( D 

Na 

7 .7 

13.7 
20 .9 

25 .0 
3 . 4 

9 . 0 * 
11 .2 

13 .0 
13. 0 

14 .8 
8 .3 

11 .0 
14 .8 
15.7 

17 .0 
15. S 

14. 8 

15 .0 

11 .6 
11. 8 

11. 7 
15 .7* 

13. 0 
12 .3 

10. 2 

D 

~> 

K 

0 .2 

0. 2 
0 . 2 

0 .2 
0 .2 

0 .2 
0 .2 

0 .3 
0 .2 

0 .2 
0. 1 

0 .2 
0 .2 
0 . 4 

0. 5 
0 . 2 

1. 1 

0. 1 

0. 2 
0. 1 

0. 2 
0 .2 

0 .2 
0. 2 

0 .3 

C°3 

0 .0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 .0 
0 . 0 
0 . 0 

0 .0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 .0 

0 . 0 
0 .0 

0 . 0 

HCO, 

3 . 6 

4 . 2 
5. 1 

6 .2 
3. 8 

3 . 6 
8 . 0 

9 . 2 
4 . 4 

2 . 3 
4 . 4 

8 . 8 
5 . 6 
5 . 6 

4. 8 
5 . 4 

5 .3 

4 . 5 

5 . 4 
6 .7 

7 . 6 
4 . 6 

4 . 0 
4. 2 

4 . 3 

S°4 

6.2» 

4 . 9 
6 . 8 

7. 5 
3 . 8* 

9 .1» 
0 .2 

6 .3 
6 .3 

8 .2 
5.6» 

2. 8 
3 . 2 
2 . 3 

6 . 0 
5 .8 

5 .8 

5 .8 

6 .6 
3 . 0 

3 . 4 
0 .4» 

11.7 
6 .9» 

10. 2 

CI 

5 .8* 

16.0 
27.3 

31 .2 
2 .3* 

8 .5 
14.8 

13.5 
11.5 

14 .5 
6 .0* 

11.2 
15.0 
15.0 

14.7 
14 .0 

14.3 

14.3 

9 .» 
11.3 

12.0 
20 .0 

12.5 
10.9» 

7 .3 

* prel iminary corrected data 



5. 7. EH 13, calculation sheet with preliminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remarks 

: 1980 

i Bahr Hadus drain 

: EH 13 

: Data on d ischarges of 1979, 1981 
and 1982 are a lso used 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

D = 2. 86 - Hm 

: » Q = 2. 47 vp 

Q = ( D . 

D 
(UH) 
(m) (mZ) (m / s ) ( m / s ) ( m 3 / . 

TDS pH SAR adj. RCS Ca 

(ppm) SAR 

Mg 

07/12/80 
08/12/79 
25/12/80 
01/01/80 
07/01/80 
28/01/80 
01/02/80 
11/02/80 
23/02/81 
26/02/80 
01/03/80 
10/03/80 
24/03/80 
01/04/80 
10/04/79 
14/04/80 
21/04/80 
01/05/80 
05/05/80 
19/05/79 
27/05/80 
01/06/80 
04/06/80 
16/06/80 
19/06/79 
01/07/80 
14/07/79 
16/07/80 
01/08/80 
06/08/80 
18/08/80 
01/09/80 
22/09/80 
01/10/80 
04/10/80 
27/10/80 
01/11/80 
11/11/80 
15/11/81 
24/11/80 
01/12/80 
07/12/80 
25/12/80 
01/01/81 
07/01/81 

2. 19 

2.29 

2. 32 
2.31 

0. 139 34.33 
35.47 

0. 222 54. 83 

0. 148 36. 56 
12. 20 

7. 56 
22. 65 
40.75 
42. 16 

48.26 
51. 56 

55. 57 
55. 34 
54.94 

54. 14 
53. 34 
51. 21 

49.08 
45.89 
45. 09 
46. 91 
48. 89 
49. 33 
52. 84 
53.94 
46.93 

0.218 
0. 190 

0.187 46.19 

0. 239 59. 03 
0. 255 62. 99 

0. 186 45. 94 
46. 17 

0. 176 43. 47 

0.139 34.33 
0. 222 54. 83 

2. 24 
4.33 

5.78 

2.21 

2. 04 
2. 64 

2.47 
2. 13 

2.29 

2. 16 

2.46 
2. 33 

2.73 
2.82 

2. 73 

2.73 

2.46 
2. 18 

2.46 

3.28 

3. 19 
2. 55 

1400 7. 6 

1430 8. 2 

2690 7. 6 

3520 7.4 

1400 7. 3 
1270 7.3 
1710 

1440 
1380 

1490 

1390 

1510 
1460 

1780 
1800 

1750 

1730 

1620 
1420 

1600 

2150 

2020 
1780 

7. 2 
7. 5 

7.4 

7.6 

7.6 
7. 1 

1660 7. 1 

7. 3 
7. 7 

7.4 

7. 5 

7. 3 
8. 0 

7.8 

7.4 

7.4 
8. 1 

6. 8 
11.7 

11. 1 

5.0 

3. 3 
6. 1 

5. 6 
6.5 

6. 1 

6.3 

4.8 
6.2 

9. 2 
6.9 

6.6 

6.5 

10.0 
5.3 

5. 8 

7. 5 

7.6 
9. 1 

13.7 0.0 

15. 5 
29. 1 

29.4 

11.7 

8. 1 
16.4 

8.6 
15. 1 

12.6 

14.8 

10.4 
15.4 

2T. 8 
17.4 

16.6 

16.5 

23. 6 
13.8 

15. 5 

18. 5 

19. 0 
21. 7 

0.0 
0. 0 

0. 0 

0.0 

0.0 
0. 0 

0. 0 
0. 0 

0. 0 

0.0 

0. 0 
0. 0 

16. 9 0. 0 

0. 0 
0. 0 

0. 0 

0.0 

0. 2 
0. 0 

0. 0 

0. 0 

0. 0 
0. o 

4. 8 
9. 0 

11.0 

5.0 

4. 7 
6.3 

5. 0 
4.0 

4.2 

5. 0 

6.2 
5.0 

3.6 
6.3 

5.2 

5. 7 

3. 2 
5.0 

5. 1 

8.0 

5. 8 
3. 9 

3.6 13.9 
4. 1 30. 0 

10.4 36.2 

5.5 11.4 

7.3 
5.3 

6. 1 
4.5 

4.9 
5. 2 

6.0 

4.8 

6.2 
3. 7 

8.2 
14.6 

5.9 13.0 
4. 1 13. 0 

5. 3 13. 2 

3.6 13.0 

12.0 
13.6 

4.5 15.6 

19.0 
16.5 

5.6 15.3 

5.8 15.7 

2. 8 17. 4 
5.0 11.9 

13.7 

18. 9 

18.7 
17.8 

0.2 
0. 1 

0.2 

0. 2 

0.2 
0.2 

0.2 
0. 1 

0.2 

0.0 

0.3 
0.2 

0.2 
0.2 

1. 1 

0. 1 

1.2 
0. 1 

0.2 

1. t 

0. 5 
0. 1 

0.0 
0.0 

0. 0 

0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 

0.0 

0. o 
0. o 

0.0 
0. o 

0.0 

0.0 

0.0 
0.0 

0.0 

0. o 

0.0 
0. o 

3. 8 
4. 9 

5.3 

3. 6 

3.6 
8. 0 

0. 8 
4. 4 

2.3 

4.4 

2. 2 
5.2 

4.8 
5.4 

5.4 

5. 2 

6.2 
6. 6 

7. 6 

4. 5 

4. 8 
5. 4 

5.2 
8.7 

11.7 

7.0 

5.8 
2.7 

6.8 
6.3 

8.4* 

5.2 

7.4 
5.6» 

4.6 

7.7 
6.9 

6.2 

6.0 

3.6 
2.7 

2. 1 

7.9« 

12.0 

5.9* 

0.148 36.56 1.15 8. 5 0. 0 0. 2 0. 0 

8.5 

13. 5 
29.6 

40. 8 

11.5 

11.0 
15.7 

16.5 
10. 5 

12.2» 

12.0 

15.0 

12. 5» 

15.2 
15.9 

15.6 

16. 1 

14.8 
12.7 

15.3 

20.4« 

14.4 
14.2» 

* preliminary corrected data 

5. 8. MG 09, calculation sheet with prel iminary corrected data 

Observation yea 

Catchment area 

r 

Measurement point 

Remarks 

Date P 

3 0 / 1 2 / 8 0 
0 1 / 01 / 80 
23 /01 /81 
0 1 / 02 /80 
09 /02 /81 
22 /02 /81 
01 /0 3/80 
06 /03 /81 
21 /03 /81 
0 1 / 04 / 80 
04 /04 /81 
16 /04 /80 
0 1 / 05 /80 
0 6 / 05 /80 
2 0 / 05 /80 
0 1 / 06 / 80 
0 9 / 06 /80 
2 2 / 06 /80 
01 / 07 /80 
0 8 / 07 /80 
2 5 / 07 /80 
0 1 / 08 /80 
0 7 / 08 /80 
3 0 / 08 /80 
0 1 / 09 /80 
14 /09 /80 
2 7 / 09 /80 
01 / 10 /80 
15 /10 /80 
01 / 11 /80 
0 6 / 11 / 80 
20 /11 /80 
0 1 / 12 /80 
30 / 12 /80 
01 /01 /81 
23 /01 /81 

D 
(aH) 
(m) 

: 1980 

i Gharbia drain 

: MC 09 

: Waterquality data 
from observation 

A v 

(m 2 ) ( m / s ) (i 

v p 

n / s ) 

jan-march 
year 1981 

Q EC 

( m 3 / . ) 

8 .86 

8 .23 

6 .26 
6 .26 

9 .97 
9 .97 

10 .62 
10.62 

9 .28 
9 .28 

12. 63 
12. 63 

15. 53 
15. 53 

17 .84 
17 .84 

14.46 
14.46 

13 .30 

8. 92 
8. 92 

10.40 

8 .86 

2 .28 

2 .09 

6 .44 
2 .32 

1. 81 
2 . 26 

1 .36 
1.42 

2. 13 
1.38 

1.25» 
1.92 

1 .48 
1.43 

I. 27 
1.53» 

1 .40 
1. 51 

1 .04 

1 .40 
1.40 

2. 28 

2 .09 

TDS 

(ppm) 

1530 

1390 

3930 
1440 

1190 
1370 

930 
920 

1320 
910 

710 
1290 

960 
960 

870 
910 

930 
950 

710 

920 
910 

1530 

1390 

pH 

7. 5 

8 . 0 

7 . 2 
7 . 0 

7 . 6 
7 . 6 

8 . 2 
7 . 4 

7 . 8 
7 . 4 

7 . 6 
7 .7 

7 . 6 
8 . 0 

7 .3 
7 . 6 

7 . 6 
7 . 6 

7 . 4 

7 . 6 
7 . 4 

7 . 5 

8 . 0 

Wate re epth 

Pendulum constant 

Float constant 

Calibration 

SAR 

9 . 4 

4 . 2 

9 . 4 
4 .1 

S. 3 
6 .2 

4 . 2 
4. 5 

6 . 0 
2 . 8 

4. 1 
6. 0 

4 . 0 
4 . 8 

3 . 6 
5 . 4 

4 .7 
2 .2 

2 .2 

3 . 6 
1 .6 

9 . 4 

4 . 2 

adj. 

SAR 

21 .1 

10.3 

28 .0 
10. 1 

12 .0 
14 .2 

9 .0 
10 .0 

13 .5 
6 .3 

8 .7 
14. 1 

9 .3 
11 .2 

8. 5 
12. 1 

10 .8 
5 .6 

5 .1 

8 . 5 
3 . 9 

21. 1 

10.3 

RSC 

0 .0 

0 .0 

0 .0 
0 .0 

0. 0 
0 .0 

0 .0 
0 .0 

0. 0 
0 .0 

0 .0 
0 .0 

0 .0 
0 . 0 

0 .0 
0 .0 

0. 0 
0 .0 

0 .0 

0. 0 
0 . 0 

0 .0 

0 . 0 

: D <• . 

: c • 
P 

: C D * 

: Q » 

Ca 

4 . 4 

4. 8 

14. 2 
6. 5 

6 .5 
3. 8 

3. 1 
3. 5 

4 . 2 
3. 5 

2. 1 
2. 8 

2. 6 
3 . 2 

4 . 7 
3 . 2 

3 . 2 
3 . 2 

3 .7 

5. 5 
3 . 9 

4 . 4 

4 . 8 

Mg 

1.8 

6 .3 

14 .2 
6. 1 

0 . 6 
5 .3 

3 . 0 
2 .7 

4. 3 
3 .7 

2 . 4 
4 . 7 

4 . 6 
2 .8 

1 .8 
1 .8 

2 . 4 
6 .8 

2 . 8 

1 .5 
6 . 9 

1 .8 

6 .3 

_.. - HIT 

+ 

- ( D 

Na 

16.5 

10 .0 

35 .4 
10 .3 

10 .0 
13.3 

7 . 3 
8 . 0 

12 .3 
5 .3 

6. 1 
11 .6 

7 . 5 
8 . 4 

6 . 5 
8 . 6 

7 . 9 
4 . 9 

3 . 9 

6 .7 
3 . 7 

16. S 

10 .0 

n 

) 

K 

0 .2 

0 . 4 

1 .2 
0. 5 

0 . 9 
0 . 2 

0 . 2 
0 . 2 

0. 2 
J. 5 

0 . 2 
0 . 4 

0. 2 
0. 1 

0. 1 
0. 1 

0 . 6 
0. 1 

0 .1 

0 .3 
0 . 2 

0 .2 

0 . 4 

C°3 

0 .0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

H C 0 3 

4. 7 

4. 0 

9 . 8 
4. 0 

4 . 0 
3. 5 

3 . 3 
3 . 8 

3 . 6 
3 . 6 

4 . 0 
4 . 8 

4 . 7 
5 . 0 

5 . 0 
4. 7 

4 . 8 
5 .4 

4 . 9 

5 .0 
4. 0 

4. 7 

4 . 0 

so4 

8.3 

8 .2 

4 .0 
3 .7 

3 .8 
2 .2 

3 .5* 
1.6 

4 .2 
2 .2 

0 .7 
6 .4 

1. 5 
1.7 

0.9 
1.4 

0 .6 
1. S 

1.0 

0 .4 
2 .4 

8 .3 

8 .2 

Cl 

9 .9 

9 .3 

51.3 
15.7 

10.2 
16.9 

6 .8« 
9 .0 

13.2 
8 .2 

6.1 
8 .3 

8 .7 
7 .8 

7.2 
7 .6 

8.7 
8. 1 

4 . 6 

8 .6 
8 .3 

9 .9 

9 .3 

* prel iminary corrected data 



5. 9. MG 10, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remarks 

1980 

Gharbia drain 

MG 10 

Waterquality data jan - march 
from observation year 1981 

Waterdepth 

Pendulum constant 

Float comtant 

Calibration 

SAR adj. RSC 

î c = 
P 

! C D * 

: Q ' 

Ca 

D » . 

Mg Na 

- Hm 

n 

K C 0 3 H C 0 3 so4 D A v vp Q EC TDS 
(ÛH) , , 
(m) (m' ) (m/a) ( m / l ) ( m V . ) (ppm) 

pH 

30/12/80 
01/01/80 
23/01/81 
01/02/80 
09/02/81 
22/02/81 
01/03/80 
06/03/81 
21/03/81 
01/04/80 
04/04/81 
16/04/80 
01/05/80 
06/05/80 
20/05/80 
01/06/80 
09/06/80 
22/06/80 
01/07/80 
08/07/80 
25/07/80 
01/08/80 
07/08/80 
30/08/80 
01/09/80 
14/09/80 
27/09/80 
01/10/80 
15/10/80 
01/11/80 
06/11/80 
20/11/80 
01/12/80 
30/12/80 
01/01/81 
23/01/81 

8.62 

7 .67 

6 .05 
6 .05 

8. 66 
8. 66 

7 .90 
7 .90 

7 .94 
7 .94 

13. 14 
13. 14 

14 .76 
14.76 

15. 52 
15. 52 

13. 54» 
13. 54» 

12 .40 

7 .49 
7 .49 

9 .47 

8 .62 

3. 64-

2.37 

8. 31 
2 .26 

2. 03 
3. 28« 

1.92 
2. 29 

2 .04 
2 .04 

2. 30 
2. 83 

2 .73 
2. 21 

1 . 91 -
2. 00 

2 .73 
2 .82 

1.69 

1.00 
2 .49 

3. 64-

2. 37 

1550 

4940 

1250 

1240 
1430 

1340 
1140 

1440 
1810 

1730 
1430 

1290 

1760 
1790 

1130 

650 
1570 

1550 

7 . 4 

7 . 9 

7 . 4 
7 . 2 

7 . 8 
7. 5 

7. 5 
7 . 6 

7. 7 
7. 2 

7. 8 
7. 6 

7. 7 
7 . 6 

7. 5 
7 . 4 

7. 5 
7 . 6 

7 . 6 

7. 5 
7. 2 

7 . 4 

7 . 9 

7 . 4 

13. 1 

6 . 5 

6. 1 
6 . 0 

7. 7 
5. 5 

7. 8 
8 . 9 

8. 1 
7 . 0 

6 . 4 

8 . 6 
7 . 6 

2. 5 

2 . 9 
6. 5 

7 . 4 

17 .4 

3 5 . 4 

14 .3 

13 .6 
14 .0 

16 .9 
12 .2 

17 .9 
21. 0 

19. 5 
16 .8 

15 .2 

20 .7 
19 .2 

6 . 5 

6 .1 
16.7 

17 .4 

0. 0 

0 .0 

0 . 0 

0 .0 
0 .0 

0 .0 
0 . 0 

0. 0 
0. 0 

0 .0 
0 . 0 

0 .0 

0 .0 
0 . 0 

0 .0 

0 .0 
0 .0 

0 . 0 

4 . 8 

4. 8 

11. 7 
0. 2 

5 .9 
5 .4 

3 . 4 
4. 5 

4 . 4 
2 .7 

2 .6 
3 . 0 

4 . 7 
4. 2 

4 . 2 
3. 2 

3. 2 
3 . 9 

5. 2 

3 . 2 
4 . 8 

4. 8 

4. 8 

5 . 6 

3 . 4 

18.8 
2. 3 

1. 5 
6 .0 

4 . 4 
5 .0 

2. 1 
4 . 6 

4 . 9 
6 .2 

4 . 8 
3 . 8 

4 . 3 
4 . 4 

5 .6 
6 . 6 

5 .8 

1 .8 
5 .3 

5 . 6 

3 . 4 

3 2 . 0 

15 .0 

51. 1 
15.7 

12. 5 
20 .0 

12 .0 
13 .0 

13 .8 
10 .5 

15 .2 
19 .0 

17 .7 
14 .0 

10. 7* 
12 .4 

18 .0 
17 .5 

5 . 8 

4 . 6 
14 .6 

24 .8» 

15 .0 

0 . 6 

0 . 4 

1 .4 
0 .3 

0. 2 
0. 2 

0. 2 
0 . 2 

0 . 2 
0 . 4 

0 . 3 
0 . 2 

0 . 3 
0 . 2 

0 . 2 
0 . 2 

0 . 3 
0 . 2 

0. 1 

0 . 4 
0 . 2 

0 . 6 

0 . 4 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0. 0 
0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 

0 . 0 

4 . 7 

4 . 5 

5 .0 
4 . 3 

3. 5 
3 . 8 

3 . 6 
4 . 0 

4 . 0 
3. 6 

4. 2 
4 . 6 

4. 7 
5. 1 

5 .2 
5. 1 

5. 1 
5 . 6 

6 . 4 

3 . 2 
6 . 4 

4. 7 

4. 5 

16.2 

7 . 8 

14 .2 

5.2» 
4 . 3 

5 .8» 
5. 2 

6. 1 
3. 1 

3. 8 
8. 7 

5 .3 
4. 1 

1.2» 
2 . 3 

8 .7 
6. 0 

1. 5» 

2. 3» 
1.5 

9.0» 

7 . 8 

22. 1 

11.3 

63 .8 
15 .8 

11 .4* 
23. 5 

10.6» 
13.5 

10.4 
11. 5 

15.0 
15. 1 

17.5 
13.0 

13 .0 
12.8 

13. 3 
16 .6 

9.0» 

4 . 5* 
17.0 

22. 1 

11 .3 

* preliminary corrected data 



5. 10. WE 10, calculation sheet with prel iminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remark! 

1980 

Edko drain 

WE 10 

Water quality data of Jan. - Febr. 
are from 1981 

Waterdepth 

Pendulum constant 

Float constant 

Calibration . ( D ) • 

D 
(AH) 
(m) 

TDS 

(ppm) 

pH adj. RSC C» 

SAR 

M j 

30/12/80 
01/01/80 

1/01/80 
20/01/81 
III/01/80 
01/02/80 
03/02/81 
08/02/81 
11/02/80 

25/02/81 
01/03/80 

1/03/80 
12/03/80 
24/02/80 
01/04/80 
09/04/80 
11/04/80 

22/04/80 
01/05/80 

1/05/80 
13/05/80 
21/05/80 
01/06/80 
04/06/80 
14/06/80 
III/06/80 
01/07/80 
02/07/80 
16/07/80 
III/07/80 
01/08/80 
02/08/80 
18/08/80 
111/08/80 
01/09/80 
02/09/80 
18/09/80 
27/09/80 
01/10/80 

1/10/80 
13/10/80 
IH/10/80 
01/11/80 
02/11/80 
16/11/80 
IH/ll/80 
01/12/80 
03/12/80 
17/12/80 
30/12/80 
01/01/81 

1/01/81 
20/01/81 

6.37 4750 7.9 19.0 47. 3 0. 0 3. 7 12. 8 54. 6 22. 6 44. 5 

1. 91 
2. 45 
1. 64 

2. 18 
2. 18 
1.96 
1.86 

1.42 
2. 60 
5.64 

4.42 
4.46 
4. 62 

5. 05 
5.47 
4.99 

6. 35 
6. 06 
6. 81 

8. 95 
8. 84 
8. 93 

9. 42 
9.09 
8. 94 

10. 28 
10. 29 
10. 03 

7. 09 

5. 98 
5. 22 

5. 19 
6.24 
5. 41 

4.91 
2. 6 0 „ 
2. 44 

1. 91 
2.45 

7. 55 

13. 29 
4. 75-

6.43* 

7. 82 
3.91 

4. 93 

4.67 

3. 83 
3. 74 

3. 15 
4.30 

4.00 
3. 55 

3.45 
3. 28 

2.91 
3. 28 
3. 28 

3. 55 

4. 00 
4. 55 

5. 00 
6. 55 
6.37 

7. 55 

5500 

9620 

4900 
2540 

3450 

2960 

2290 
2280 

1910 
2580 

2630 
2280 

2160 
2080 

1950 
2070 
2110 

2200 

2510 
2940 

3170 
4610 
4750 

5500 

7.4 

8.0 
7.0 

6.9 

7.7 
7.2 

7.4 

7. 7 

7. 7 
6. 7 

7. 6 
7.9 

7.6 
7.8 

7.7 
7.6 

7.4 
7. 6 
7.7 

7. 5 

7. 5 
8.0 

7.4 
7. 1 
7.9 

7.4 

25. 5 

23. 2 

19.0 
13. 1 

14. 8 

21. 8 

9.4 
9. 2 

6.9 
10. 1 

10. 1 
11.7 

10.9 
9.9 

10. 4 
10. 5 

7.8 

8. 8 

9.4 
10. 8 

15.6 
19. 5 
19. 0 

25. 5 

69. 9 

68. 1 

48.7 
35. 1 

37. 0 

42. 5 

24. 1 
23.7 

17.2 
24.4 

27. 5 
29. 6 

27. 5 
24.9 

25.4 
25.8 
20.8 

23.8 

25. 5 
27.7 

37.7 
48. 1 
47.3 

69.9 

0. 0 

0. 0 

0.0 
0. 0 

0. 0 

0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0.0 
0. 0 

0. 0 
0. 0 
0. 0 

0. 0 

0.0 
0.0 

0. 0 
0. 0 
0.0. 

0.0 

3. 8 

16.4 
6.5 

6.5 

6. 8 
4. 5 

4. 5 

3. 2 

4. 7 
7. 1 

3.8 
3.0 

5. 1 
5. 1 

4.7 
3.7 

4. 6 
3.4 
4.7 

4. 7 

4. 5 
6.8 

4. 2 
5.2 
3. 7 

3. 8 

11.3 

27. 1 
20.8 

11.4 

13.2 
5.5 

10.2 

3.4 

8. 8 
6.4 

8.8 
11. 7 

9.3 
4.4 

5.3 
6.9 

3.9 
6. 1 
8.3 

8.3 

9.5 
8.7 

7.3 
10. 1 
12.3 

U.3 

70. 0 

108.0 
28.0 

44.0 

60. 0 
29.4 

40. 0 

39. 6 

24.4 
24. 0 

17.2 
27. 5 

27.0 
25.5 

24.3 
22.2 

21.4 
22.9 
20. 0 

22. 5 

25.0 
30. 0 

37. 5 
54. 0 
54. 6 

70. 0 

0.9 

0.9 
0.7 

0.6 

1. 0 
0. 8 

0.8 

0. 6 

0. 4 
0.2 

1. 8 
1. 1 

0.6 
0.6 

0.2 
0.6 

0. 4 
0. 5 
0.4 

0. 2 

1. 1 
0. 2 

1. 1 
0.8 
0. 7 

0.9 

0.0 

0.0 
0.0 

0.0 

0. 0 
0. 0 

0. 0 

0. 0 

0. 0 
0.0 

0.0 
0. 0 

0.0 
0. 0 

0. 0 
0.0 

0. 0 
0.0 
0.0 

0. 0 

0. 0 
0.0 

0. 0 
0. 0 
0.0 

0. 0 

10. 0 

8. 2 
7.3 

5.0 

5.0 
9.6 

5.0 

2. 8 

5. 6 
5. 6 

4.8 
3.7 

8.0 
6.8 

6. 5 
6. 1 

5.9 
5.6 
6.8 

7. 8 

Î. 4 
5.3 

4. 8 
4. 7 
4. 7 

10. 0 

27. 4 

44.9» 
16.4 

6.7 

14.6 
0. 4 

15.0 

15.0 

* 
7. 1 
1.9 

6.1* 
6. 2 

6.4 
6.3 

4. 1 
6.4 

6. 5 
5.9 
6. 3 

1.6 

6.3, 
9.5 

15.9. 
19.5, 
22.6* 

27.4 

48. 6 

99.3* 
32.3 

50.8 

61.4 
30. 2 

35.5 

29.0 

25.6* 
30.2 

* 
20.7 
33.4 

27.6 
22.5 

23.9 
20.4 

17.9 
21.4 
20. 3 

26.3 

26.4, 
30.9 

29.4, 
45.9, 
44.5 

48. 6 

preliminary corrected data ** estimated (missing) data 



5. 11. WE 11, calculation sheet with preliminary corrected data 

Observation year 

Catchment area 

Measurement point 

Remarks 

Edko drain 

WE 11 

Water quality data of Jan- Febr. 
are from observation year 1981 

Wate rdepth 

Pendulum constant 

Float constant 

Calibration 

C « „ 
P 

CD * - + -

Q ' - ( D 

3 0 / 12 /80 
01 / 01 /80 

1/01/80 
20/01/81 
111/01/80 
01/02/80 
03/02/81 
08/02/81 
11/02/80 

25/02/81 
01/03/80 

1/03/80 
12/03/80 
24/03/60 
01/04/80 
09/04/80 
11/04/80 

22/04/80 
01/05/80 

1/05/80 
13/05/BO 
21/05/80 
01/06/80 
04/06/80 
14/06/80 
111/06/80 
01/07/80 
02/07/80 
16/07/80 
111/07/80 
01/08/80 
02/08/80 
18/06/80 
111/06/80 
01/09/80 
02/09/80 
18/09/80 
27/09/80 
01/10/80 

1/10/80 
13/10/80 
III/10/80 
01/11/80 
02/11/80 
16/11/80 
111/11/80 
01/12/80 
03/12/80 
17/12/80 
30/12/80 
01/01/81 

1/01/81 
20/01/81 

D 
(6H) 
<m) 

TDS pH SAR adj. RSC Ca 

(ppm) SAR 

M g 

2. 01 
3. 09 
1. 93 

2. 53 
2. 53 
4. 17 
4. 78 

4. 69 
8. 23 
7. 75 

8. 01 
9. 78 
9. 78 

9. 61 
10. 27 

6. 08 

9. 06 
5. 87 

11. 02 

10. 71 
10. 96 

7. 47 

7. 28 
11. 45 
11. 38 

11. 60 
11. 10 

9. 18 

10. 87 
5. 61 
5. 25 

3. 63 
4. 55 
5. 15 

5. 05 
4. 46 
4. 16 

2. 01 
3. 09 

3. 37 2280 7. 6 

28.21 20560 7 .0 

22. 75 , 14830 
12. 56 

2. 53 1380 
2.21 1460 

2.55 1590 

1.79 1160 

1.96 
1. 87 

1.21 
2. 04 

1.87 
1.41 

1.67 
2. 18 

1170 
1230 

780 
1280 

1230 
950 

1.65 1080 
1. 57 1040 

1.53 1010 
1.82 1210 
2.00 1290 

1110 
1450 

2.00 1350 
3. 64 2340 
3.37 2280 

7. 6 
7. 5 

7 . 2 

7 . 7 
7 . 4 

7 . 4 

7 . 9 

7 . 9 
6 . 7 

7. 4 
7 . 9 

7. 6 
7. 6 

7. 2 
7. 3 

7 . 4 
7. 8 
7 . 3 

1.82 1150 8 .4 

7 . 2 
7 . 8 

7. 5 
7. 1 
7. 6 

11 .4 26 .8 0 . 0 3 . 2 

57 .8 166.0 0 .0 11 .0 

37 .2 112.9 0 .0 

8. 4 
7. 7 

7. 5 

6. 3 

5. 1 
4 . 2 

2. 4 
4. 0 

5. 5 
4. 7 

5. 3 
4. 9 

17 .4 
19. 3 

17 .4 

13 .0 

0. 0 
0. 1 

0. 0 

0. 0 

12.0 0 . 0 
10. 6 0. 0 

5. 7 
9 .4 

13. 8 
11. 1 

12. 7 
11. 6 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

20 . 4 
10 .4 

3 . 0 
3. 5 

3 . 8 

3 . 4 

3. 7 
7 . 4 

3. 5 
5. 0 

4. 1 
2. 0 

3. 2 
3. 7 

3. 9 9. 6 0. 0 3. 7 
6. 0 14. 5 0. 0 S. 7 
5 .4 13 .3 0 .0 4 .2 

5 . 0 12 .0 0 .0 4 . 2 

5 . 0 12 .2 0 .0 3 .7 
5 .5 13 .3 0 .0 4 . 0 

6 .7 15 .5 0 .0 3 .2 
11. 1 28. 1 0. 0 4. 8 
11 .4 26 .8 0 .0 3 . 2 

6. 9 25. 6 

36. 0 280. 0 

30. 6 188. 0 
1 6 . 4 9 5 . 0 

3.7 15.3 
3 .6 14.6 

5 .3 16 .0 

3 .1 11.4 

4. 3 
2. 0 

3. 7 
5. 7 

10.2 
9 .2 

4. 6 
9. 2 

3. 5 10. 7 
3. 8 8. 0 

3. 4 
2. 8 

3. 8 7. 5 
1.1 11 .0 
4 .3 11.2 

0 . 9 
3. 0 

0. 3 
0. 5 

0. 5 

0 . 2 -

0 . 4 
0 . 2 

0.2 
0. 5 

0 . 4 
0. 3 

0. 2 
0 . 4 

10.7 21 .2 

8 .5 116.3 204.9 

0. 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 

0 . 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0. 0 
0. 0 

10. 8 
6. 5 

3. 0 
7 . 2 

4. 0 

2 . 8 

4 .4 
5. 2 

4. 4 
3. 6 

6. 8 
5. 8 

5.4 
5. 3 

73.1 156.0 
14.3 104.0 

3. 5 
1. 5 

2. 1 
3. 5 

1.4 
5 .4 

0 .4 
1.4 

1.7 
1. 7 

15. 8 
13. 5 

4 . 6 17 .0 

5. 3 10. 0 

12. 1 
10. I 

6 .2 
11 .4 

11. 5 
6 . 9 

9 . 4 
8. 7 

0. 4 0. 0 5. 9 0. 8 8. 7 
°- * 0 .0 6. 0 1.5 10. 7 
° -3 0 .0 5 .2 3 . 5 11 .3 

3 . 8 1 0 . 0 0 . 2 0 . 0 4 . 8 1 .2 1 2 . 2 

3 .3 9 .3 0 .4 0 .0 6 .2 1 . 6 . 8 . 9 . 
5 .5 12 .0 0 .5 0 .0 4 . 6 5 .0 12 .4 

3 .9 12.7 0 .4 0 .0 4 .4 4 . 5 * 11 . 3* 
6. 2 26. 0 0. 5 0. 0 6. 2 5. 3 26. 0 
6 .9 25 .6 0 .5 0 .0 4 . 3 10.7 21 .2 

28.21 20560 7 .0 57 .8 166.0 0 .0 11 .0 36 .0 280 .0 2 .7 0 .0 8 . 5 116.3 204 .9 

* pri l iminary corrected data 



Annex 6: CALCULATION SHEETS AFTER DATA CHECKING AND INTERPOLATION 

6. 1. FB 03, Batts drain at Furgus 

6. 2. FB 04, Roda drain 

6. 3. EB 07, Bahr Baqar drain at 'Kubri Saud' 

6.4. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadus' 

6.5. EH 13, Bahr Hadus drain at 'Outfall' 

6. 6. MG 09, pump station No. 4 

6. 7. WE10, Edko pump station 

6. 8. WE 11, Bosseili pump station 



6. 1. FB 03, calculation sheet after data checking and interpolation 

Observation year 

Catchment 

Meaaurem 

Remark! 

Data 

23/12/79 
01 /01/80 
09 /01 /80 
23 /01/80 
01 /02/80 
06 /02/80 
24/02/80 
01 /03/80 
14/03/80 
01 /04/80 
04/04/80 
18/04/80 
30 /04/80 
01 /05/80 
18/05/80 
01 /06/80 
02 /06/80 
28 /06/80 
01 /07/80 
11/07/80 
25 /07/80 
01 /08 /80 
01 /09 /80 
17/09/80 
01 /10/80 
11/10/80 
01 /11/80 
04 /11 /80 
09 /11/80 
01 /12/80 
17 / f2 /80 
01/01/81 
17/01/81 

area 

ent point 

P 

9 
8 

14 
9 
5 

18 
6 

13 
18 
3 

14 
12 

1 
17 
14 

1 
26 
3 

10 
14 
7 

31 
16 
14 
10 
21 

3 
S 

22 
16 
15 
16 

D 
(*H) 
(m) 

1.40 

1. 58 
0.51 

0 .46 
1. 69 

1. 16 

1.08 
1.08 
1. 11 

1.03 

0.85 
0. 94 

0 .86 
1.02 

1. 38 

1.22 

0.91 
1. 12 

1.21 

1.16 

: 1980 

f Batta drain 

: FB 03 

A 

(m 2 ) 

11 .06 

12. 86 
3. 08 

2. 78 
13. 96 

8. 66 

7. 86 
7 .86 
8. 16 

7. 36 

5. 56 
6 .46 

5. 66 
7. 26 

10. 86 

9 .26 

6. 16 
8. 26 

a 
9. 16 

8 .66 

V 

(m/a ) 

0. 273 

0. 336 
0. 198 

0. 233 
0. 346 

0. 367 

0. 470 
0. 409 
0. 452 

0 .451 

0. 380 
0 .428 

0, 383 
0 .345 

0. 313 

0, 291 

0. 338 
0. 308 

0 .353 

0 .375 

»P 

(m/a ) 

. 

. 

. 

. 

. 

. 
1. 353 
0. 622 
0. 698 

0 .762 

. 0. 597 

0. 579 
0. 540 

0. 568 

0. 478 

0. 528 
0 .475 

0. 598 

0 .624 

Q 

( m 3 / . ) 

3. 39 
3. 61 
3. 80 
0. 54 
0. 56 
0. 57 
4. 25 
3. 79 
2. 79 
2 . 5 8 , 
2. 55 
2 . 7 1 , 
2 .58* 
2 . 5 7 , 
2 .40 
1 . 6 2 , 
1. 5 6 , 
1. 71 
1. 74 
1.82 
2. 17 
2. 33 
3 . 05 
3. 42 
3 . 2 6 , 
3. 15 
1.97 
1. 80 
2. 17 
2. 67 
3. 03 
3 .01 
2 .99 

EC 

1. 18 

1 . 4 5 , 
4. 83 

4 . 1 7 , 
1. 09 

1.43 

1. 28 
1.45 
1.22 

1.51 

1.24 
1. 33 

1 . 7 8 , 
1.35 

1.31 

1. 66 

1. 68 
1. 58 

2. 00 

2 .37 

TDS 

(ppm) 

800 

940 

3140 
640 

950 

870 
990 
810 

1000 

840 
900 

1260 

910 

1130 

1180 
1070 

1380 

1490 

PH 

8 .0 
8. 1 
8. 3 
7 .4 
7 .4 
7 . 4 
7. 6 
7 . 6 
7. 8 
7. 5 
7. 5 
7, 4 
7. 6 
7. 6 
8. 0 
7 . 8 
7. 8 
7. 3 
7 . 4 
7. 7 
7 .5 
7. 5 
7 . 6 
7 .6 
7. 7 
7 .9 
7 . 9 
7 . 9 
7. 8 
7 . 4 
7 .3 
7 .3 
7. 3 

Waterdepth 

Pendu ilum constant 

Float constant 

Calibration 

SAR 

3 . 3 

2. 7 

8. 8 
3 .7 

3 . 3 

4. 5 
4 . 9 
4 . 4 

5 .3 

4 . 3 
3. 8 

7 . 9 

4 . 9 

5 .0 

5 .3 
4. 8 

5 .9 

5 .4 

adj. 

SAR 

7 . 8 

6 . 4 

25. 3 
7. 5 

8. 1 

9 . 6 
10 .9 
9 . 6 

11. 7 

9. 8 
8 .7 

17. 1 

11 .3 

12. 5 

13 .4 
11 .7 

13 .0 

13 .3 

RSC 

0 .0 

0. 0 

0. 0 
0. 0 

0. 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 

0 . 8 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

: D « 3 

: c » 
P 

: C D * 

: Q » 

Ca 

3. 1 
3 . 4 
3 . 6 
6 .6 
7 .8 
8. 5 
2. 6 
3. 0 
4. 5 
4 .1 
4 . 0 
3 . 0 
2 .6 
2 . 6 
3 . 0 
3. 7 
3 . 8 
4. 5 
4 . 3 
3 . 6 
3. 2 
3 . 2 
3 .2 
3 .2 
3 . 5 
3 .7 
3 .7 
3 .7 
3 .9 
4. 1 
4 . 2 
4 . 4 
4 . 6 

i. 88 - Hm 

0. 630 

0. 879 

Mg 

2. 7 
4 .2 
5 .3 

10. 1 
11. 1 
11. 7 

1.4 
1. 8 
3. 1 
1 .5 
1.2 
3 . 2 
2 .4 
2 .4 
2 .7 
1. 5 
1.4 
1.8 
1 .8 
1.8 
2 .4 
2 . 3 
1.9 
1.8 
2 .6 
3 . 3 
3 . 3 
3 . 3 
2 . 8 
3 . 5 
3 . 8 
5 .0 
6 .3 

+ 

.. ( D „ 

Na 

5. 6 
5 .6 
5. 6 

35 .0 
30 .4 
28. 0 

5. 2 
5. 5 
6. 5 
7 . 2 
7. 3 
8. 6 
7 . 0 
7. 1 
9 . 0 
7 .2 
7 .0 
6 .7 
8 .2 

13 .0 
7 . 8 
7 . 8 
7 .7 
7 .7 
8 .6 
9 .3 
9 .9 

10 .0 
8 .7 

10.7 
11.7 
12. 1 
12 .5 

D 

) 

K 

0. 3 
0. 2 
0. 1 
0. 7 
0 .7 
0. 7 
0 .4 
0. 3 
0. 1 
0. 3 
0. 3 
0. 2 
0. 2 
0 . 2 
0 .3 
0 . 2 
0. 2 
0. 3 
0 .3 
0. 2 
0. 2 
0 . 2 
0 .4 
0 .4 
0. 3 
0. 2 
0 . 2 
0 . 2 
0 .2 
0 . 3 
0 .4 
0 .3 
0 . 2 

C 0 3 

0. 0 
0 .0 
0. 0 
0. 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0 .0 
0. 0 
0. 0 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0 .0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

H C 0 3 

5. 5 
4. 8 
4. 2 
5.3 
7 . 6 
8 .8 
3. 5 
3 . 9 
5. 2 
3 . 8 
3. 5 
4. 0 
4. 0 
4 . 0 
4. 0 
4 . 7 
4. 8 
4 . 4 
4 . 3 
4. 1 
2. 1 
2 . 8 
5 . 0 
5 .8 
6. 5 
7 .0 
7. 0 
7 .0 
6 .4 
4 . 4 
3 . 4 
4. 1 
4. 8 

so4 

0. 6 
2 . 2 
3 . 4 

17 .0 
16 .3 
16. 1 
0 .8 
1.2 
2 .8 
3 . 8 
3 . 9 
4 . 0 
2 . 2 
2 .3 
4 . 4 
1 .3 
1 .0 
3 . 3 
4 . 4 
7 . 6 
5 .8 
4 . 9 
2 .2 
1.2 
1.7 
2. 1 
2 . 7 
2 .8 
3 . 0 
5 .6 
6 .8» 
5 .9 
5 .0 

CI 

5 .6 
6 .4 
7 . 0 

30. 1 
26. 1 
24. 0 

5 .3 
5 .5 
6. 2 
5. 5 
5 .4 
7. 0 
6 . 0 
6. 0 
6 . 6 
6. 6 
6 . 6 
5 .6 
5 . 9 
6 .9 
5 .7 
5 . 8 
6 . 0 
6. 1 
6 . 8 
7 .4 
7 . 4 
7 .4 
6 .2 
8. 6 
9 . 9* 

11 .8 
13 .8 

* corrected or est imated data 

6. 2. EB 04, calculation sheet after data checking and interpolation 

Observation year 

Catchment 

Measuremi 

Remarks 

Date 

17/12/80» 
01/01/80 
09 /01/80 
23 /01/80 
01/02/80 
06 /02/80 
24/02/80 
01/03/80 
14/03/80 
01/04/80 
04 /04/80 
18/04/80 
30/04/80 
01 /05/80 
18/05/80 
01/06/60 
02 /06/80 
28 /06/80 
01/07/80 
11/07/80 
25/07/80 
01/08/80 
01 /09/80 
17/09/80 
01/10/80 
11/10/80 
01/11/80 
04/11/80 
09/11/80 
01/12/80 
17/12/80 
01/01/81 
17/01/81 

area 

ent point 

P 

15 
S 

14 
9 
5 

18 
6 

13 
18 
3 

14 
12 

1 
17 
14 

1 
26 

3 
10 
14 
7 

31 
16 
14 
10 
21 

3 
5 

22 
16 
15 
16 

D 
(ÛH) 
(rn) 

0 .93 

0 .55 
0.01 

- 0 . 0 2 
0.67 

0.44 

0 .44 
0. 50 
0. 51 

0 .45 

0. 15 
0 .20 

0 .22 
0 .35 

0 .95 

0 .90 

0 .76 
0 .75 

0 .93 

0 .88 

1980 

? Batta drain 

: FB 04 

A 

(m 2 ) 

6 .01 

3 .35 
0 .45 

0 .33 
4 . 19 

2 .65 

2 .65 
3 .01 
3 .07 

2 .71 

1. 15 
1 .40 

1. 50 
2. 15 

6. 15 

5 .80 

4. 82 
4 , 75 

6.01 

5. 66 

v vp 

( m / s ) ( m / s ) 

0. 668 

0. 865 
0. 264 

0 . 454 
1. 143 

1. 159 

1. 014 
0 .901 
0. 901 

0. 911 

0. 807 
0 . 675 

1. 112 
0 .777 

0. 587 

0 .686 

0. 691 
0. 742 

0. 668 

0 .661 

Q 

(m3/e) 

4.01 
4 . 2 1 , 
4 .31 
0. 12 
0. 14 
0. 15 
4. 79 
4 . 25 
3 .07 
2. 74 
2 .69 
2. 71 
2 .77 
2. 75 
2 .47 
1. 03 
0 .93 
0 .95 
1 . 0 0 , 
1. H * 
1.67 
1.92 
3 .04 
3 .61 
3 .83 
3. 98 
2 . 4 0 , 
2. 17 
3. 52 
3 .60 
4 .01 
3 .88 
S. T4 

EC 

2. 18 

2.47 
8 .42 

8. 25 
1.87 

2 .13 

1.87 
1.42 
1.44 

1.48 

2 .38 
2 . 72 

2. 81 
2. 73+ 

2 .28 

2. 18 

2. 22 
2 .27 

2. 18 

3 . 35* 

TDS 

(ppm) 

1530 

1590 
5980 

6160 
1250 

14.00 

1240 
930 
970 

970 

1570 
1770 

1820 

1520 

1490 

1520 
1530 

1530 

pH 

7. 2 
7 .6 
8 .4 
7 .4 
7. 5 
7 . 6 
7 .6 
7 .7 
7 .9 
7. 5 
7. 5 
7 . 4 
7. 6 
7 . 6 
7. 9 
7 . 9 
7 .9 
7 . 4 
7 .4 
7 . 4 
7 . 4 
7 .5 
7 . 6 
7 .7 
7 . 9 
8 .0 
8 . 0 
8 .0 
7 .9 
7 . 4 
7. 2 
7 .2 
7 . 2 

Waterde tpth 

Pendulum conatant 

Float conatant 

Calibration 

SAR 

8 .3 

5 .4 
16.8 

18 .2 
4 .9 

3 .7 

4 . 9 
4 . 9 
6 .5 

5 .2 

7 . 0 
8 . 2 

10. 5 

8 .2 

6 .2 

6 .4 
6 .3 

8 .3 

»dj. 

SAR 

18.2 

13. 5 
4 9 . 3 

4 9 . 6 
11 .7 

10. 1 

11 .6 
10 .8 
13.7 

12 .0 

17 .2 
1 9 . 8 

2 3 . 9 

19 .0 

15 .8 

16 .4 
15 .9 

18 .2 

RSC 

0. 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0. 0 
0. 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 

0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 

: D * 
: c * 

P 
! C D ' 

: Q » 

Ca 

3. 2 
4 .7 
5 .4 
6. 8 

12 .3 
14. 8 

5 .2 
5 .2 
5. 0 
5 .0 
5. 0 
3. 0 
2 .6 
2 . 6 
3 . 0 
5 .0 
5 .4 
4 . 7 
4 . 6 
4. 2 
4 . 7 
4 . 6 
4 . 3 
4 .2 
5 .2 
5 .8 
5 . 8 
5 .8 
5. 5 
4. 1 
3 . 2 
4. 5 
5 .9 

4. 04 - 1 

Mg 

3 .4 
5 .2 
6. 1 

23. 1 
16 .4 
13 .4 

3. 3 
4. 1 
6 .9 
3. 8 
3 . 2 
2. 7 
1.9 
1.9 
2 .7 
3 . 3 
3 . 4 
4. 5 
4. 1 
3 . 0 
4 . 3 
3 . 9 
3 . 0 
2. 8 
2 . 9 
3 . 0 
3 . 0 
9 . 0 
3. 5 
3 . 4 
3 . 4 
3 . 5 
3 . 6 

-lm 

+ 

- ( D . 

Na 

15 .0 
13 .7 
13 .0 
6 5 . 0 
67 .4 
68. 5 
10. 2 
10 .8 
12 .7* 
10 .4 
10 .0 
8 . 3 
9. 8 
9 . 8 
8. 8 

13 .7 
14. 6 
1 7 . 6 
18 .2 
20. 0 
16. 2 
16 .0 
15 .5 
15 .4 
13 .9 
13 .0 
13 .4 
13. 5 
13 .3 
14. 3 
15. 0 
18 .3 
22. 0 

0 

) • 

K 

0 .4 
0 . 3 
0 . 2 
0 .7 
0 . 6 
0 . 6 
0 . 4 
0 . 4 
0. 2 
0 . 4 
0 . 4 
0 . 2 
0 .2 
0 .2 
0 .2 
0 .3 
0 .3 
0 . 4 
0 . 4 
0 . 4 
0. 2 
0 . 2 
0 . 4 
0 . 4 
0 .3 
0. 2 
0 .2 
0. 2 
0 . 4 
0 . 4 
0 . 4 
0 . 4 
0 . 4 

CO, 
3 

0 .0 
0 . 0 
0 .0 
0 .0 
0 . 0 
0 . 0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 . 0 
0 .0 
0 . 0 
0 .0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 .0 
0 .0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 .0 
0 .0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

HCO-
3 

4. 0 
4 . 5 
4 . 7 
9 .3 
6 . 9 
5. 8 
4 . 4 
5 .0 
7 .2 
4 . 7 
4 . 2 
4 . 0 
4 . 0 
4. 1 
5 .2 
5 .5 
5 . 6 
5 . 0 
4 . 9 
4. 5 
4 . 4 
4 . 5 
4 .7 
4. 8 
6 . 0 
6 .7 
6 .7 
6 .7 
6 .4 
4 . 9 
4 . 0 
4 . 4 
4. 8 

SO. 
4 

i4 . 3 
10 .6 
8 .7 

33. 2 
3 7 . 9 
40. 1 

5 .6 
6 - 4 . 
8. 5 
7 . 4 
7 . 2 , 
4 . 2 
3 . 3 
3 . 2 , 
3. 2 
6 . 9 
7 . 5 
9 . 0 
9 . 3 

10. 2 
8 . 5 
8 . 4 
8 . 3 
8 .3 
7 . 0 
6 . 2 
6 . 6 
6 .7 
7 . 2 

'•*. 7 . 9 
8 .2 
8 . 5 

Cl 

i r 8 .8 
11 .3 
53. 1 
51 .9 
5 1 . 4 

9. 1 
9 .1 
9. 1 
7. 5 
7 . 2 , 
6 . 0 
7 . 2 
7 . 2 . 
6 .3 
9 . 9 

1 0 . 6 
1 3 . 2 
13. 1 
12 .9 
12 .5 
11 .8 
10 .2 
9 .7 
9 . 3 
9. 1 
9 . 1 
9. 1 
9. 1 
9 . 7 , 

10 .1 
14.1 
1 8 . 6 

* corrected or estimated data 



6. 3. EB 07, calculation sheet, after data checking and interpolation 

Observation year 

Catchment area 

Measurement po 

Remarks 

Date 

20 /12/79 
01 /01 /80 
06 /01 /80 
27 /01 /80 
01 /02/80 
10 /02/80 
25 /02 /80 
01 /03 /80 
09 /03 /80 
23 /03/80 
01 /04 /80 
13/04/80 
20 /04 /80 
01 /05/80 
04 /05 /80 
26 /05 /80 
01 /06 /80 
03 /06 /80 
15/06/80 
29 /06/80 
01 /07/80 
16/07/80 
31 /07/80 
01 /08/80 
18/08/80 
01 /09/80 
22 /09/80 
01 /10/80 
04 /10/80 
27 /10 /80 
01 /11 /80 
11/11/80 
24 /11/80 
01 /12 /80 
07 /12 /80 
25 /12/80 
01/01/81 
07/01/81 

P 

12 
5 

21 
5 
9 

15 
5 
8 

14 
9 

12 
7 

11 
3 

22 
6 
2 

12 
14 
2 

15 
15 

1 
17 
14 
21 
9 
3 

23 
5 

1. 
7 
6 

17 

a 6 

int 

D 
( H) 
(m) 

3. 27 

3 .04 
2 .92 

2 .74 
3. 05 

2 .96 
2 .91 

2 .84 
2 .81 

2 .81 
2. 88 

2 .90 
2. 86 
2. 88 

2 .95 
3. 08 

. 
3.22 

3. 18 
3 .09 

3 .04 
3. 10 

3 .07 
3. 32 

3 .03 

t 1980 

? Bahr 

: EB 

A 

(m 2 ) 

104. 97 

93. 52 
87. 54 

79. 04 
94. 01 

89. 53 
87 .04 

83 .66 
82 .22 

82 .22 
85 .57 

86. 54 
84. 61 
85. 57 

89 .03 
95.51 

. 
102.48 

100. 49 
96.01 

93. 52 
96. 50 

95.01 
107.46 

93 .03 

baqar I 

07 

V 

(m/ s ) 

0 .424 

0.387 
0 .453 

0. 382 
0. 448 

0. 460 
0 .313 

0.447 
0. 532 

0 .397 
0 .313 

0 .388 
0 .465 
0. 464 

0 .402 
0 .403 

. 
0.357 

0 .396 
0 .302 

0.471 
0 .325 

0 .318 
0 .373 

-

rain 

»P 

( m / s ) 

U. 607 

0. 562 
0. 554 

0. 522 
0.827 

0. 543 
0. 539 

0. 537 
0. 725 
0. 684 

0. 661 
0. 715 

-
0. 551 

0. 599 
0. 536 

0 .726 
0. 522 

0 .411 
0 .449 

0 .486 

a 

( m S / . ) 

42 .26 
32. 77 
28. 32 
28.40 
24, 69 
18. 00 
33. 81 
32. 57 
30. 59 
26.27» 
25.64 
24.79 
22. 22» 
21 .25 
20. 98 
23. 13» 
23 .48 
23.60 
26. 60 
27.38 
27 .26 
26. 35 
31.67 
31. 50 
28. 52» 
30. 52 
33. 52 
34 .93 
35 .40 
24.05 
27 .72 
35.07 
26. 23 
25. 38 
24. 66 
39.40 
30.61 
24 .02 

EC 

1. 02 

1. 18 
1.46 

1.45 
0 .99» 

1. 17 
1. 28» 

1 .16 
1. 12 

1. 22 
1.00 

1. 07 
1 .04 
1. 13 

1, 36* 
1. 04 

1. 02 

1 .06 

1. 13 
1. 15 

1. 16 
1. 66 

1.47 
1 .40 

1.27» 

TDS 

(ppm) 

730 

820 
1010 

970 
580 

780 
1080 

770 
800 

820 
700 

760 
710 
710 

820 
720 

720 

750 

830 
760 

860 
1190 

1040 
970 

1030 

pH 

7. 1 
7. 2 
7. 2 
7. 6 
7 . 6 
7. 6 
7 .8» 
7. 8 
7. 7 
7; 5» 
7. 5 
7. 5 
7 . 3 
7 . 2 
7. 2 
7 . 4 
7. 1 
7. 0 
7. 4 
7 . 4 
7 . 4 
7. 3 
8. 1 
8. 1 
8. 6 
7 . 7 
7. 4 
7 .3 
7. 3 
7. 3 
7 . 4 
7 . 8 
7 . 4 
7 . 3 
7 . 3 
7. 9 
7 . 3 
7. 0 

Waterdepth 

Pendul um constant 

Float constant 

Calibration 

SAR 

3. 2 

3. 1 
3 . 0 

2 .9 
1.7 

0. 5 
3 .7 

2 .8 
3 .3 

3 . 9 
1.7 

2. 5 
2 .3 
2 .3 

5.7 
2 .7 

2 .3 

3 . 0 

2 .4 
1.6 

2 .4 
3 . 5 

2. 1 
4 . 4 

3 . 2 

adj. 

SAR 

7. 3 

7. 3 
7. 6 

7 .4 
3 . 8 

1 .4 
9. 9 

4 .7 
7 . 9 

8. 3 
4. 1 

6. 2 
5. 5 
5. 5 

11. 7 
6. 3 

5. 5 

7. 0 

6. 0 
3. 9 

6. 2 
8 . 9 

5. 6 
10. 5 

8. 1 

RCS 

0. 3 

0 . 0 
0 . 0 

0 . 0 
0. 0 

0. 0 
3. 5 

0 . 0 
0 .7 

0. 0 
0. 0 

1. 1 
0. 0 
0. 0 

0. 1 
0. 0 

0. 0 

0. 0 

0 . 4 
0. 0 

0. 0 
0 . 0 

0. 0 
0. 0 

0. 0 

: D = 

Ï c * 
P 

: C D ° 

: Q » 

Ca 

4. 4 
3 . 9 
3. 6 
4 . 6 
4. 6 
4. 7 
3 .2» 
3 .9 
5.2 
3. 7 
3 . 6 
3. 5 
3 . 0 
3. 2 
3. 2 
3. 2 
2. 7 
2 .6 
4 .4 
4 .4 
4. 1 
2 .2 
3 . 4 
3 . 4 
3. 2 
3. 2 
3 .2 
3 . 6 
3. 7 
4. 2 
4 .4 
4 . 6 
4. 6 
4 . 9 
5. 2 
3. 2 
2 . 9 
2. 5 

5. 02 - Hm 

- 1.23 

Mg 

0. 6 
1.7 
2. 4 
3. 8 
3. 7 
3 . 3 
2. 7» 
3 . 6 
5. 2 
3. 6 
3 . 4 
3. 1 
2 .7 
2 .5 
2 .4 
3 . 4 
3. 5 
3. 5 
1. 7 
1. 7 
1. 7 
1. 8 
2. 3 
2 . 3 
2. 9 
2. 7 
2 .4 
2 . 3 
2. 3 
3. 3 
3. 0 
2. 7 
3. 1 
4. 0 
4. 8 
3 . 0 
3. 8 
4. 8 

+ 0 

( D ..._ 

Na 

5 .0 
5 .2 
5 .4 
6. 1 
6. 0 
5 .7 
2. 9* 
2 . 3 
1. 2 
7. 0 
6 .2 
5. 1 
5 . 5 
6 . 4 
6. 6 
3 . 0 
4 . 0 
4 . 3 
4 . 0 
4 . 0 
4. 5 
8. 0 
4. 5 
4. 5 
4. 0 
4 . 4 
5. 0 
4 . 4 
4. 2 
3. 1 
3 .7 
4. 6 
6 .9 
5 .7 
4. 7 
7. 7 
7 . 0 
6. 1 

667 D 

) 

K 

0. 2 
0 .3 
0. 3 
0. 1 
0. 1 
0. 2 
0. 1» 
0. 1 
0. 2 
0. 2 
0. 2 
0. 3 
0. 1 
0 .1 
0. 1 
0 . 4 
0 .2 
0. 2 
0. 2 
0. 2 
0 .2 
0. 2 
0. 2 
0 .2 
0. 2 
0 .2 
0. 2 
1. 0 
1. 2 
0 . 6 
0 . 4 
0. 2 
2. 0 
1. 1 
0. 2 
0. 1 
0 .6 
1. 2 

C 0 3 

0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 .0 
0. 0 
0. 0 
0 . 0 
0 .0 
0 .0 

H C 0 3 

5.3 
5 .2 
5. 1 
7 .7 
7 . 6 
7 . 4 
4. 0» 
4 . 4 
5. 2 

10. 8 
6. 8 
1 .2 
6 . 4 
3 . 9 
3 . 2 
5 . 6 
6 . 8 
7 . 2 
5. 2 
5. 2 
5. 1 
4. 1 
5 .4 
5 . 4 
5 .4 
5 .3 
5 . 4 
6 .2 
6 . 4 
5. 0 
5. 8 
7 . 0 
6 . 4 
6 .7 
7. 0 
5 . 8 
6 . 2 
6 .6 

so4 

0.8 
2 . 0 
2 . 8 
0. 8 
0 . 9 
1. 2 
2 .5» 
2 .4 
2 .3 
0. 1 
2 . 4 
5. 8 
0 .9 
3. 5 
4. 1 
1 .0 
0. 1 
0 . 0 
2 ,4» 
0 .4 
0 .5 
1.8 
0. 8 
0 .8 
1.4 
1.4 
1.3 
1.4 
1 .4 
0 . 9 
0. 8 
0 .8 
6. 0 
3 . 0 
0 .2» 
3. 7 
3 . 9 
4. 2 

Cl 

4. 1 
3 . 9 
3. 8 
6. 1 
5 . 9 
5. 3 
2 .4» 
3. 1 
4 . 3 
3 . 6 
4. 2 
5. 0 
4. 0 
4. 8 
5 .0 
3 . 4 
3. 5 
3. 5 
2. 7* 
4. 7 
4 . 9 
6. 3 
4. 2 
4 . 2 
3 . 6 
3 . 8 
4. 1 
3. 7 
3. 6 
5. 3 
4 . 9 
4. 3 
4. 2 
6 . 0 
7. 7» 
4. 5 
4 . 2 
3 . 8 

* corrected or estimated data 

6. 4. EH 11, calculation sheet after data checking and interpolation 

Waterdepth : Observation year 

Catchment area 

Measurement point 

Remarks 

1980 

Bahr Hadus drain 

EH 11 

Pendulum constant : c * 
P 

Float constant : Cj. = 

Calibration : Q * 

D * 6. 23 - Hm 

0.949 

0. 437 • D 

( D ) -

D 
( H) 
(m) (ni ) (m / s ) (m / s ) ( m 3 / . ) 

p Q EC 

3 / 

TDS pH 

(ppm) 

adj. RCS 

SAR 

Mg 

20/12/79 
01 /01/80 
06 /01/80 
27/01/80 
01/02/80 
10/02/80 
25 /02/80 
01 /03/80 
09 /03/80 
23 /03 /80 
01 /04/80 
13/04/80 
20 /04/80 
01 /05/80 
04 /05/80 
26 /05/80 
01 /06/80 
03 /06/80 
15/06/80 
29 /06/80 
01 /07/80 
16/07/80 
31 /07/80 
01 /08/80 
18/08/80 
01/09/80 
22 /09/80 
01/10/80 

12 
- 5 
21 

5 
9 

15 
5 
8 

14 
9 

12 
7 

11 
3 

22 
6 
2 

12 
14 
2 

15 
15 

1 
17 
14 
21 

9 
3 

04 /10/80 23 
27/10/80 
01 /11/80 
11/11/80 
24/11/80 
01 /12/80 
07 /12/80 
25/12/80 
01/01/81 
07/01/81 

5 
10 
13 
7 
6 

18 
7 
6 

3. 86 

3.71 
3 .46 

3 .47 
3. 85 

3 .75 
3. 57 

3 .72 
3. 71 

3 .60 
3 .70 

3. 62 
3 .74 
3. 56 

3. 88 
3. 93 

3 .90 

4. 09 

3 .33 
3.77 

3. 87 
3 .93 

3. 80 
3. 88 

4 .20 

186.75 

177. 27 
161. 47 

162. 10 
186. 11 

179. 79 
168. 42 

177. 90 
177.27 

170.31 
176. 63 

171. 58 
179. 16 
167. 79 

188. 01 
191. 17 

189. 27 

201.28 

153. 25 
181. 06 

187.38 
191. 17 

182.95 
188.01 

208. 23 

0. 511 

0 .376 
0 .298 

0. 218 
0. 635 

0 .450 
0 .430 

0. 514 
0 .476 

0 .307 
0 .423 

0 .376 
0. 518 
0 .289 

0. 540 
0. 523 

0 .463 

0 .439 

0. 539 
0 .403 

0. 308 
0. 345 

0. 312 
0 .398 

0 .425 

_ 

. 

. 
_ 

0. 670 

0. 522 
0 .422 

0 .476 
0 .470 

0 .426 
0. 542 

0. 347 
0 .576 
0. 270 

0. 523 
0. 561 

0.437 

0. 525 

0 .465 
0. 418 

0 .360 

-
0. 369 
0. 359 

0 .512 

41. 70 
32. 83 
29. 13 
21. 03 
19 .03 
15.44 
32. 43« 
34 .93 
38. 92 
29. 47 
31. 89 
35. 12 
34. 55 
31 .05 
30 .09 
39. 70 
28 . 44 
24. 69 
32. 50* 
29. 86» 
31. 14 
40. 78 
44 .48 
43 .91 
34. 30 
38. 11 
43. 82 
33. 12 
29. 55 
31. 39 
32 .72 
35. 37» 
28. 28 
28 .13 
28. 00 
42. 10» 
43 . 24 
44 .21 

1. 57 

2. 52 
3. 83 

4. 51 
2, 04» 

1 .87 
2. 31 

2. 21 
2. 30 

2. 50 
1. 60 

2. 22 
2. 38 
2. 55* 

2. 55 
2. 55 

2. 55 

2 . 46 

2. 18 
2. 09 

2. 28 
2. 73 

2. 73 
2. 18 

2. 18 

970 

1550 
2390 

2740 
1190 

1180 
1470 

1510 
1430 

1550 
1030 

1500 
1520 

1630 
1620 

1650 

1560 

1440 
1380 

1510 

1780 
1490 

1410 

7 . 4 
7 . 4 
7. 4 
7. 5 
7. 5 
7. 6 
7 .9» 
7 . 8 
7. 7 
7. 6* 
7. 5 
7 .4 
7 .7 
7. 5 
7. 4 
7 . 6 
7. 4 
7 .3 
7. 4 
7. 4 
7 . 4 
7. 2 
7. 8 
7. 8 
7 . 4 
7. 5 
7. 6 
7. S 
7 .4 
7. 8 
7 . 8 
7. 9 
7. 5 
7 .4 
7. 3 
8 .2 
7 .7 
7. 5 

3. 9 

5. 8 
6 . 9 

8 . 0 
4 . 9 

2 . 7 
4 . 7 

6 . 0 
6. 1 

6. 6 
4. 3 

4 . 6 
7. 1 

8. S 
7. 1 

6. a 

6 .9 

5 .2 
5. 5 

5 . 0 

4 . 7 
5. 6 

4 . 3 

8. 9 

14 .0 
18 .3 

21 .7 
10. 5 

6. 4 
12. 7 

16. 1 
14. 6 

13 .9 
10. 0 

12 .6 
17 .4 

20. 0 
17 .6 

16. 8 

16. S 

13 .0 
14. 2 

13 .3 

11 .9 
13. 4 

10. 5 

0. 0 

0 . 0 
0. 0 

0. 0 
0. 0 

0. 0 
0 .0 

0. 0 
0 . 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0 . 0 

0. 0 

0. 0 
0 . 0 

0. 0 

0. 0 
0 . 0 

0. 0 

5. 5 
4. 7 
4. 2 
9 5 
9 .3 
8. 9 
3. 8* 
4 . 4 
5. 2 
5. 2 
5. 1 
5. 0 
4. 5 
4 .7 
4. 7 
5 .0 
4 .1 
3 .6 
4 . 4 
3 . 4 
3 . 4 
3. 1 
4. 7 
4 . 7 
5 .0 
4 . 9 
4. 7 
5. 1 
5. 3 
5. 3 
5 .3 
5 .4 
6. 8 
6 .3 
5. a 
3. 9 
2 .7 
1 . 8 . 

2. 2 
•5. 2 
7 . 0 
8 . 6 
9 .2 

10. 8 
4 .7» 
5 . 6 
6 .8 
6 .4 
5 .5 
4. 5 
4. 5 
5 .1 
5 .3 
2 .6 
6 .1 
8 . 0 
4 . 4 
3 . 4 
3 . 6 
4 . 9 
4 . 8 
4 . 8 
4. 5 
4 . 6 
4 . 8 
4 . 8 
4. 8 
3 . 8 
4 . 5 
5 .7 
2 . 3 
6 . 0 
9 . 2 
5 .6 
7 .7 
9 .5 

7 .7 
11. 5 
13. 7 
20. 9 
22. 1 
2 5 . 0 
10 .2* 
9 .7 
9. 0* 

11 .2 
12. 0 
13 .0 
13 .0 
14 .4 
14 .8 
8 .3 

10 .1 
11 .0 
14 .8 
15.7 
15 .9 
17 .0 
15. 5 
15. 5 
14. 8 
14 .9 
15 .0 
12 .7 
11 .6 
11. 8 
11 .8 
11. 7 
15 .7* 
14 .3 
13. 0 
12. 3 
11. 1 
10 .2 

0. 2 
0 . 2 
0 .2 
0. 2 
0 .2 
0. 2 
0. 1* 
0. 1 
0. 2 
0. 2 
0 .2 
0. 3 
0. 2 
0 .2 
0 . 2 
0. 1 
0 . 2 
0 .2 
0. 2 
0 . 4 
0 .4 
0. 5 
0. 2 
0 .2 
1. 1 
0 . 6 
0. 1 
0 .2 
0. 2 
0. 1 
0. 1 
0 .2 
0. 2 
0 . 2 
0. 2 
0. 2 
0 . 3 
0 .3 

0. 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 .0 
0. 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0 .0 
0 .0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
0. 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 

3 . 6 
4 . 0 
4. 2 
5. 1 
5 .4 
6. 2 
2 . 6* 
3 . 0 
3 . 6 
8 . 0 
8 . 6 
9. 2 
4 . 4 
2 . 8 
2 .3 
4 . 4 
7 .3 
8 . 8 
5 .6 
5. 6 
5 .5 
4. 8 
5 .4 
5 .4 
5. 3 
4 . 9 
4. 5 
5. 1 
5 .4 
6. 7 
7 .0 
7 . 6 
4. 6 
4 . 3 
4. 0 
4. 2 
4 . 3 
4 . 3 

6 .2* 
5 .4 
4 .9 
6 .8 
7 .0 
7. 5 
6 .6* 
7 .7 
9. 1* 
0. 2 
0 .0 
6 .3 
6 .3 
7 . 8 
8 .2 
5 .6* 
3 .8 
2 .8 
3. 2 
2 . 3 
2 . 8 
6. 0 
5. 8 
5 .8 
5. 8 
5 .8 
5. 8 
6 .3 
6 .6 
3. 0 
3. 1 
3 . 4 
0 4* 
6 .5 

11. 7 
6 . 9* 
8. é 

10 .2 

5. 8* 
12 .2 
16 .0 
27. 3 
28 .4 
31. 2 

9 .6* 
9. 1 
a. 5 

14. 8 
14 .2 
13. 5 
11. 5 
13 .8 
14 .5 
6 . 0* 
9 . 4 

11 .2 
15 .0 
15 .0 
15 .0 
14. 7 
14. 0 
14 .0 
14 .3 
14 .3 
14 .3 
11 .4 

9. 9 
11 .3 
11 .6 
12. 0 
20. 0 
16. 0 
12. 5 
10 9* 
8. 9 
7 .3 

corrected or estimated data 



6. 5. EH 13, calculation sheet after data checking and interpolation 

Observation year 

Catchment area 

Measurement po 

Remarks 

Date 

07/12/80 
08 /12/79 
25/12/80 
01 /01/80 
07 /01 /80 
28/01/80 
01/02/80 
11/02/80 
23/02/81 
26 /02/80 
01 /03/80 
10/03/80 
24/03/80 
01 /04/80 
10/04/79 
14/04/80 
21 /04/80 
01 /05/80 
05 /05 /80 
19/05/79 
27 /05/80 
01 /06/80 
04 /06/80 
16 /06/80 
19/06/79 
01 /07/80 
14/07/79 
16/07/80 
01 /08 /80 
06 /06 /80 
18/08/80 
01 /09/80 
22 /09/80 
01 /10/80 
04 /10 /80 
27 /10/80 
01 /11/80 
11/11/80 
15/11/81 
24 /11/80 
01 /12 /80 
07 /12 /80 
25 /12/80 
01/01/81 
07/01/81 

P 

1 
17 

7 
6 

21 
4 

10 
12 
3 
4 
9 

14 
8 
9 
4 
7 

10 
4 

14 
8 
5 
3 

12 
3 

12 
13 
2 

16 
5 

12 
14 
21 
9 
3 

23 
5 

10 
4 
9 
7 
6 

18 
7 
6 

int 

D 
(<1H) 
(m) 

2. 

2, 

2 
2 

2. 

19 

29 

32 
31 

32 

• 1980 

i Bahr Hadua drain 

: EH 13 

: Data on d ischarges oi 197' 
and 1982 are also used 

** 
A v vp Q 

(m 2 ) (m / s ) ( m / s ) ( m 3 / . ) 

0. 139 34. 33 
35 .47 

0. 222 54. 83 
44. 99 

0. 148 36. 56 
12. 20 

7. 56 
22. 65 
40 .75 
42. 16 
44 .04 
48 ,26 
51. 56 
53 .45 
56. 57 
55 .34 
54 .94 
54.37 
54. 14 
53 .34 
51. 21 
49 .88 

l 49. 08 
45. 89 
45 .09 
46 .91 
48. 89 
4 9 . 33 
52. 84 

0 .218 53 .94 
0. 190 46. 93 

4 6 . 63 
0. 187 46. 19 

55 .82 
0. 239 59. 03 
0. 255 62. 99 

57 .31 
0 .186 45 .94 

46. 17 
0. 176 43. 47 

38. 55 
0 .139 34 .33 
0. 222 54. 83 

44 .99 
0. 148 36. 56 

, 1981 

EC 

2 .13 

2 . 24 
4. 33 

6 .78 

2 .21 

2 .04 
2. 64 

2. 47 
2. 13 

2 . 29 

2. 16 

2 .46 
2. 33 

2 .73 

2. 73 
2 . 82 

2 .73 

2. 73 

2 . 46 
2. 18 

2 . 46 

3 . 28 

3. 19 
2 .55 

2. 37» 

TDS 

(ppm) 

1400 

1430 
2690 

3520 

1400 

1270 
1710 

1440 
1380 

1490 

1390 

1510 
1460 

1660 

1780 
1800 

1750 

1730 

1620 
1420 

1600 

2150 

2020 
1780 

1250 

pH 

7. 6 

8. 1 
8. 2 
7. 6 
7. 2 
7 . 4 

7. 3 
7 . 3 
7. 3 
7 .2» 
7 . 2 

7. 2 
7. 5 
7. 4 
7 . 4 

7 . 6 
7 . 6 
7. 6 
7. 1 

7. 1 

7 . 3 
7. 7 

7 . 4 
7 . 4 
7 . 5 
7 .3 
7 .3 
8 . 0 
7 . 9 
1. 8 

7 . 4 
7 . 4 
7 . 4 
8. 1 
8. 1 
8 .2» 

Waterdepth 

Pendulum constant 

Float constant 

Calibration 

SAR 

5 .7 

6 . 8 
11. 7 

11. 1 

5 .0 

3 . 3 
6 .1 

5 .6 
6. 5 

6. 1 

6 .3 

4. 8 
6. 2 

- t . 8 

9 . 2 
6 .9 

6 .6 

6 . 5 

10. 0 
5 .3 

5. 8 

7. 5 

7 . 6 
9 .1 

7 . 6 

adj. 

SAR 

13.7 

15. 5 
29 .1 

2 9 . 4 

11. 7 

8. 1 
1 6 . 4 

8. 6 
15. 1 

12. 6 

14 .8 

10 .4 
15 .4 

1 6 . 9 

2 1 . 8 
17 .4 

16. 6 

1 6 . 5 

23. 6 
13 .8 

15. 5 

18. 5 

19. 0 
21 .7 

17 .0 

RCS 

0 .0 

0. 0 
0 .0 

0 . 0 

0. 0 

0. 0 
0 . 0 

0 .0 
0. 0 

0 .0 

0 . 0 

0 .0 
0. 0 

1t.fr 

0 . 0 
0. 0 

0. 0 

0 .0 

0 .2 
0 .0 

0 .0 

0 . 0 

0. 0 
0 . 0 

0 . 0 

: D = 

: c -p 

: CD = 

: Q = 

Ca 

4. 4 

3 . 9 
4 .8 
9 . 0 

19. 8 
11 .0 

5 .0 
4. 9 
4. 7 
6 .3 
5 .7 

5 .0 
4 . 0 
4. 1 
4 . 2 

5 .0 
5 .7 
6 .2 
5. 0 

6 . 0 

3 . 6 
6 .3 

5 .2 
5 . 4 
5 .7 
3 .7 
3. 2 
5 .0 
5. 0 
5. 1 

8 .0 
6 . 9 
5. 8 
3 . 9 
3 . 6 
3 . 2* 

2 .86 - Hm 

Q = 2. 47 vp 

Mg 

4. 6 

3. 1 
3. 6 
4. 1 

13 .6 
10. 4 

5.5 
6. 1 
7 .3 
5 .3 
5 . 5 

5 .9 
4 .1 
5 . 0 
5. 3 

3 . 6 
5.1 
6. 1 
4. 5 

4. 5 

4 . 9 
5 .2 

5 .6 
5.7 
5 .8 
3 . 4 
2. 8 
5 .0 
5 .3 
6. 0 

4 . 8 
5 .5 
6 .2 
3 .7 
3 . 4 
3 .0* 

+ 

( D -

Na 

12.0 

11. 1 
13 .9 
30 .0 
65. 6 
36 .2 

11 .4 
10 .3 

8. 2 
14. 6 
13. 8 

13 .0 
13 .0 
13.1 
13 .2 

13 .0 
12 .4 
12. 0 
13. 6 

15 .6 

19 .0 
16 .5 

15.3 
15 .5 
15.7 
17 .0 
17 .4 
11 .9 
12 .4 
13.7 

18.9 
18.8 
18. 7 
17. 8 
15 .9 
13 .4* 

D 

.. ) 

K 

0. 2 

0. 2 
0 .2 
0. 1 
0 .3 
0 .2 

0 .2 
0 .2 
0. 2 
0 .2 
0 .2 

0 .2 
0. 1 
0 .2 
0 . 2 

0 . 0 
0 . 2 
0 .3 
0 .2 

0 .2 

0 . 2 
0 .2 

1. 1 
0 .7 
0. 1 
1.0 
1.2 
0. 1 
0 .1 
0 .2 

I. 1 
0 .8 
0 .5 
0 .1 
0. 1 
0 . 1 * 

CO-
3 

0 .0 

0 0 
o:o 0. 0 
0. 0 
0. 0 

0 . 0 
0 .0 
0 . 0 
0. 0 
0. 0 

0 . 0 
0. 0 
0. 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
0. 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 

HCO, 
3 

4 . 8 

i:i 
4 . 9 

10. 2 
5. 3 

3 . 6 
3 . 6 
3 . 6 
8 . 0 
5. 1 

0 . 8 
4 . 4 
2. 9 
2 . 3 

4 . 4 
3 . 0 
2 . 2 
5 .2 

5. 2 

4 . 8 
5 . 4 

5 .4 
5 .3 
5 . 2 
6 .0 
6 . 2 
6 .6 
6 . 9 
7 . 6 

4 . 5 
4 . 6 
4. 8 
5 . 4 
5. C 
4 . 4 * 

so. 
4 

7. 9 

4 . 8 
5 .2 
8. 7 

20. 1 
11. 7 

7 . 0 
6 . 6 
5 .8 
2 .7 
4 .2 

6 . 8 
6 .3 
7. 8 
8 . 4* 

5 .2 
6 . 6 
7 . 4 
5 .6* 

4 . 6 

7 . 1 
6 . 9 

6 .2 
6 .2 
6 . 0 
4 . 0 
3 . 6 
2 .7 
2. 5 
2. 1 

7 .9* 
9 . 9 

12 .0 
5 .9» 
4 . 4 
2 . 5* 

CI 

8. 5 

10 .2 
13. 5 
29 .6 
69 .0 
40. 8 

11. 5 
I I . S 
11 .0 
15.7 
15.9 

16 .5 
10 .5 
11. 7 
12. 2* 

12. 0 
13 .8 
15 .0 
12. 5* 

16 .5 

15 .2 
15 .9 

15. 6 
15 .8 
16. 1 
15 .1 
14 .8 
12.7 
13 .4 
15.3 

20. 4* 
17 .5 
14 .4 
1 4 . 2» 
13.6 
12 .8» 

corrected or est imated data 

6. 6. MG 09, calculation, sheet after data checking and interpolation 

Ooservation year 

Catchment area 

Measurement point 

Remarks 

: 1980 

1 Gharbia drain 

: MG 09 

; Waterquality data jan-march 
from observation year 1981 

Waterdepth 

Pendulum constant 

Float constant 

Calibration , ( D . 

D 
(4H) 
(m) (m 2 ) 

v v p U 

(m / s ) ( m / s ) <m 3 /») 

TDS pH 

(ppm) 

a«JJ. 

SAR 

Mg 

30 /12 /80 
01 /01 /80 
23/01/81 
01 /02 /80 
09 /02/81 
22 /02/81 
01/0 3/80 
06/03/81 
21/03/81 
01 /04 /80 
04/04/81 
16/04/80 
01 /05 /80 
06 /05/80 
20 /05 /80 
01 /06 /80 
09 /06 /80 
22 /06 /80 
01 /07 /80 
08 /07/80 
25 /07 /80 
01 /08 /80 
07 /08 /80 
30 /08/80 
01 /09 /80 
14 /09/80 
27 /09/80 
01 /10/80 
15 /10/80 
01 /11 /80 
06 /11 /80 
20 /11 /80 
01 /12 /80 
30 /12 /80 
01 /01/81 
23 /01/81 

11 
15 

15 
5 

14 
12 
8 

13 
9 
7 

17 
7 
6 

23 
2 

13 
13 
4 

14 
17 

5 
14 
11 
29 

2 
22 

8. 23 

6.26 
6.26 

9. 97 
9.97 

10. 30 
10. 62 
10 .62 

9.95 
9. 28 
9.28 

10. 96 
12. 63 
12. 63 
14 .08 
15. 53 
15. 53 
16 .69 
17 .84 
17 .84 
16. 15 
14.46 
14 .46 
13 .88 
13.30 
11. 11 
6 .92 
8 .92 
9 .66 

10 .40 
9 .63 
8 .86 

2. 28 

2.09 

6.44 
2.32 

1.81 
2. 26 

1. 36 
1 .42 

2. 13 
1. 38 

1.25» 
1 .92 

1 .48 
1. 43 

1.27 
1. 53» 

1 .40 
1. 51 

1 .40 
1 .40 

2. 28 

2.09 

1530 7. 5 

1390 8 . 0 

3930 
1440 

1190 
1370 

930 
920 

1320 
910 

710 
1290 

960 
960 

870 
910 

930 
950 

920 
910 

7. 2 
7 .0 

7 . 6 
7 . 6 
7. 5 
8. 2 
7 . 4 
7 .7 
7 . 8 
7 . 4 
7. 5 
7.6 
7.7 
7.6 
7.6 
8. 0 
7. 5 
7 . 3 
7 . 6 
7 . 6 
7 . 6 
7 . 6 
7. 5 
7 . 4 
7 . 6 
7 , 6 
7 , 4 
7 . 4 
7. 5 
7 . 5 
8 . 0 

9.4 

4.2 

9 .4 
4. 1 

5.3 
6. 2 

4. 2 
4. 5 

6.0 
2. 8 

4. 1 
6. 0 

4 .0 
4 .8 

3.6 
5.4 

4.7 
2.2 

3 .6 
1 .6 

9.4 

4.2 

21. 1 

10 .3 

28.0 
10.1 

12.0 
14 .2 

9 .0 
10 .0 

13 .5 
6 .3 

8 .7 
14. 1 

9 . 3 
11 .2 

8. 5 
12 .1 

10 .8 
5 .6 

8.5 
3.9 

21. 1 

10 .3 

0.0 
0.0 

0.0 

0.0 
0.0 

4.4 

14.2 
6. 5 

6 .5 
3 .8 
3 . 6 
3. 1 
3. 5 
3 . 9 
4 . 2 
3. 5 
2.6 
2. 1 
2. S 
2.7 
2.6 
3.2 
4. 1 
4 .7 
3 . 2 
3 . 4 
3. 2 
3 . 2 
3 . 4 
3. 7 
4.4 
5.5 
3.9 
3.9 
4.4 
4 .7 
4. 8 

0.0 

14.2 
6. 1 

0 . 6 
5 .3 
4 . 1 
3 . 0 
2 . 7 
3 .7 
4 . 3 
3 .7 
2 . 9 
2 . 4 
4 . 7 
4 . 7 
4 . 6 
2. 8 
2 . 2 
1 .8 
1. 8 
2 . 0 
2 . 4 
6 . 8 
6. 1 
2 .8 
1.7 
1. S 
6 . 9 
5 .2 
1 .8 
2 . 3 
6 . 3 

3 5 . 4 
10 .3 

10 .0 
13 .3 
10 .9 
7 . 3 
8.0 

10.7 
12 .3 
5 .3 
6.0 
6. 1 

11 .6 
9.2 
7.5 
8.4 

•7.3 
6. 5 
8.6 
9.2 
7 .9 
4.9 
4 .8 
3.9 
5 .2 
6.1 
ï . 7 
7.4 

16. 5 
17. 1 
10 .0 

1.2 
0. 5 

0 . 9 
0 . 2 
0. 2 
0 . 2 
0 . 2 
0 . 2 
0 . 2 
1 .5 
0 . 6 
0 . 2 
0 . 4 
0 . 3 
0 . 2 
0. 1 
0. 1 
0. 1 
0. 1 
0 . 2 
0 . 6 
0. 1 
0. 1 
0. 1 
0 . 2 
0 .3 
0 . 2 
0 .2 
0 . 2 
0 . 2 
0 . 4 

0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 

9. 8 
4 . 0 

4 . 0 
3 . 5 
3 . 6 
3 . 3 
3 .8 
3 . 5 
3 . 6 
3 . 6 
4 . 0 
4 . 0 
4 . 8 
4 . 8 
4 . 1 
5 .0 
5 .0 
5 .0 
4 .7 
5 .1 
4. e 
5 .4 
5 .4 
4 . 9 
4 . 4 
5 . 0 
4 . 0 
4 . 1 
4 .7 
5 . 0 
4 . 0 

8.3 

8.2 

4 .0 
3. 7 

3.8 
2.2 
1.8 
3. 5» 
1.6 
3.4 
4 .2 
2.2 
I. 1 
0. 7 
6 . 4 
3 . 4 
1 .5 
1 .1 
1.2 
0 . 9 
1 .4 
1 .4 
0 . 6 
1.5 
1.5 
1. 0 
0. 5 
0 . 4 
2 . 4 
4 . 1 
8 . 3 
8 . 8 
8 . 2 

9.9 

9.3 

51 .3 
15.7 

10 .2 
16 .9 
13 .4 

6.8* 
9.0 

11 .6 
13 .2 
8.2 
7.0 
6. 1 
8.3 
8.7 
8.7 
1.8 
7. 5 
1.2 
1. 6 
8.3 
8.1 
8 .1 
1.5 
4.6 
6.6 
8.6 
8.3 
8.5 
9.9 

10.5 
9.3 

corrected or est imated data 

http://1t.fr


6. 7, WE 10, calculation sheet after data checking and interpolation 

Obse rvation year 

Catchment area 

Measurement point 

Remarks 

Date 

30 /12 /80 
01 /01 /80 

1/01/80 
20/01/81 
III/01/80 
01 /02 /80 
03 /02/81 
08/02/81 
11/02/80 

25 /02/81 
01 /03 /80 

1/03/80 
12 /03/80 
24 /03 /80 
01 /04 /80 
09 /04 /80 
11/04/80 

22 /04 /80 
01 /05 /80 

1/05/80 
13 /05/80 
21 /05 /80 
01 /06 /80 
04 /06 /80 
14 /06/80 
III/06/80 
01 /07 /80 
02 /07 /80 
16 /07/80 
III/07/80 
01 /08 /80 
02 /08 /80 
18 /08/80 
III/08/80 
01 /09 /80 
02 /09 /80 
18 /09/80 
27 /09 /80 
01 /10 /80 

1/10/80 
13/10/80 
III/10/80 
01 /11 /80 
02 /11 /80 
16 /11/80 
111/11/80 
01 /12 /80 
03 /12 /80 
17 /12/80 
30 /12 /80 
01 /01/81 
• 1/01/81 
20 /01/81 

D 
P ( H) 

( m ) 

5 
11 

12 
8 
8 

13 

9 
12 

8 
11 

3 
10 
17 

1 
14 
16 

1 
16 
14 

1 
16 

9 
4 

12 

19 

1 
14 
15 

2 
14 
13 

2 
19 

* 

: 1980 

.' Edko dra 

: WE 10 

; Water qua 
are from 

A » 

(m2) (m/s) 

corrected or est 

n 

lity data of Jan 
1981 

vp Q 

(m/s ) (m 3 /> ) 

2 .44 

1. 91 
2 .45 
1. 64 

2. 18 
2. 18 
1. 96 
1. 86 
1. 64 
1.42 
2. 60 
5 .64 
5. 03 
4. 42 
4. 46 
4. 62 
4. 84 
5. 05 
5.47 
4. 99 
5. 67 
6 .35 
6. 06 
6. 81 
7. 88 
8. 95 
8. 84 
8. 93 
9. 18 
9 .42 
9 .09 
8. 94 
9. 61 

10.28 
10.29 
10. 03 

8. 56 
7. 09 
5 .98 
5. 22 
5. 21 
5. 19 
6 .24 
5. 41 
5. 16 
4 .91 
2. 6 0 , 
2 .44 
2. 18 
1.91 
2 .45 

mated data 

- Febr. 

E C 

6.37 

7. 55 

13. 29 
4. 75-

* 6. 43 

7. 82 
3 .91 

4 .93 

4 .67 

3. 83 
3 .74 

3. 15 
4. 30 

4. 00 
3. 55 

3. 45 
3. 28 

2 .91 
3. 28 
3 . 28 

3. 55 

4 .00 
4. 55 

5. 00 
6. 55 
6.37 

7 .55 

T D S 

(ppm) 

47 50 

5500 

9620 

4900 
2540 

3450 

2960 

2290 
2280 

1910 
2 580 

2630 
2280 

2160 
2080 

1950 
2070 
2110 

2200 

2510 
2940 

3170 
4610 
4750 

5500 

pH 

7 . 9 

7 . 4 

8 . 0 
7 . 0 

6 . 9 
7. 0 

7 . 7 
7. 2 
7 . 3 
7 . 4 

7 . 7 
7 . 7 

7 . 7 
6 . 7 
7 . 2 
7. 6 
7 . 9 

7 . 6 
7. 6 
7 . 8 

7 . 7 
7. 7 
7 . 6 

7 . 4 
7 . 4 
7 . 6 
7. 7 
7 . 6 

7 . 5 

7 . 5 
7. 5 
8 . 0 

7. 5 
7 . 4 
7. 1 
7 . 9 
7 . 8 

7 . 4 

Waterd epth 

Pendulum constant 

Float constant 

Calibration 

S A R 

19. 0 

25. S 

23 .2 

19 .0 
13. 1 

14 .8 

21 .8 

9 . 4 
9 . 2 

6 . 9 
10. 1 

10. 1 
11. 7 

10 .9 
9 . 9 

10 .4 
10 .5 

7 . 8 

8 . « 

9 . 4 
10.8 

15 .6 
19. 5 
19 .0 

25. S 

adj. 

S A R 

47 .3 

69.9 

68. 1 

48. 7 
35. 1 

37 .0 

42. S 

24. 1 
23. 7 

17.2 
24 .4 

27. 5 
29 .6 

27 .5 
24 .9 

25 .4 
25.8 
20 .8 

23 .8 

25. 5 
27 .7 

37 .7 
48. 1 
47 .3 

69 .9 

B S C 

0. 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0. 0 
0. 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

D » 

: c » 
p 

: C ' D ' 

: Q * 

C a 

3 . 7 

3. 8 

16. 4 
6. 5 

6. 5 
8 . 4 

6. 8 
4. 5 
4. 5 
4. 5 

3. 2 
4. 0 

4 . 7 
7. 1 
4. 7 
3. S 
3 . 0 

5 . 6 
5. 1 
5. 1 

4 . 8 
4. 7 
3 . 7 

4. 8 
4. 6 
3 . 4 
4 . 7 
5. 0 

4 . 7 

4. 5 
4. 2 
6 . 8 

4. 5 
4. 5 
5 . 2 
3 . 7 
4 . 2 

3. 8 

Mg 

12.8 

11.3 

27. ! 
20. 8 

11 .4 
15 .4 

13. 2 
5. 5 
7 . 6 

10.2 

3 . 4 
6. 1 

8 . 8 
6 . 4 
9 . 0 
8 . 8 

11.7 

10. 5 
9 . 3 
4 . 4 

5 . 4 
5 . 3 
6 . 9 

4 . 3 
3 . 9 
6. 1 
8 . 3 
8 . 7 

8. 3 

9. 5 
9. 5 
8 . 7 

7. 4 
7 . 3 

10. 1 
12 .8 
14 .2 

11.3 

... - Hm 

*• 

( D . . . . . 

N a 

54. 6 

7 0 . 0 

108. 0 
28. 0 

44. 0 
64. 0 

60. 0 
2 9 . 4 
34. 1 
40. 0 

3 9 . 6 
33. 5 

2 4 . 4 
24 .0 
19. 7 
17 .2 
27. 5 

30. 1 
2 7 . 0 
25 .5 

2 4 . 9 
24. 3 
2 2 . 2 

2 2 . 8 
2 1 . 4 
22 .9 
2 0 . 0 
21. 5 

22. 5 

2 5 . 0 
2 5 . 0 
3 0 . 0 

3 5 . 8 
37. 5 
54 .0 
5 4 . 6 
62 .9 

70. 0 

0 

) 

K 

0. 7 

0 . 9 

0 . 9 
0. 7 

0. 6 
1. 0 

1. 0 
0. 8 
0 . 8 
0 . 8 

0 . 6 
0 . 5 

0 . 4 
0 . 2 
1 . 6 
1 . 8 
1. 1 

0 . 7 
0 . 6 
0 . 6 

0 . 2 
0 . 2 
0 . 6 

0 . 4 
0 . 4 
0 . 5 
0 . 4 
0 . 4 

0 . 2 

1. 1 
1. 1 
0 . 2 

1 . 0 
1. 1 
0. 8 
0 . 7 
0 . 8 

0 . 9 

CO 
3 

0 . 0 

0 . 0 

0 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 
0 . 0 
0. 0 

0 . 0 
0 . 0 

0 . 0 
0. 0 
0. 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0. 0 

0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 

0. 0 

0. 0 
0. 0 
0. 0 

0 . 0 
0. 0 
0. 0 
0. 0 
0 . 0 

0 . 0 

HCO, 
3 

4. 7 

10 .0 

8. 2 
7 . 3 

5 . 0 
6 . 4 

5 . 0 
9 . 6 
7. 6 
5 . 0 

2 . 8 
4 . 2 

5. 6 
5 . 6 
5 . 3 
4 . 8 
3 . 7 

8 . 7 
8 . 0 
6 . 8 

6 . 7 
6. 5 
6 . 1 

6 . 3 
5 . 9 
5. 6 
6 . 8 
7 . 3 

7. 8 

7 . 5 
7 . 4 
5 . 3 

4. 8 
4 . 8 
4. 7 
4. 7 
5 . 8 

10. 0 

SO 
4 

22. 6* 

27 .4 

4 4 . 9 , 
16 .4 

6. 7 
12 .9 

14. 6 
0. 4 
6 . 9 

15. 0 

15. 0 
11.7 

, 7. 1 
1 . 9 
5 . 8 . 
6 . 1 
6 . 2 

7 . 2 
6 . 4 
6 . 3 

4. 2 
4. 1 
6 . 4 

6. 8 
6 . 5 
5 . 9 
6. 3 
5 . 9 

1 . 6 

6. 1 
6 . 3 , 
9 . 5 

14. 8 
1 5 . 9 , 
1 9 . 5 , 
22. 6 
25 .9 

27 .4 

Cl 

44. 5 

4 8 . 6 

9 9 . 3 , 
32. 3 

50 .8 
70. 0 

61 .4 
30. 2 
32. 5 
35 .5 

29 .0 
28. 2 

25 .6* 
30 .2 
2 3 . 9 , 
20 .7 
33 .4 

3 1 . 0 
27 .6 
22 .5 

24 .4 
23 .9 
20 .4 

19 .2 
17 .9 
21 .4 
20. 3 
2 2 . 4 

26 . 3 

26 .5 
2 6 . 4 . 
30 .9 

29. 1 
2 9 . 4 , 
4 5 . 9 . 
44. S 
50 .4 

48. 6 



6. 8. WE 11, calculation sheet after data checking and interpolation 

Obgerva t ion year 

Ca tchment a r e a 

Mea su r emen t point 

R e m a r k s 

Edko dra in 

WE 11 

"Water quality data of J an - Febr . 
a r e from observat ion year 1981 

Waterdepth 

Pendulum constant 

F loa t cons tan t 

Ca l ib ra t ion 

P 

Q = . ( D . 

D 
(6H) 
(m) (m 2 ) (m / s ) (m / s ) (m 3 / > ) 

TDS pH SAR adj . RSC Ca 

(ppm) SAR 

Mg 

30 / 12 /80 
01 / 01 /80 

1/01/80 
20 / 01 / 81 
i n / 0 1 / 8 0 
0 1 / 02 / 80 
0 3 / 02 / 81 
08 /02 /81 
H / 02 / 80 

2 5 / 02 / 81 
01 / 03 /80 

1/03/80 
12 /03 /80 
24 / 03 /80 
01 / 04 /80 
09 /04 /80 
I I / 04 /80 

2 2 / 04 / 80 
0 1 / 05 / 80 

1/05/80 
13 /05 /80 
2 1 / 05 / 80 
01 /06 /80 
04 / 06 /80 
14 / 06 /80 
m / 0 6 / 8 0 
0 1 / 07 / 80 
02 / 07 /80 
16 /07 /80 
111/07/80 
01 / 08 /80 
02 / 08 /80 
18 /08 /80 
I I I /08 /80 
0 1 / 09 /80 
02 /09 /80 
18 /09 /80 
2 7 / 09 / 80 
0 1 / 10 / 80 

1/10/80 
13 /10 /80 
IH /10 /80 
01 / 11 /80 
02 /11 /80 
16 /11 /80 
H l / 11 /80 
01 / 12 /80 
03 / 12 /80 
17 /12 /80 
30 / 12 /80 
01 /01 /81 

1/01/81 
20 / 01 / 81 

5 
11 

9 
12 

11 
3 

10 
17 

1 
14 
16 

1 
16 
14 

1 
16 
9 
4 

12 

1 
14 
15 

2 
14 
13 
2 

19 

2. 01 
3. 09 
1. 93 

2. 53 
2. 53 
4. 17 
4. 78 
4 . 74 
4. 69 
8. 23 
7. 75 

9. 78 
9. 78 
9. 70 
9 . 6 1 

1 0 . 2 7 
6. 08 
7. 57 
9. 06 
8. 87 

11. 02 
10 .87 
10. 71 
10. 96 

7 . 4 7 
7. 38 
7. 28 

11 .45 
11. 38 
11. 49 
11.60 
11. 10 
9. 18 

10. 03 
10. 87 

5. 61 
5. 25 
4 . 44 
3. 63 
4. 55 
5. 15 
5. 10 
5. 05 
4. 46 
4. 16 
3. 09 
2. 01 
3 .09 

3. 37 2280 7. 6 

28. 21 20560 7. 0 

2 2 . 7 5 , 14830 
12.56 

2 .53 1380 
2. 21 1460 

2. 55 

1.79 

1,96 
1. 87 

1. 21 
2 .04 

1. 87 
1.41 

1590 

1160 

1170 
1230 

780 
1 2 8 0 

1230 
950 

1.65 1080 
1.57 1040 

1.53 1010 
1.82 1210 
2. 00 1290 

1.67 1110 
2. 18 1450 

2.00 1350 
3. 64 2340 
3.37 2280 

7.6 
7. 5 

7.2 
7. 3 

7. 7 
7.4 
7.4 
7.4 

7.9 
7.9 

7.9 
6. 7 
7. 1 
7.4 
7.9 

7. 6 
7.6 
7.6 

7. 2 
7. 2 
7.3 

7. 4 
7.4 
7. 8 
7.3 
7. 5 

1.82 1150 8.4 

7.3 
7.2 

7.1 
7.6 
7.5 

11.4 26.8 0.0 3.2 

57.8 166.0 0.0 11.0 

37.2 112.9 0.0 

8.4 
7. 7 

7. 5 

6.3 

6. 1 
4.2 

2.4 
4. 0 

5. 5 
4. 7 

5. 3 
4.9 

3.9 
6.0 
5.4 

5. 0 
5. 5 

6. 7 
11. 1 
11.4 

17.4 
19.3 

17.4 

13. 0 

12.0 
10.6 

5.7 
9.4 

13.8 
11. 1 

12. 7 
11.6 

0.0 
0. 1 

0. 0 

0.0 

0.0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

9.6 0. 0 
14. 5 0. 0 
13. 3 0. 0 

12. 2 0. 0 
13.3 0.0 

15.5 0.0 
28. 1 0. 0 
26. 8 0. 0 

4.6 
4.8 

3.0 
3. 5 
3. 7 
3.8 

3.4 
3.6 

3.7 
7.4 
4. 6 
3. 5 
5.0 

4. 0 
4. 1 
2. 0 

3. 1 
3.2 
3. 7 

3. 7 
3. 7 
5. 7 
4. 2 
3. 5 

4.2 

3. 1 
3.7 
4.0 

3.2 
3.2 
4.8 
3.2 
3.8 

36. 0 280. 0 

30.6 
16.4 

6.0 
6.2 

188. 0 
95. 0 

20. 0 
22. 2 

3.7 15.3 
3. 6 14. 6 
4.5 15.3 
5. 3 16. 0 

3. 1 
3.7 

4.3 
2. 0 
3. 8 

2.8 
3.3 
5.5 

11.4 
11.2 

10.2 
9.2 
5.9 
4. 6 
9.2 

10.4 
10.7 

8.0 

3. 5 9. 7 
3. 4 9. 7 
2. 8 8. 8 

3. 8 7. 7 
3.8 7.5 
1.1 11.0 
4.3 11.2 
3. 5 9. 1 

3.8 10.0 

7.9 
9.3 

12. 0 

12.4 
12.7 
26. 0 
25. 6 
44. 0 

0. 5 
0. 5 

0.3 
0. 5 
0. 5 

0.2-
0.3 

0.4 
0.2 
0.2 
0.2 
0. 5 

0.4 
0.4 

0.4 
0.4 
0.4 
0.3 
0.2 

0.4 
0.4 
0.5 
0. 5 
0. 7 

0. 0 
0. 0 

0.0 
0.0 

0.0 
0. 0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0. 0 

0.0 
0. 0 

0.0 
0.0 

0.0 

0. 0 
0.0 
0. 0 

10.7 21.2 

8.5 116.3 204.9 

10. 8 
6.5 

4.4 
4.7 

3. 0 
7.2 
5. 6 
4.0 

2. 8 
3. 6 

4.4 
5.2 
5.0 
4.4 
3. 6 

6.5 
6.8 
5. 8 

5. 1 
6.2 

6. 2 
4. 3 
4. 6 

73. 1 
14.3 

3.4 
4.2 

3. 5 
1. 5 
3. 1 
4.6 

5.3 

2.1 
3. 5 
1.9 
1.4 
5.4 

156.0 
104. 0 

23.3 
24. 8 

15. 8 
13. 5 
15.3 
17. 0 

10. 0 
11.3 

12.1 
10. 1 

7. 6 
6.2 

11.4 

11.2 
11.5 

6.9 

9. 3 
9.4 
8. 7 

8.7 
8.7 

10. 7 
11.3 
9.5 

1.2 12.2 

1.3 7.7 
1. 6, 8. 9, 
5.0 12.4 

4.5, 
4. 5 
5. 3 

10. 7 
18.4 

11.2» 
11.3 
26.0 
21.2 
34. 5 

28.21 20560 7.0 57.8 166.0 0.0 11.0 36.0 280.0 8.5 116 .3 204 .9 

* c o r r e c t e d or e s t ima ted data 



ANNEX 7: DATA PRESENTATION 

7. 1. FB 03, Batts drain at Furgus 

7. 2. FB 04, Roda drain 

7. 3. EB 07, Bahr Baqar drain at 'Kubri Saud' 

7. 4. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadus' 

7. 5. EH 13, Bahr Hadus drain at 'Outfall' 

7. 6. MG 09, Pump station no. 4 

7. 7. WE 10, Edko pump station 

7. 8. WE 11, Bosseili pump station 

detailed data presentation 

monthly averages 

empirical relationships 



7._1_._ _FB_03_,_ .Batt s drain_ at F_urgusj_ data J>re_s_entatipn_ 

7. 1. 1. FB 03 , detai led data presentat ion 

n 
a 

09/01 
23/01 
06/02 
24/02 
14/03 
04/04 
18/04 
30/04 
18/05 
02/06 
28/06 
11/07 
25/07 
17/09 
11/10 
04/11 
09/11 
17/12 

0 — 

51 

1. 58 
0. 51 
0 .46 
1.69 
1. 16 
1. 08 
1. 08 
1. 11 
1. 03 
0. 85 
0. 94 
0. 86 
1. 02 
1 . 38 
1.22 
0 .91 
1 . 12 
1. 21 

" X 
Sb' 
5 1 

3. 80 
0. 54 
0. 57 
4. 25 
2. 79 
2. 55 * 
2. 71 
2. 5 8 " 
2. 4 0 " 
1. 56* 
1. 7 1 * 
1. 82 
2. 17 
3 . 4 2 
3. 15 * 
1. 80 
2. 17 
3. 03 

'E 
u 
6 

"1 w-E 

1. 45 
4. 8 3 * 
4. 17 
1. 0 9 * 
1.43 
1.28 
1. 45 
1. 22 
1 . 51 
1. 24 
1. 33 
1. 78 
1 . 35 * 
1. 31 
1 . 66 
1 . 68 
1 . 58 
2. 00 

»1 
O a 

940 
3290 
3140 

640 
950 
870 
990 
810 

1000 
P40 
900 

1260 
890 
910 

1130 
1180 
1070 
1300 

X 
0. 

8. 3 
7 . 4 
7 . 4 
7. 6 
7. 8 
7. 5 
7 . 4 
7. 6 
8. 0 
7. 8 
7. 3 
7 .7 
7. 5 
7. 6 
7. 9 
7 . 9 
7. 8 
7. 3 

a. < 
in 

i 

2 .7 
12. 1 

8. 8 
3 .7 
3 .3 
4. 5 
4 . 9 
4 . 4 
5. 3 
4. 3 
3. 8 
7 . 9 
4. 7 
4 . 9 
5. 0 
5. 3 
4. 8 
5. 9 

< 
'V 
n 

6 . 4 
31 .3 
25 .3 

1 . 5 
8. 1 
9. 6 

10. 9 
9 . 6 

1 1 . 7 
9 . 8 
8. 7 

17. 1 
8. 8 

11 .3 
12. 5 
13 .4 
11 . 7 
13. 0 

r— 

R
S

C
 

(m
eq

 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 8 
0. 0 
0. 0 
0. 0 
0. 0 

t - H 

'-
cr 
V 

" E 
U i 

3. 6 
6. 6 
8. 5 
2. 6 
4. 5 
4. 0 
3. 0 
2. 6 
3. 0 
3. 8 
4. 5 
3. 6 
3. 3 
3. 2 
3. 7 
3. 7 
3. 9 
4 . 2 

i - > 

-
CT 

s i 

5. 3 
10. 1 
1 1 . 7 

1. 4 
3. 1 
1. 2 
3 . 2 
2 . 4 
2. 7 
1. 4 
1. 8 
1. 8 
2. 4 
1. 8 
3. 3 
3 . 3 
2 . 8 
3. 8 

*-* -
a* 
V 

" P 
Z i 

5. 6 
35. 0 
28. 0 

5. 2 
6 .5 
7 .3 
8. 6 
7. 0 
9. 0 
7. 0 
6. 7 

13. 0 
7. 8 
7. 7 
9 .3 

10. 0 
8. 7 

11 .7 

*-* ~ 
u 

* 1 

0. 1 
0. 7 
0. 7 
0. 4 
0. 1 
0 .3 
0. 2 
0. 2 
0 .3 
0. 2 
0. 3 
0. 2 
0. 2 
0. 4 
0. 2 
0. 2 
0 .2 
0. 4 

• " • ' 

7 

0 E 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 .0 
0. 0 
0. 0 
0. 0 
0 .0 
0. 0 
0 .0 
0. 0 
0 . 0 
0 . 0 
0. 0 
0 .2 

-* -

H
C

O
 

(m
eq

 

4. 2 
5. 3 
8. 8 
3. 5 
5. 2 
3. 5 
4. 0 
4. 0 
4. 0 
4. 8 
4 . 4 
4. 1 
2. 1 
5. 8 
7 .0 
7 .0 
6 .4 
3 .4 

'_ 
0 g 

3. 4 
17. 0 
16. 1 

0. 8 
2. 8 
3 . 9 
4. 0 
2. 2 
4 . 4 
1 . 0 
3. 3 
7 . 6 
5. 8 
1.2 
2. 1 
2 . 8 
3. 0 
6. 8 * 

*"H 
~ 
« 

G l 

7. 0 
30. 1 
24. 0 

5. 3 
6. 2 
5. 4 
7. 0 
6. 0 
6. 6 
6. 6 
5. 6 
6 .9 
5. 7 
6 . 1 
7. 4 
7. 4 
6. 2 
9 . 9 * 

* corrected or est imated data 

Table A 7 - 1 . D ischarge and water quality measurement s FB 03, observat ion year 1980 

vv 

TDS (ppm) 
4000 

1 ' TD 

J F M A M J J A S 0 N D 

adj SAR 
- i30 

A a d j S A R ^ # ^ 

ƒ •— •«** * — • SAR SAR 
J I I 1 L 

20 

10 

J F M A M J J A S 0 N D 

Fig. A 7 -1 . D ischarge Q and sa l ini ty TDS of 
FB 03 , observat ion year 1980 

7. 1. 2. FB 03, data presentat ion: monthly averages 

Fig . A 7 -2 . Sodium hazard, SAR and adj. SAR, of 
FB 03 , observat ion year 1980 

M O N T H 

J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
M a y 
June 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 

A V E R A G E 

Q 
3 / m / s e c 

2. 10 
2 . 4 3 
2. 94 
2. 63 
2 . 2 7 
1. 64 
1. 98 
2 . 6 9 
3 . 28 
2. 77 
2. 29 
2 . 9 3 

2. 50 

E C 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

90 
44 
25 
36 
38 
30 
52 
33 
36 
61 
66 
98 

51 

TDS 

1240 
940 
830 
900 
9 2 0 
880 

1030 
890 
940 

1120 
1150 
1310 

1 i"l 0 

pH 

8. 0 
7. 6 
7. 7 
7. 5 
7. 8 
7. 5 
7. 5 
7. 6 
7. 6 
7 . 9 
7. 6 
7. 3 

7. 6 

SAR 

4 . 3 
4 . 6 
3. 8 
4 . 7 
4. 9 
4. 1 
5. 8 
4 . 7 
4 . 9 
5. 0 
5. 1 
5. 7 

4. 8 

ad j . 
SAR 

1 0 . 4 
10. 2 

8 . 6 
10. 2 
1 0 . 8 

9 . 2 
12 . 0 
10. 3 
1 1 . 3 
12. 5 
1 2 . 4 
13 . 1 

10. 9 

RSC 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 5 
0. 0 
0. 0 
0. 0 

0. 0 

Ca 

4. 0 
3 . 3 
3. 5 
3. 2 
3 . 0 
4 . 2 
3 . 5 
3 . 2 
3 . 3 
3 . 7 
4. 0 
4. 2 

3. 6 

Mg 

5. 7 
2 . 6 
2 . 3 
2 . 4 
2 . 4 
1. 6 
2 . 1 
2 . 1 
2. 0 
3 . 2 
3 . 2 
4 . 0 

2 . 8 

Na 

9 . 4 
7 . 9 
6 . 4 
7 . 8 
8. 1 
6 . 9 
9 . 7 
7 . 7 
7 . 9 
9 . 3 
9. 7 

1 1 . 6 

8. 5 

K 

0 . 2 
0 . 4 
0. 2 
0 . 2 
0. 3 
0 . 3 
0. 2 
0 . 3 
0 . 4 
0. 2 
0. 2 
0 . 4 

0. 3 

C°3 

0 . 0 
0. 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

H C 0 3 

4 . 6 
4 . 1 
4 . 5 
3 . 9 
4 . 1 
4. 6 
3 . 2 
4. 0 
5 . 8 
6 . 9 
5. 6 
3 . 8 

4. 6 

so4 

4 . 9 
2. 6 
2. 1 
3 . 4 
3 . 3 
2 . 3 
6. 1 
3 . 4 
1 . 6 
2. 2 
4 . 1 
6 . 3 

3. 5 

CI 

9. 8 
7 . 5 
5 . 8 
6 . 3 
6 . 4 
6. 1 
6 . 2 
5. 9 
6. 2 
7 . 3 
7 . 4 

10. 1 

7. 1 

Table A 7 -2 . Average monthly d i scharge and water quality data FB 03, observat ion year 1980 



7. 1. 3. FB 03, presentation of empirical relationships 

CKmV) 

7p- Im.s-'l 

Fig. A 7-3. Float-pendulum relation FB 03, 
observation year 1980 

Fig. A 7-4. Discharge - depth relation FB 03, 
observation year 1980 

ECtmmhocm ) 

20 30 40 
[Na*](meqf') 

EC (mmho.cm"1) 
5r-

10 20 30 
[CrKmeq.r') 

Fig. A 7-5. EC - Na concentration relation FB 03, 
observation year 1980 

Fig. A 7-6. EC - CI concentration relation FB 03, 
observation year 1980 

7. 2. FB 04, Roda drain: data presentation 
7. 2. 1. FB 04, detailed date presentation 

E 

o 
X 

u i 
O v 

s i 
« I l w •> 

8 1 °xl 

09/01 
23/01 
06/02 
24/02 
14/03 
04/04 
18/04 
30/04 
18/05 
02/06 
28/06 
11/07 
25/07 
17/09 
11/10 
04/11 
09/11 
17/12 

0.75 
0.21 
0. 18 
0.87 
0. 64 
0. 64 
0. 70 
0.71 
0. 65 
0. 35 
0. 40 

42 
55 
15 
10 
96 
95 

1. 13 

4. 31* 
0. 12 
0. 15 
4.79 
3. 07 
2.69 
3. 71 
2.77 
2. 47 
0. 93 
0. 95 
1. 16* 
1. 67 
3. 61 
3. 98 
2. 17* 
3. 52 
4. 01 

2. 47 
8.42 
8. 25 
1. 87 
2. 13 
1. 87 
1.42 
1. 44 
1. 48 
2. 38 
2. 72 
2. 81 
2. 73 
2. 28 
2. 18 
2. 22 
2. 27 
2. 18 

1590 
5990 
6160 
1250 
1650 
1240 

950 
970 

1000 
1570 
1770 
1820 
1650 
1520 
1490 
1520 
1530 
1450 

8 .4 
7. 4 
7. 6 
7 .6 

7. 4 
7. 4 
7. 7 
8 . 0 
8. 0 
7 .9 
7. 2 

5. 4 
16. 8 
1 8 . 2 
4. 9 
5. 2 
4 . 9 
4 . 9 
6. 5 
5. 2 
7. 0 
8 .2 

10. 5 
7. 6 
8. 2 
6. 2 
6 . 4 
6 .3 
8 .3 

13. 5 
49 . 3 
49 . 6 
11 . 7 
1 3 . 9 
11 . 6 
10. 8 
13. 7 
1 2 . 0 
17. 2 
19. 8 
23 . 9 
18. 0 
19. 0 
1 5 . 8 
1 6 . 4 
1 5 . 9 
18. 2 

0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

5 . 4 
6 . 8 

1 4 . 8 
5 . 2 
5 . 0 
5 . 0 
3 . 0 
2 . 6 
3. 
5. 
4 . 
4. 
4 . 
4. 
5 . 8 
5. 8 
5. 5 
3. 2 

6. 1 
2 3 . 1 
13 . 4 

3. 3 
6 . 9 
3 . 2 
2. 7 
1 . 9 
2. 7 
3. 4 
4. 5 
3. 0 
4 
2 
3 
3 
3. 
3 

13. 0 
65. 0 
68. 5 
10. 2 
12. 7* 
10. 0 

8.3 
9. 8 
8. 8 

14. 6 
17 .6 
20. 0 
16 .2 
15 .4 
13. 0 
13 . 5 
1 3 . 3 
1 5 . 0 

0. 2 
0. 7 
0. 6 
0. 4 
0. 2 
0 . 4 
0. 2 
0. 2 
0 .2 
0. 3 
0. 4 
0. 4 
0. 2 
0 .4 
0. 2 
0. 2 
0 . 4 
0. 4 

0. 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 

4. 7 
9 . 3 
5 .8 
4 . 4 

4. 5 
4. 4 
4. 8 
6 .7 
6 .7 
6 .4 
4. « 

* c o r r e c t e d o r e s t i m a t e d data 

8. 7 
33 . 2 
40 . 1 

5.6 
8. 5* 
7. 2 
4 . 2 * 
3 . 3 
3. 2* 
7. 5 
9. 0 

10. 2 
8. 5 
8 .3 
6 .2 
6 .7 
7 .2 
7 . 9 * 

1 1 . 3 
53 . 1 
5 1 . 4 

9. 1 
9. 1 
7. 2 
6. 0* 
7. 2 
6. 3* 

10. 6 
13. 2 
12. 9 
12. 5 

9. 7 
9. 1 
9. 1 
9. 1 

10. 1* 

Table A 7 -3 . Discharge and water quality measurements FB 04, observation year 1980 



TDS Ippm) 
10000 

8000 

f\\ \^ 
• I l X. 

*f i i i i 

adj. SAR 
50 

- 6000 

-4000 

-2000 

f i l l I I l _J I I l _ 
J F M A M J J A S O N D J F M A M J A S 0 N D 

Fig. A 7 -7 . Discharge and sal inity TDS of FB 04, 
observat ion year 1980 

Fig. A 7-8 . Sodium hazard, SAR and adj. SAR of 
FB 04, observat ion year 1980 

7. 2. 2. FB 04, data presentat ion: monthly averages 

MONTH 

J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
M a y 
June 
Ju l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 

A V E R A G E 

Q 
3 / m / s e c 

2. 14 
2 . 4 9 
3 . 22 
2. 72 
2. 22 
0. 94 
1 . 3 9 
2. 48 
3 . 51 
3 . 4 2 
3. 39 
3. 92 

2 . 6 5 

E C 

2. 50 
2. 0 9 
2. 09 
1. 54 
1. 53 
2. 44 
2. 52 
2. 28 
2. 18 
2. 10 
2. 13 
2. 24 

2. 10 

T D S 

1720 
1 4 1 0 
1490 
1060 
1040 
1680 
1710 
1560 
1 5 2 0 
1 5 0 0 
1510 
1520 

1460 

PH 

8 . 0 
7 . 6 
7. 7 
7. 5 
7. 8 
7. 6 
7 . 4 
7. 6 
7. 7 
8. 0 
7. 6 
7. 2 

7 . 6 

SAR 

6. 1 
5. 6 
5. 1 
5 . 2 
5. 8 
7. 6 
8. 6 
8. 0 
7. 8 
6 . 4 
6 . 7 
8 . 3 

6. 7 

ad j . 
SAR 

1 5 . 3 
13 . 5 
13 . 0 
11 . 6 
13 . 2 
18. 6 
20 . 2 
18. 6 
18. 4 
1 6 . 2 
16. 5 
19. 2 

16. 1 

RSC 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

Ca 

5. 3 
5. 5 
5. 1 
3 . 6 
3 . 1 
5 . 0 
4. 5 
4 . 4 
4 . 5 
5 . 7 
5 . 0 
3 . 7 

4 . 6 

Mg 

6 . 3 
3 . 7 
5 . 4 
2. 7 
2 . 5 
4. 0 
3 . 8 
3 . 3 
2. 9 
3 . 0 
3 . 4 
3 . 4 

3 . 6 

Na 

1 4 . 8 
1 2 . 0 
1 1 . 6 

9 . 2 
9 . 7 

1 6 . 2 
1 7 . 6 
15. 7 
1 5 . 0 
13 . 3 
1 3 . 7 
15. 6 

1 3 . 5 

K 

0. 2 
0 . 4 
0 . 3 
0. 3 
0. 2 
0 . 4 
0 . 3 
0 . 3 
0 . 4 
0. 2 
0 . 4 
0 . 4 

0 . 3 

C 0 3 

0 . 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 

o.o 
0. 0 

0 . 0 

H C 0 3 

4. 8 
4 . 6 
6 . 0 
4. 1 
4 . 9 
5 . 3 
4 . 5 
4 . 6 
5. 1 
6. 6 
5 . 8 
4. 8 

5 . 2 

so4 

9 . 9 
6 . 7 
7. 7 
5. 0 
3. 6 
8 . 3 
9 . 1 
8 . 3 
8. 0 
6. 5 
7 . 4 
7. 3 

7.1 

Cl 

1 1 . 9 
10. 3 

8 . 7 
6 . 7 
7. 0 

1 2 . 0 . 
12. 6 
10. 8 

9. 7 
9. 1 
9 . 3 

1 1 . 0 

9. 7 

Table A 7 -4 . Average monthly d i scharge and water quality data FB 04, observat ion year 1980 

7. 2. 3. FB 04, presentat ion of empir i ca l re lat ionships 
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F ig . A 7-9 . D ischarge -depth relation FB 04, 
observat ion year 1980 

Fig . A 7 -10 . EC - Na concentration relation FB 04, 
observat ion year 1980 
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Fig. A 7-11. EC-C1 concentration relation FB 04 , 
observation year 1980 
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Fig. A 7-12. Depth-double mass relation, FB 04 
and FB 03, observation year 1980 
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Fig. A 7-13. Discharge - double mass relation 
FB 04 and FB 03, observation 
year 1980 
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Fig. A 7-14. Salinity-double mass relation FB 04 
and FB 03, observation year 1980 



7. 3. EB 07, Bahr Bagar drain at 'Kubri Saud': data presentation 

7. 3. 1. 

Q 

06/01 
27/01 
10/02 
25/02 
09/03 
23/03 
13/04 
20/04 
04/05 
26/05 
03/06 
15/06 
29/06 
16/07 
31/07 
18/08 
22/09 
04/10 
27/10 
11/11 
24/11 
07/12 
25/12 

EB 07, 

&1 

3. 04 
2.92 
2. 74 
3. 05 
2 .96 
2.91 
2. 84 
2. 81 
2. 81 
2. 88 
2. 90 
2. 86 
2. 88 
2. 95 
3. 08 
3. 01* 
3. 22 
3. 18 
3. 09 
3. 04 
3. 10 
3. 07 
3. 32 

detailei 

w '.. 
u w 

1 s 

5 1 
28. 82 
28. 40 
18. 00 
33. 81 
30. 59 
26. 27» 
24. 79 
22. 22* 
20. 98 
23. 13* 
23. 60 
26. 60 
27. 38 
26. 35 
31. 67 
28. 52* 
33. 52 
35. 40 
24. 05 
35. 07 
26. 23 
24. 66 
39. 40 

i data 

'E 
u 
6 

1. 18 
1. 46 
1.45 
0. 99* 
1. 17 
1. 28* 
1. 16 
1. 12 
1. 22 
1. 00 
1. 07 
1. 04 
1. 13 
1. 3D* 
1. 04 
1.02 
1.06 
1. 13 
1. 15 
1. 16 
1. 66 
1. 47 
1. 40 

presentation 

en £ 
Q & 

820 
1010 

970 
650 
7 80 

1080 
770 
800 
820 
700 
760 
7 40 
710 
820 
720 
720 
750 
830 
7 60 
860 

1190 
990 
970 

X 

• 

7. 2 
7. 6 
7. 6 
7. 8* 
7. 7 
7. 5 
7. 5 
7. 3 
7. 2 
7 . 4 
7 . 0 
7. 4 
7 . 4 
7 . 3 
8. 1 
8. 6 
7 . 4 
7. 3 
7. 3 
7. 8 
7. 4 
7. 3 
7. 9 

3. 1 
3 . 0 
2 . 9 
1. 8 
0. 5 
3 . 7 
2. 8 
3. 3 
3 . 9 
1. 7 
2. 5 
2. 3 
2. 3 
5. 7 
2. 7 
2 . 3 
3 . 0 
2 . 4 
1. 6 
2. 4 
3. 5 
2. 1 
4. 4 

PS 
< 

7 . 3 
7 . 6 
7. 4 
4. 1 
1 . 4 
9 . 9 
4 . 7 
7 . 9 
8. 3 
4. 1 
6 . 2 
5. 5 
5. 5 

11.7 
6. 3 
5 . 5 
7 . 0 
6 . 0 
3 . 9 
6. 2 
8 . 9 
5. 6 

10. 5 

.-( 

SI 

0. 0 
0. 0 
0. 0 
0 . 0 
0 . 0 
3. 5 
0. 0 
0. 7 
0. 0 
0 . 0 
1. 1 
0 . 0 
0. 0 
0. 1 
0. 0 
0 . 0 
0 . 0 
0 . 4 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

•-• 
CT 
V 

o i 

3 . 6 
4 . 6 
4. 7 
3 . 3* 
5 . 2 
3 . 7 
3 . 5 
3 . 0 
3 . 2 
3 . 2 
2 . 6 
4 . 4 
4 . 4 
2 . 2 
3 . 4 
3 . 2 
3 . 2 
3 . 7 
4. 2 
4 . 6 
4. 6 
5. 2 
3 . 2 

r-

M r 

I 1 

2 . 4 
3. 8 
3. 3 
2. 8* 
5. 2 
3 . 6 
3. 1 
2. 7 
2. 4 
3 . 4 
3. 5 
1 . 7 
1. 7 
1. 8 
2 . 3 
2 . 9 
2 . 4 
2. 3 
3. 3 
2. 7 
3. 1 
4. 8 
3. 0 

t ~ l 

& 
Of 

i 

5 . 4 
6. 1 
5 . 7 
3. 1* 
1. 2 
7 . 0 
5. 1 
5. 5 
6. 6 
3. 0 
4 . 3 
4 . 0 
4 . 0 
8. 0 
4. 5 
4. 0 
5 . 0 
4. 2 
3. 1 
4. 6 
6 . 9 
4 . 7 
7. 7 

«-1 

à 
V 

«1 

0. 3 
0. 1 
0. 2 
0. 1* 
0. 2 
0. 2 
0 . 3 
0. 1 
0. 1 
0 . 4 
0. 2 
0. 2 
0. 2 
0. 2 
0. 2 
0. 2 
0. 2 
1. 2 
0. 6 
0. 2 
2. 0 
0. 2 
0. 1 

""" 

»"I 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 

1 - . 

o Z 
x £• 

5. 1 
7. 7 
7 . 4 
4. 2* 
5. 2 

10.8 
1.2 
6 . 4 
3 . 2 
5. 6 
7. 2 
5. 2 
5. 2 
4. 1 
5 . 4 
5 . 3 
5. 4 
6 . 4 
5 . 0 
7 . 0 
6 . 4 
7. 0 
5. 8 

~̂* 

0 c m fc 
i i 

2 . 8 
0 . 8 
1. 2 
2 .7* 
2 . 3 
0 . 1 
S. 8 
0 . 9 
4. 1 
1. 0 
0. 0 
2 . 4* 
0 . 4 
1 . 8 
0. 8 
1 . 4 
1 . 3 
1 .4 
0 . 9 
0. 8 
6 . 0 
0. 2* 
3 . 7 

'-' 
& 
V 

G l 
i i 

3. 8 
6. 1 
5. 3 
2. 4* 
4 . 3 
3 . 6 
5 . 0 
4 . 0 
5. 0 
3 . 4 
3 . 5 
2. 7* 
4 . 7 
6 . 3 
4 . 2 
3 . 6 
4. 1 
3. 6 
5. 3 
4. 3 
4. 2 
7. 7 
4. 5 

* corrected or estimated data 

Table A 7-5. Discharge and water quality measurements EB 07, observation year 1980 
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Fig. A 7-15. Discharge Q and salinity TDS of 
EB 07, observation year 1980 

7. 3. 2. EB 07, data presentation: monthly averages 

Fig. A 7-16. Sodium hazard, SAR and adj. SAR, 
of EB 07, observation year 1980 

MONTH 

Janua ry 
F eb rua ry 
March 
Apri l 
M a y 
June 
July 
Augustus 
September 
October 
November 
December 

AVERAGE 

Q 
3 / m / s e c 

28. 63 
25. 75 
28. 52 
23. 54 
22. 21 
26. 03 
28.03 
29.79 
32. 68 
29. 63 
29. 77 
31. 44 

28. 01 

E C 

1. 26 
1. 11 
1. 20 
1. 19 
1. 08 
1.01 
1. 13 
1. 02 
1. 06 
1. 11 
1. 29 
1. 40 

1. 15 

T D S 

900 
800 
890 
830 
7 50 
740 
7 60 
7 2 0 
760 
800 
9 60 

1000 
820 

p H 

7. 4 
7. 7 
7. 6 
7. 4 
7. 3 
7 . 3 
7. 5 
8. 1 
7. 5 
7 . 3 
7. 5 
7 . 5 

7. 5 

S A R 

3. 0 
2. 2 
1 . 9 
3 . 2 
2. 6 
2 . 3 
3 . 9 
2. 4 
2. 8 
2. 1 
2. 7 
3 . 4 

2. 7 

adj. 
SAR 

7 . 6 
5. 5 
5. 1 
7 . 4 
6. 1 
5. 7 
8. 7 
5. 8 
6 . 6 
5. 1 
6 . 8 
8. 5 
6 . 6 

R S C 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

C a 

4. 1 
4 . 0 
4 . 3 
3 . 3 
3. 1 
4. 0 
3 . 0 
3 . 3 
3 . 3 
3 . 9 
4. 6 
3 . 9 

3. 7 

M g 

3 . 0 
3. 2 
4. 2 
3. 0 
3. 0 
2. 1 
1 .9 
2. 7 
2. 5 
2. 7 
3 . 0 
3. 7 

2 . 9 

N a 

5 . 7 
4. 2 
4. 0 
5. 7 
4 . 6 
4. 1 
6. 1 
4 . 2 
4. 7 
3. 8 
5 . 2 
6. 6 

4. 9 

K 

0 . 2 
0. 1 
0. 2 
0 . 2 
0 . 3 
0. 2 
0. 2 
0 . 2 
0 . 3 
0 . 9 
0. 8 
0 . 3 

0. 3 

C 0 3 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

H C 0 3 

6 . 4 
5. 7 
7 . 2 
f. 3 
4. 7 
5 . 7 
4. 7 
5 . 3 
5. 5 
5 . 8 
6. 6 
6 . 3 

5 . 7 

so4 

1. 7 
2. 0 
1. 6 
3. 4 
2. 2 
1.2 
1. 2 
1 . 3 
1. 4 
1. 2 
2. 5 
2. 7 

1. 7 

Cl 

4. 9 
3. 8 
3. 9 
4. 5 
4. 1 
3. 5 
5 . 3 
3. 8 
3. 9 
4 . 3 
4. 5 
5. 5 

4 . 4 

Table A 7-6. Average monthly discharge and water quality data EB 07, observation year 1980 



7. 3. 3. EB 07, presentat ion of empir ica l re lat ionships 
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Fig. A 7-17. Float-pendulum relation EB 07, 
observat ion year 1980 
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Fig. A 7-18. Discharge - depth relation EB 07, 
observat ion year 1980 
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F ig . A 7-19. EC-Na concentration relation EB 07, 
observat ion year 1980 
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Fig. A 7 -20 . EC-C1 concentration relation EB 07, 
observat ion year 1980 

7. 4. EH 11, Bahr Hadus drain at 'Kubri Bahr Hadus': data presentat ion 

7 . 4 . 1. 

V 
re 

a 
06/01 
27/01 
10/02 
25/02 
09/03 
23/03 
13/04 
2P/04 
04/05 
26/05 
03/06 
15/06 
29/06 
16/07 
31/07 
18/08 
22/09 
04/10 
27/10 
11/11 
24/11 
07/12 
25/12 

EH 11, 

X 

3 . 7 1 
3. 4 6 
3 . 4 7 
3 . 8 5 
3 . 7 5 
3. 57 
3 . 7 2 
3 . 7 1 
3. 60 
3. 7 0 
3. 62 
3 . 7 4 
3: 56 
3 . 88 
3 . 93 
3 . 9 0 
4. 09 
3. 3 3 
3 . 7 7 
3 . 87 
3 . 93 
3. 80 
3. 88 

detailed data 

DC ' 
'E 
u 

X " X 
är> ' E 
O i H i 

29 . 13 
2 1 . 0 3 
1 5 . 4 4 
3 2 . 4 3 * 
3 8 . 9 2 
2 9 . 4 7 
35 . 12 
3 4 . 55 
30 . 09 
3 9 . 7 0 
24 . 69 
3 2 . 5 0 * 
29 . 8 6 * 
4 0 . 78 
4 4 . 4 8 
3 4 . 30 
4 3 . 8 2 
29 . 55 
3 1 . 3 9 
3 5 . 3 7 * 
28 . 28 
28 . 00 
4 2 . 1 0* 

2. 52 
3. 83 
4. 51 
2. 0 4 * 
1 . 8 7 
2; 31 
2. 21 
2. 30 
2. 50 
1. 60 
2. 22 
2. 38 
2. 5 5* 
2. 55 
2. 55 
2. 55 
2 . 4 6 
2. 18 
2. 09 
2 . 2 8 
2. 73 
2 . 7 3 
2. 18 

presentat ion 

1550 
2 3 9 0 
2 7 4 0 
1 1 9 0 
1 3 6 0 
1470 
1510 
1430 
1550 
1 0 8 0 
1 5 0 0 
1520 
14.70 
1 6 3 0 
1620 
1 6 5 0 
1 5 6 0 
1440 
1 3 8 0 
1 5 1 0 
1540 
1 7 8 0 
1 4 1 0 

X 
p. 

7. 4 
7. 5 
7 . 6 
7 . 9 * 
7 . 7 
7 . 6 * 
7. 4 
7. 7 
7 . 4 
7 . 6 
7 . 3 
7 . 4 
7 . 4 
7. 2 
7. 8 
7 . 4 
7. 6 
7. 4 
7. 8 
7 . 9 
7. 5 
7 . 3 
8. 2 

O. < 
Ui 

5. 8 
6 . 9 
8. 0 
4 . 9 
3 . 7 
4 . 7 
6. 0 
6. 1 
6 . 6 
4 . 3 
4 . 6 
7. 1 
8. 5 
8. 5 
7. 1 
6 . 8 
6 . 9 
5. 2 
5. 5 
5. 0 
7 . 4 
4 . 7 
5 . 6 

< 

•5* 

14. 0 
18 . 3 
2 1 . 7 
10. 5 

8 . 8 
1 2 . 7 
16 . 1 
1 4 . 6 
1 3 . 9 
10 . 0 
12 . 6 
1 7 . 4 
20 . 1 
20 . 0 
1 7 . 6 
16. 8 
16. 5 
1 3 . 0 
1 4 . 2 
1 3 . 3 
1 7 . 6 
1 1 . 9 
1 3 . 4 

R
S

C
 

(m
eq

. 1
 

0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 

& 
u 

te p 
u-E 

4. 2 
9 . 5 
8 . 9 
3 . 8* 
5. 2 
5. 2 
5 . 0 
4 . 5 
4 . 7 
5 . 0 
3 . 6 
4. 4 
3 . 4 
3 . 1 
4. 7 
5 . 0 
4. 7 
5 . 3 
5 . 3 
5 . 4 
6 . 8 
5 . 8 
3 . 9 

* • — 

tr 

2 ! 

7. 0 
8 . 6 

10. 8 
4 . 7* 
6 . 8 
6 . 4 
4 . 5 
4 . 5 
5 . 3 
2 . 6 
8. 0 
4 . 4 
3 . 4 
4 . 9 
4 . 8 
4 . 5 
4 . 8 
4 . 8 
3 . 8 
5. 7 
2 . 3 
9. 2 
5 . 6 

Ä 

& 
V 

« p 
Z i 

1 

13. 7 
20 . 9 
2 5 . 0 
1 0 . 2 * 

9. 0* 
11.'2 
13 . 0 
13 . 0 
14. 8 

8. 3 
1 1 . 0 
14. 8 
1 5 . 7 

17. 0 
15. 5 
1 4 . 8 
15. 0 
1 1 . 6 
1 1 . 8 
11 . 7 
15. 7* 
13. 0 
1 2 . 3 

Ä 

& 
a l 

0. 2 
0. 2 
0. 2 
0. 1* 
0. 2 
0. 2 
0. 3 
0 . 2 
0. 2 
0. 1 
0. 2 
0. 2 
0. 4 
0. 5 
0. 2 
1. 1 
0. 1 
0 . 2 
0. 1 
0 . 2 
0 . 2 
0. 2 
0 . 2 

i 

° E 
u 3. 

0. 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0 . 0 
0. 0 

^ 

o % 
X i 

4. 2 
5. 1 
6 . 2 
2. 6* 
3 . 6 
8 . 0 
9 . 2 
4 . 4 
2 . 3 
4 . 4 
8 . 8 
5 . 6 
5 . 6 
4. 8 
5 . 4 
5 . 3 
4 . 5 
5 . 4 
6 . 7 
7 . 6 
4 . 6 
4. 0 
4. 2 

<n E 

4 . 9 
6 . 8 
7 . 5 
6 . 6 * 
9. 1* 
0. 2 
0. 1 
6 . 3 
8. 2 
5. 6* 
2. 8 
3 . 2 
2. 3 
6. 0 
5 . 8 
5. 8 
5 . 8 
6 . 6 
3 . 0 
3 . 4 
0 . 4 * 

11 . 7 
6 . 9 * 

-~ 

& 

1 ' 1 

16. 0 
27. 3 
31 . 2 

9. 6* 
8. 5 

14. 8 
13. 5 
11. 5 
14. 5 

6. 0* 
11 . 2 
1 5 . 0 
1 5 . 0 
14. 7 
1 4 . 0 
1 4 . 3 
1 4 . 3 
9. 9 

1 1 . 3 
1 2 . 0 
20. 0 
12. 5 
1 0 . 9 ' 

* corrected or estimated data 
Table A 7-7 . Discharge and water quality measurement s EH 11, observat ion year 1980 
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Fig. A 7-21. Discharge Q, and salinity, TDS of 
EH 11, observation year 1980 

Fig. A 7-22. Sodium hazard, SAR and adj. SAR, 
of EH 11, observation year 1980 

7 .4 .2 . EH 11, data presentation: monthly averages 

MONTH 

Janua ry 
F eb rua ry 
Ma rch 
Apri l 
M a y 
June 
July 
August 
September 
October 
November 
Dfect-ir-ber 

AVERAGE 

Q 
3 / m / s e c 

25. 22 
22. 65 
33. 88 
33. 56 
34. 32 
29. 79 
39. 45 
37. 80 
40. 22 
30. 81 
31. 79 
35. 48 

32.97 

E C 

3 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

2 

07 
87 
13 
28 
94 
35 
49 
49 
42 
10 
40 
31 

38 

T D S 

1880 
1790 
1400 
1480 
1290 
1500 
1600 
1620 
1570 
1410 
1 520 
1540 

1530 

p H 

7. 4 
7. 7 
7. 6 
7. 5 
7. 5 
7. 4 
7. 4 
7. 5 
7. 6 
7. 6 
7. 7 
7. 6 

7. 5 

SAR 

6. 3 
6. 2 
4. 3 
5. 9 
5. 3 
6. 8 
8. 0 
6 . 9 
6. 7 
5. 4 
5. 8 
5. 2 

6. 1 

adj. 
SAR 

15. 8 
15. 1 
11. 0 
15. 2 
12. 2 
17. 0 
19. 2 
16.9 
16.3 
13. 7 
14. 9 
12.7 

15. 0 

R S C 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

Ca 

6 . 4 
6. 0 
5. 1 
4. 8 
4. 8 
3. 9 
3. 7 
4 . 9 
4. 8 
5. 3 
5 . 9 
4. 5 

4. 9 

Mg 

7. 5 
7. 1 
6. 3 
4. 8 
3 . 9 
4 . 9 
4. 6 
4. 6 
4. 7 
4. 3 
4. 5 
7. 0 

5. 2 

Na 

16. 5 
15. 8 
10.2 
13. 0 
11. 0 
14. 2 
16. 3 
15. 0 
14.7 
11. 8 
13. 2 
12. 5 

13. 6 

K 

0. 2 
0. 1 
0. 2 
0. 2 
0. 2 
0 . 3 
0. 4 
0. 7 
0. 3 
0. 1 
0. 2 
0. 2 

0 Ï 3 ~ 

co3 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

HC0 3 

4. 6 
4. 0 
5. 6 
6. 5 
3. 8 
6. 3 
5. 1 
5. 2 
4. 7 
6. 1 
6. 3 
4. 2 

5. 2 

so4 

5. 7 
7. 1 
4. 8 
3. 2 
6. 5 
2 . 9 
5. 4 
5. 8 
5 . 9 
4. 6 
2. 8 
8. 5 

5. 2 

Cl 

20. 3 
17.9 
11.4 
13. 1 
9. 6 

14. 1 
14. 5 
14.2 
13.9 
10. 8 
14. 7 
11. 5 

13. 6 

Table A 7-8. Average monthly discharge and water quality data EH 11, observation year 1980 

7. 4. 3. EH 11, presentation of empirical relationships 

a l m V 1 ) 
50 r 

40 

30 

20 

10 

0.4 _ 06 
Vp im.s') 

Fig. A 7-23. Float-pendulum relation EH 11, 
observation year 1980 

D(n3 

Fig. A 7-24. Discharge-depth relation EH 11, 
observation year 1980 



EClmmho.cm" 
5 r 

EC(mmho cm ) 
5 

10 20 30 
[Na*] (meq.I-' 

F i g . A 7 -25 . E C - N a concen t r a t i on r e l a t i on EH 11 , 
o b s e r v a t i on y e a r 1980 

20 30 40 
rcl-Kmeq.l') 

Fig . A 7-26. EC -C1 c oncen t r a t i on r e l a t i on EH 11 , 
o b s e r v a t i on y e a r 1980 

7. 5. EH 13, Bah r Hadus d r a i n â t J Cîutf a l l j ^ d a t a Ji re_senta t ion 

7. 5. 1. EH 13, d e t a i l ed da ta p r e s e n t a t i o n 

1? 
Q 

07/01 
28/01 
11/02 
26/02 
10/03 
24/03 
14/04 
21/04 
06/05 
27/05 
04/06 
16/06 
01/07 
16/07 
01/08 
18/08 
22/09 
04/10 
27/10 
11/11 
24/11 
07/12 
25/12 

X 

u c 

• 

«*7 
oc 

5 s 

46 
46 
59 
62 
45 
43 
34 
54 

93 
19 
03 
99 
94 
47 
33 
83 

O 
W 

2 
4 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 

£ 
u 
d 
X. 

E 

24 
33 
78 
21 
04 
64 
47 
13 
29 
16 
46 
33 
73 
73 
82 
73 
73 
46 
18 
46 
28 
19 
55 

1430 
2690 
3520 
1400 
1270 
1710 
1440 
1380 
1440 
1390 
1510 
1500 
1660 
1780 
1800 
1750 
1730 
1620 
1420 
1600 
2070 
2020 
1650 

X 
p. 

1 

8. 2 
7. 6 
7.4 
7. 3 
7. 3 
7. 2* 
7. 2 
7. 5 
7. 4 
7. 6 
7. 6 
7. 1 
7. 1 
7. 3 
7. 7 
7.4 
7. 5 
7. 3 
8.0 
7. 8 
7. 4 
7. 4 
8. 1 

< 
to 

6. 
11. 
11. 
5. 
3. 
6. 
5. 
6. 
6. 
6. 
4. 
6 
6. 
9. 
6. 
6. 
6. 

10. 
5. 
5 
7. 
7. 
9. 

8 
7 
1 
0 
3 
1 
6 
5 
1 
3 
8 
2 
8 
2 
9 
6 
5 
0 
3 
8 
5 
6 
1 

< 

ce 

15. 
29. 
29. 
11. 
8. 

16. 
8 

15. 
12. 
14. 
10. 
15. 
16. 
21. 
17. 
16. 
16 
23. 
13. 
15. 
18. 
19. 
21. 

5 
1 
4 
7 
1 
4 
6 
1 
6 
8 
4 
4 
9 
8 
4 
6 
5 
6 
8 
5 
5 
0 
7 

U 

(S 

0. 
0. 
0. 
0. 
0. 
0 
0 
0. 
0 
0. 
0 
0 
0. 
0. 
0. 
0. 
0 
0 
0 
0 
0. 
0 
0. 

V 

£ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 

1 

tr 
4) 

" p 

ui 
4. 
9. 

11. 
5. 
4. 
6 
5 
4 
4 
5. 
6 
5 
6. 
3. 
6 
5. 
5 
3 
5 
5 
8 
5. 
3 

8 
0 
0 
0 
7 
3 
0 
0 
2 
0 
2 
0 
0 
6 
3 
2 
7 
2 
0 
1 
0 
8 
9 

& 

s i 
3. 6 
4. 1 

10. 4 
5. 5 
7. 3 
5.3 
5.9 
4. 1 
5. 3 
3. 6 
6. 1 
4. 5 
4. 5 
4.9 
5. 2 
5.6 
5. 8 
2. 8 
5. 0 ' 
6. 0 
4. 8 
6. 2 
3. 7 

it 

13. 
30. 
36. 
11. 
8. 

14 
13 
13 
13 
13 
12 
13 
15 
19. 
16 
15 
15 
17 
11 
13. 
18. 
18 
17. 

& 

9 
0 
2 
4 
2 
6 
0 
0 
2 
0 
0 
6 
6 
0 
5 
3 
7 
4 
9 
7 
9 
7 
8 

& 

*1 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
1. 
0. 
0. 
1. 
0. 
0. 

2 
1 
2 
2 
2 
2 
2 
1 
2 
0 
3 
2 
2 
2 
2 
1 
1 
2 
1 
2 
1 
5 
1 

0 g 

o 3. 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o"} 

3. 8 
4.9 
5. 3 
3.6 
3.6 
8. 0 
0. 8 
4.4 
2. 3 
4. 4 
2.2 
5. 2 
5. 2 
4. 8 
5.4 
5.4 
5. 2 
6.2 
6.6 
7. 6 
4. 5 
4. 8 
5. 4 

o s 
w c 

1 

5. 2 
8. 7 

11. 7 
7. 0 
5. 8 
2.7 
6. 8 
6.3 
8. 4* 
5. 2 
7. 4 
5. 6* 
4. 6 
7. 7 
6.9 
6. 2 
6. 0 
3. 6 
2.7 
2. 1 
7. 9* 

12. 0 
5.9* 

cr-

si 
13. 5 
29.6 
40. 8 
11.5 
11.0 
15.7 
16.5 
10. 5 
12. 2« 
12. 0 
15. 0 
12. 5* 
16. 5 
15.2 
15. 9 
15.6 
16. 1 
14. 8 
12. 7 
15. 3 
20.4' 
14. 4 
14. 2 

* c o r r e c t ed or es t imated data 

Tab l e A 7 -9 . D i s ch a r g e and w a t e r qua l i ty m e a s u r e m e n t s EH 13, o b s e r v a t i on y e a r 1980 

Q{ 

80 

60 

40 

m3.s') 

7i 
7 ! 
ƒ i 

20 

TDS(ppm) 
-i4000 

L A V - ^ TDS * v ' 

3000 

-2000 

-1000 

0 I I I I I I I I I I 1 1 lo 
J F M A M J J A S 0 N D 

adj. SAR 
- I 30 

'7 1, ""T<J\/* 
J L 

20 

10 

J F M A M J J A S 0 N D 

F ig . A 7 -27 . D i s ch a r g e Q and s a l in i ty , TDS of 
EH 13, o b s e r v a t i on y e a r 1980 

F ig . A 7 -28 . Sodium h a z a r d , SAR and ad j . SAR of 
EH 13, o b s e r v a t i on y e a r 1980 



7. 5. 2. EH 13, data presentat ion: monthly averages 

MONTH 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

AVERAGE 

Q 
3 / 

m / s e c 

48 .48 
47.79 
60. 52 
46. 15 
44. 21 

46. 54* 

EC 

2. 73 
3. 22 
2. 33 
2. 33 
2. 20 
2. 41 
2. 70 
2. 70 
2. 66 
2. 34 
2. 75 
2. 66 

2. 54 

T D S 

1710 
2040 
1490 
1450 
1400 
1540 
1760 
1760 
1720 
1520 
1770 
1780 

1630 

pH 

7 . 9 
7. 3 
7. 2 
7. 3 
7. 5 
7. 2 
7. 3 
7. 5 
7. 5 
7. 5 
7. 6 
7. 7 

7 . 4 

SAR 

8. 0 
7. 1 
4. 8 
5. 9 
6. 1 
5. 9 
7. 9 
6. 7 
6. 9 
7. 1 
6. 5 
8. 3 
6 . 7 

adj. 
SAR 

18. 7 
17. 5 
12. 3 
13. 3 
13. 7 
14.3 
19.4 
16.8 
17.4 
17. 7 
16. 8 
20.2 

16 .4 

RSC 

0. 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 

Ca 

5. 7 
6 . 9 
5. 5 
4 . 7 
4 . 6 
5. 6 
4 . 9 
5 . 6 
5. 2 
4. 2 
6 . 2 
4. 7 

5. 2 

Mg 

3 . 8 
7. 1 
6. 2 
5 . 2 
4 . 5 
4 . 9 
4 . 9 
5 . 5 
5 . 3 
4. 1 
5 . 4 
4. 6 

5. 1 

Na 

17. 5 
18.7 
11.6 
13. 2 
13. 0 
13. 6 
17. 5 
15.7 
15.9 
14.4 
15. 6 
17.9 

15. 1 

K 

0. 2 
0. 2 
0. 2 
0. 2 
0. 1 
0. 2 
0. 2 
0 . 7 
0 . 5 
0. 6 
0. 5 
0 . 3 

0. 3 

co3 

0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 

0. 0 

HC03 

4 . 0 
4. 2 
5 . 4 
3. 1 
3 . 3 
4 . 3 
5 . 1 
5 . 4 
5 . 4 
6 . 4 
6 . 2 
5. 1 

4. 9 

S°4 

6. 1 
8. 5 
4 . 6 
6. 3 
6 . 7 
5. 8 
6 . 7 
6. 4 
5. 7 
3 . 2 
4 . 8 
7 . 9 

5 . 9 

Cl 

17. 1 
20. 2 
13.5 
13.9 
12.2 
14. 2 
15. 7 
15.7 
15.8 
13.7 
16.7 
14. 5 

14.9 

* For the period January - July data of 1981 have been used for the calculation of the average 

Table A 7 -10 . Average monthly d i scharge and water quality data EH 13, observat ion year 1980 

7. 5. 3. EH 13, presentat ion of empir ica l re lat ionships 

EC (mmho.cm'1) 
6r 

EC (mmho.cm") 
6r -

20 30 40 
[Na*](meq I"') 

Fig. A 7 -29 . EC-Na concentration relat ion 
EH 13, observat ion year 1980 

30 40 50 
tClKmeq.r1) 

Fig . A 7 -30 . EC-C1 concentration relat ion EH 13, 
observat ion year 1980 

EC (mmho.cm"') EH 13 
6 r / 

40 

20 

10 20 30 40 50 
Q ( m V ) EH11 

EC (mmho.cm"') EH11 
F ig . A 7 -31 . Discharge-double m a s s relation F ig . A 7 -32 . Sal inity-double m a s s relation EH 13 

EH 13 and EH 14, observat ion year 1980 and EH 14, observat ion year 1980 



7. 6. MG 09, pump station No. 4: data_presentation 

7. 6. 1. MG 09, detailed data presentation 

" I o £ O 
U 

16/04 
06/05 
20/05 
09/06 
22/06 
08/07 
25/07 
07/08 
30/08 
14/09 
27/09 
15/10 
06/11 
20/11 
30/12 

1. 42 
2. 13 
1. 38 
1. 25* 
1.92 
1. 48 
1.43 
1. 27 
1. 53» 
1. 40 
1. 51 
1.04 
1. 40 
1. 40 
2. 28 

920 
1320 
910 
710 

1290 
960 
960 
870 
910 
930 
950 
710 
920 
910 

1530 

7 . 4 
7. 8 
7 . 4 
7. 6 
7 . 7 
7. 6 
8. 0 
7. 3 
7. 6 
7. 6 
7. 6 
7 . 4 
7. 6 
7 . 4 
7. 5 

2. 2 
3. 6 
1. 6 
9 . 4 

10. 0 
13 . 5 

6 .3 
8. 7 

14. 1 
9. 3 

11 . 2 
8. 5 

12 . 1 
10. 8 

5. 6 
5. 1 
8. 5 
3 . 9 

2 1 . 1 

0. 0 
0. 0 
0 .0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

3. 5 
4. 2 
3. 5 
2 . 1 
2. 8 
2 . 6 
3 .2 
4. 7 
3. 2 
3 .2 
3 .2 
3 .7 
5. 5 
3 .9 
4. 4 

2. 7 
4. 3 
3. 7 
2. 4 
4. 7 
4 
Z 
1 
1 
2 
6, 
2 
1 
6 
1. 8 

8. 0 
12 . 3 

5. 3 
6. 1 

1 1 . 6 
7 . 5 
8 . 4 
6. 5 
8. 6 
7. 9 
4. 9 
3 . 9 
6 .7 
3. 7 

16. 5 

0. 2 
0. 2 
1. 5 

0 .0 
0 .0 

0 .0 
0 .0 
0. 0 
0 . 0 
0 .0 
0 .0 
0. 0 

3 .8 
3. 6 

6 
0 
8 
7 
0 
0 
7 

4. 8 
5. 4 
4. 9 
5. 0 
4. 0 
4. 7 

1. 6 
4 . 2 
2. 2 
0. 7 
6 . 4 
1 . 5 
1 . 7 
0. 9 
1 . 4 
0. 6 
1. 5 
1. 0 
0. 4 
2. 4 
8. 3 

9. 0 
13. 2 

8. 2 
6. 1 
8 . 3 
8. 7 
7. 8 
7. 2 
7. 6 
8. 7 
8. 1 
4. 6 
8. 6 
8 .3 
9. 9 

* c o r r e c t e d o r e s t i m a t e d data 

Table A 7-11. Water quality measurements MG 09, observation year 1980 

SAR 

O (mV) 

12 -
• 

-

~ 

f t 

1—*(] \ 

-

1 1 1 I 

• 

1 
1 
1 

V 

TDS \y 

1 1 1 1 

1 / 
f-

1 
1 

1 -
1 

JT 

-

1 1 

TDS(ppm) 

1600 

1200 

- 800 

400 

20 

16 -

12 

- adj SAR .' 

•v- ' A, 

J F M A M J J A S 0 N D 
Ol " L. J I I I I L 

12 

J F M A M J J A S 0 N D 

Fig. A 7-33. Discharge Q and salinity TDS of 
MG 09, observation year 1980 

7. 6. 2. MG 09, data presentation: monthly averages 

Fig. A 7-34. Sodium hazard, SAR and adj. SAR of 
MG 09, observation year 1980 

MONTH 

J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
May 
June 
Ju l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 

A V E R A G E 

Q 
3 / m / s e c 

8. 23 
6 . 2 6 
9 . 9 7 

10 . 62 
9 . 2 8 

1 2 . 6 3 
15 . 53 
17. 84 
1 4 . 4 6 
1 3 . 3 0 

8 . 9 2 
1 0 . 4 0 

1 1 . 4 8 

E C 

1 
1. 
1 
1. 
1 
1 
1 
1 
1 

1 

6 8 
72 
51 
51 
37 
51 
14 
54 
89 

73 

TDS 

1010 
1070 

990 
970 
880 
960 
750 
960 

1280 

1100 

pH 

7. 5 
7. 5 
7 . 6 
7. 7 
7 . 4 
7 . 6 
7. 5 
7. 5 
7. 5 

7 . 5 * 

SAR 

5 . 0 
4 . 3 
4 . 9 
4. 4 
4 . 3 
3 . 9 
2 . 3 
2. 7 
6 . 3 

4 . 6 

ad j . 
SAR 

1 1 . 0 
9 . 7 

1 1 . 1 
1 0 . 3 
10. 0 

9 . 3 
5 . 5 
6. 5 

14. 5 

1 0 . 9 

RSC 

0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0 . 0 
0 . 0 

0. 0 

Ca 

3 . 5 
3 . 7 
2. 5 
3 . 0 
4 . 0 
3. 3 
3. 7 
4. 6 
4 . 0 

4. 0* 

Mg 

3 . 2 
3 . 9 
3 . 7 
3 . 6 
1. 8 
3 . 8 
3 . 2 
4 . 6 
3 . 2 

3 . 7* 

Na 

9. 1 
8 . 3 
8 . 6 
8. 0 
7 . 4 
7 . 3 
4 . 3 
5 . 7 

12 . 0 

9. 0* 

K 

0. 2 
0. 8 
0 . 3 
0. Z 
0. 1 
0 . 3 
0. 1 
0. 2 
0. 2 

0. 3 * 

C°3 

0 . 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 

0. 0* 

H C 0 3 

3 . 6 
3 . 8 
4 . 4 
4 . 9 
4 . 8 
5 . 2 
4. 7 
4. 5 
4 . 3 

4 . 6 * 

so4 

1 . 9 
2. 8 
3 . 3 
1 . 7 
1. 1 
0 . 9 
1. 0 
2 . 0 
6. 1 

2. 6* 

Cl 

10. 5 
10. 1 

7 . 4 
8. 2 
7 . 4 
8 , 6 
5 . 6 
8 . 6 
9 . 0 

9. S* 

* F o r the p e r i o d of J a n u a r y - M a r c h data of 1981 have b e e n u s e d for the c a l c u l a t i o n of the a v e r a g e 

Table A 7-12. Average monthly discharge and water quality data MG 09, observation year 1980 



7. 6. 3. MG 09, p r e s e n t a t i o n of e m p i r i c a l r e l a t i on sh i p s 

EC (mmho.crrf1) 
241 -

EC( mmho.cm" ) 

W r 

8 12 16 
[No*] (meq . l ) 

0 2 4 6 8 10 12 H 
[Cnimeq.r'l 

Fig . A 7 -35 . E C - N a concen t r a t i on r e l a t i on MG 09, 
o b s e r v a t i on y e a r 1980 

F i g . A 7 -36 . E C - C 1 c oncen t r a t i on r e l a t i on MG 09, 
o b s e r v a t i o n y e a r 1980 

7._7._ WE JO, Edko pump s ta t ion : da ta p r e s e n t a t i o n 

7. 7. 1. WE 10, d e t a i l ed da ta p r e s e n t a t i o n 

D
al

e 

D
ep

th
 

.Tan I 
Jan II 
Jan HI 
Feb I 
Feb II 
Feb III 
M a r I 
U/03 
24/03 
09/04 
Apr II 
22/04 
May I 
13/05 
21/05 
04/0 6 
14/06 
Jun III 
02/07 
16/07 
Jul III 
02/08 
18/08 
Aug III 
02/09 
18/09 
27/09 
Oct I 
13/10 
Oct III 
02/11 

16/11 

Nov m 
03/12 
17/12 
30/12 

1 SI 

1. 91 
2. 45 
1. 64 
2. 18 
1.96 
1. 86 
!. 42 
2. 60 
5. 64 
4. 42 
4. 46 
4. 62 
5. 05 
5. 47 
4. 99 
6. 35 
6. 06 
6. 81 
8. 95 
8. 84 
8. 93 
9. 42 
9. 09 
8. 94 

10. 28 
10. 29 
10. 03 

7. 09 
5. 98 
5. 22 
5. 19 

6. 24 
5. 41 
4. 91 
2. 60 
2. 44» 

0 

7. 82 
3.91 
4. 93 

4. 67 

3. 83 
3. 74 
3. 15 
4. 30 

4. 00 
3. 55 

3. 45 
3. 28 

2. 91 
3. 28 
3. 28 

3. 55 

4. 00 

4. 55 

5. 00 
6. 55 
6. 37 

O a. 

4900 
2540 
3450 

2960 

2370 
2280 
1970 
2580 

2630 
2280 

2160 
2080 

1950 
2070 
2110 

2200 

2510 

2810 

3170 
4350 
4460 

'a 

t 

7. 7 
7. 2 
7. 4 

7. 7 

7. 7 
6. 7 
7. 6 
7. 9 

7. 6 
7. 8 

7. 7 
7. 6 

7. 4 
7. 6 
7. 7 

7. 5 

7. 5 

8. 0 

7. 4 
7. 1 
7. 9 

< 
in 

19. 0 
13. 1 
14.8 

21.8 

9.4 
9. 2 
6.9 

10. 1 

10. 1 
11. 7 

10. 9 
9.9 

10. 4 
10. 5 
7. 8 

8. 8 

9.4 

10. 8 

15. 6 
19. 5 
19. 0 

< 

t 

48.7 
35. 1 
37. 0 

42. 5 

24. 1 
23. 7 
17. 2 
24.4 

27. 5 
29. 6 

27. 5 
24. 9 

25.4 
25. 8 
20. 8 

23. 8 

25. 5 

27.7 

37. 7 
48. 1 
47.3 

'-. 
& 

O v 

e i 

0. 0 
0. 0 
0. 0 

0. 0 

0. 0 
0. 0 
0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

0. 0 

0. 0 

0. 0 

0. 0 
0. 0 
0. 0 

'-. 
er 
V 

ui 

6. 8 
4. 5 
4. 5 

3. 2 

4. 7 
7. 1 
3. 8 
3. 0 

5. 1 
5. 1 

4. 7 
3.2 

4.6 
3.4 
4. 7 

4. 7 

4. 5 

6.8 

4. 2 
5. 2 
3. 7 

'-
& 

2-E 

13. 2 
5. 5 

10. 2 

3. 4 

8. 8 
6.4 
8. 8 

11. 7 

9. 3 
4. 4 

5. 3 
6.9 

3.9 
6. 1 
8. 3 

8. 3 

9. 5 

8.7 

7. 3 
10. 1 
12. 8 

'~ 
& 
o 

" E Z i 

60. 0 
29. 4 
40. 0 

39.6 

24. 4 
24. 0 
17. 2 
27. 5 

27. 0 
25. 5 

24.3 
22. 2 

21.4 
22. 9 
20. 0 

22. 5 

25. 0 

30. 0 

37. 5 
54. 0 
54. 6 

'-. 
o-
u 

1. 0 
0. 8 
0. 8 

0. 6 

0. 4 
0. 2 
1. 8 
1. 1 

0. 6 
0. 6 

0. 2 
0.6 

0. 4 
0. 5 
0. 4 

0. 2 

1. 1 

0.2 

1. 1 
0. 8 
0. 7 

7 

0. 0 
0. 0 
0. 0 

o. o 

0. 0 
0. 0 
0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

0.0 

0. 0 

o.o 

0. 0 
0. 0 
0. 0 

C*î 

8 F 

5. 0 
9.6 
5. 0 

2. 8 

5. 6 
5. 6 
4. 8 
3.7 

8. 0 
6.8 

6.5 
6.1 

5.9 
5.6 
6.8 

7. 8 

7.4 

5. 3 

4. 8 
4. 7 
4. 7 

'̂  
* à-

0 » 

1 

14.6 
0.4 

15. 0 

15.0 

7. 1* 
1.9 
6. 1* 
6.2 

6.4 
6.3 

4. 1 
6.4 

6. 5 
5. 9 
6.3 

1. 6 

6.3 

9. 5* 

15. 9 
1 9. 5* 
22. 6" 

'-. 
& 
V 

i 

61.4 
30. 2 
35. 5 

29. 0 

25. 6* 
30. 2 
20. 7* 
33.4 

27.6 
22.5 

23. 9 
20.4 

17.9 
21.4 
20. 3 

26. 3 

26.4 

30. 9 

29. 4 
45. 9 
44. 5-

* co r rec t ed o r e s t imated data 

Tab le A 7 -13 . D i s cha rge and w a t e r qua l i ty m e a s u r e m e n t s WE 10, o b s e r v a t i on y e a r 1980 
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Fig . A 7 -37 . D i s cha rge Q and s a l in i ty TDS of 
WE 10, o b s e r v a t i on y e a r 1980 
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Fig . A 7 -38 . Sodium h a z a r d , SAR and adj . SAR of 
WE 10, o b s e r v a t i on y e a r 1980 

7. 7. 2. WE 10, da ta p r e s en t a t i on : mon th ly a v e r a g e s 

MONTH 

January 
Februa ry 
March 
Apri l 
M a y 
June 
July 
August 
September 
October 
November 
December 

AVERAGE 

Q 
3 / m / s e c 

1. 99 
2. 00 
3. 30 
4. 50 
5. 16 
6 .41 
8. 91 
9. 14 

10. 20 
6. 07 
5. 61 
3. 29 

5. 56 

E C 

6. 
4 . 
3 . 
4 . 
3 
3 
3 
3 
4 
5 

4 

27 
97 
9 3 
31 
72 
38 
19 
80 
4 5 
83 

35 

T D S 

3880 
3180 
2410 
2650 
2370 
2160 
2030 
2360 
2880 
3790 

2770 

pH 

7. 2 
7. 5 
7. 1 
7. 7 
7. 7 
7. 6 
7. 5 
7. 5 
7. 7 
7 . 3 

7. 4* 

SAR 

16.4 
16.7 

9 . 9 
9 . 7 

11. 0 
10. 4 
9. 6 
8 . 9 

11. 3 
17. 6 

12. 0 

adj. 
SAR 

45. 1 
39. 6 
25. 2 
25. 5 
28. 7 
26. 3 
24. 1 
24. 2 
29. 3 
42. 9 

31. 0 

R S C 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0 

C a 

6. 1 
4. 1 
5. 3 
4. 3 
5. 0 
4. 3 
4. 1 
4. 9 
5. 8 
4. 4 

4. 9* 

Mg 

9 . 7 
6 . 9 
7. 8 

10. 9 
6 . 0 
5 . 9 
6 . 0 
9. 0 
8. 7 
9 . 3 

8. 2* 

Na 

46. 1 
39. 1 
25. 4 
26. 8 
25 .9 
23 .4 
21. 6 
23. 5 
30. 5 
46 .0 

30. 6" 

K 

1. 0 
0. 7 
0. 6 
1. 2 
0. 5 
0 . 4 
0. 4 
0. 5 
0. 6 
0. 9 

0. 6* 

C°3 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0. 0* 

HC0 3 

8. 8 
4. 6 
5. 4 
5 . 9 
7. 1 
6 . 4 
6. 0 
7. 8 
5. 8 
4. 7 

6. 4" 

so4 

6 . 9 
13.7 

6 . 2 
6 . 8 
5 . 9 
6. 1 
6. 1 
4. 1 

10. 0 
18. 2 

8. 7* 

Cl 

47. 2 
32. 5 
27. 5 
30. 5 
24 .4 
21.5 
20. 0 
26. 0 
29. 8 
37. 7 

29. 2* 

* For the period of J anuary - F eb rua ry data of 1981 have been used for the calculation of the average 

Tab l e A 7 -14 . Ave r ag e mon th ly d i s c h a r g e and w a t e r qua l i ty da ta WE 10, o b s e r v a t i on y e a r 1980 

7 . 7 . 3 . WE 10, p r e s e n t a t i o n of e m p i r i c a l r e l a t i on sh i p s 

EClmmho.cm" ) 
8 

EC (mmho. cm" ) 
8 r 

[Na 1 (meq. I I 

F i g . A 7 -39 . E C - N a c oncen t r a t i on r e l a t i on WE 10, 
o b s e r v a t i on y e a r 1980 

40 60 , 
[Cnimeq I ) 

Fig . A 7 -40 . E C - C 1 c oncen t r a t i on r e l a t i on WE 10, 
o b s e r v a t i o n y e a r 1980 



7. 8. WE 11, Bo s s e i l i pump station: data presentat ion 

7. 8. 1. 

V 

Ô 

Jan I 
Jan II 
Jan III 
Feb I 
Feb II 
Feb III 
M a r I 
12/03 
24/03 
09/04 
Apr II 
22/04 
M a y I 
13/OS 
21/05 
04/06 
14/06 
Jun III 
02/07 
16/07 
Jul HI 
U2/08 
18/08 
Aug III 
02/09 
18/09 
27/09 
Oct I 
13/10 
Oct III 
02/11 
16/11 
Nov III 
C3/12 

17/12 
30/12 

W E 11, 

„ *,. J -

detail 

5 S 

Q-E 

2. 01 
3. 09 
1. 93 
2. 53 
4. 17 
4. 78 
4. 69 

.8. 23 
7. 75 
8. 01 
9. 78 
9. 78 
9. 61 

10. 27 
6. 08 
9. 06 
8. 87 

11. 02 
10. 71 
10. 96 

7. 47 
7. 28 

11. 45 
11. 38 
11. 60 
11. 10 
9. 18 

10. 87 
5. 61 
5. 25 
3.63 
4. 55 
5. 15 
5. C5 
4. 46 
4. 16 

ed data 

'E 

w-E 

2. 53* 
2. 21 
2. 55 

1. 79 

1. 96 
1. 87 
1. 21 
2. 04 

1. 87 
1.41 

1.65 
1. 57 

1. 53 
1. 82 
2. 00 

1. 82 

1. 67 
2. 18 

2. 00 
3. 64 
3. 37 

presentation 

1380 
1460 
1590 

1160 

1170 
1230 
780 

1280 

1230 
950 

1080 
1040 

1010 
1210 
1290 

1150 

1110 
1400 

1300 
2340 
2260 

X 
a 

7. 7 
7.4 
7.4 

7.9 

7. 9 
6. 7 
7. 4 
7. 9 

7. 6 
7. 6 

7. 2 
7. 3 

7.4 
7. 8 
7.3 

8.4 

7. 2 
7. 8 

7. 5 
7. 1 
7. 6 

< 

8.4 
7. 7 
7. 5 

6. 3 

5. 1 
4. 2 
2. 4 
4. 0 

5. 5 
4. 7 

5. 3 
4.9 

3.9 
6. 0 
5. 4 

5.0 

5. 0 
5. 5 

6. 7 
11. J 
11.4 

< 

17.4 
19. 3 
17.4 

13. 0 

12. 0 
10. 6 

5. 7 
9.4 

13. 8 
11. 1 

12. 7 
11. 6 

9.6 
14. 5 
13. 3 

12. 0 

12. 2 
13. 3 

15. 5 
28. 1 
26. 8 

„ 

U SI 
in c 

0. 0 
0.1 
0. 0 

0.0 

0. 0 
0.0 
0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

0.0 

0. 0 
0. 0 

0. 0 
0. 0 
0. 0 

. . 

a* 
V 

U i 

3.0 
3. 5 
3.8 

3.4 

3.7 
7. 4 
3. 5 
5. 0 

4. 1 
2. 0 

3. 2 
3.7 

3.7 
5. 7 
4. 2 

4. 2 

3.7 
4. 0 

3. 2 
4. 8 
3.2 

, 

& 
si. 

3. 7 
3.6 
5. 3 

3. 1 

4. 3 
2. 0 
3.7 
5. 7 

3. 5 
3. 8 

3.4 
2.8 

3. 8 
1. 1 
4. 3 

3. 8 

3. 3 
5. 5 

3. 9 
6. 2 
6.9 

~̂ 

à-

15.3 
14. 6 
16. 0 

11.4 

10. 2 
9. 2 
4. 6 
9. 2 

10. 7 
8. 0 

9.7 
8. 8 

7. 5 
11. 0 
11. 2 

10.0 

9. 3 
12. 0 

12. 7 
26. 0 
25. 6 

—. 

CT 
Cl 

0.3 
0. 5 
0. 5 

0. 2 

0. 4 
0. 2 
0. 2 
0. 5 

0.4 
0.3 

0.2 
0.4 

0.4 
0.4 
0. 3 

0. 2 

0.4 
0. 5 

0.4 
0. 5 
0. 5 

-~. 

0 £ 

0. 0 
0. 0 
0.0 

0.0 

0. 0 
0. 0 
0. 0 
0. 0 

0. 0 
0. 0 

0.0 
0. 0 

0.0 
0. 0 
0. 0 

0. 0 

0. 0 
0. 0 

0.0 
0. 0 
0. 0 

~ 

" ri 

o S 
X l 

1 

3. 0 
7.2 
4. 0 

2.8 

4. 4 
5. 2 
4.4 
3. 6 

6.8 
5. 8 

5.4 
5. 3 

5.9 
6.0 
5. 2 

4. 8 

6.2 
4. 6 

4. 4 
6. 2 
4.3 

in t 

3. 5 
1. 5 
4. 6 

5. 3 

2. 1 
3. 5 
1.4 
5. 4 

0. 4 
1. 4 

1. 7 
1. 7 

0. 8 
1. 5 
3. 5 

1. 2 

1. 6 
5. 0* 

4. 5* 
5. 3 

10.7 

T 
& 
II 

a l 

15. 8 
13. 5 
17. 0 

10. 0 

12. 1 
10. 1 
6. 2 

II. 4 

11. 5 
6. 9 

9. 4 
8. 7 

8. 7 
10. 7 
11. 3 

12. 2 

8. 9 
12. 4* 

11. 3,: 

26. 0 
21. 2 

Table A 7 -15 . Discharge and water quality mea suremen t s WE 11, observat ion year 1980 
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Fig . A 7 -41 . D i scharge Q and sa l ini ty TDS of 
WE 11, observat ion year 1980 

F ig . A 7 -42 . Sodium hazard, SAR and adj. SAR of 
WE 11, observat ion year 1980 



7. 8. 2. WE 11, data presentation: monthly averages 

M O N T H 

J a n u a r y 
F e b r u a r y 
Ma r c h 
A p r i l 
M a y 
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 

Ä VEK.ÂGE" 

* F o r the p 

Q 
3 / m / s e c 

2. 33 
3 . 79 
6 . 9 2 
9. 19 
8. 57 
9. 65 
9. 64 

10 . 08 
10. 63 

7. 18 
4 . 44 
4. 54 

7. 2 5 ~ 

E C 

2. 
2. 
1 
1 
1 
1 
1 
1 
2 
3 

"•> 
e n o d J a n u a r y 

61 
10 
8 0 
7 5 
66 
64 
80 
49 
02 
17 

9 0 " 

T D S 

1610 
1300 
1130 
1110 
1090 
1070 
1170 

920 
1300 
2010 

~ " î T 4 0 ~ 

- F e b r u a r y 

pH 

7. 5 
7. 6 
7. 2 
7. 6 
7 . 5 
7 . 3 
7. 5 
7. 7 
7. 5 
7. 3 

. y—-,-

da t a of 

SAR 

8. 5 
6. 7 
4 . 7 
4 . 0 
5. 1 
4. 8 
5. 1 
4. 5 
5. 6 

10 . 0 

~"?7T 

1981 

a d j . 
SAR 

20. 4 
14. 8 
1 1 . 0 

9 . 7 
12 . 5 
1 1 . 6 
12. 6 
10. 0 
13 . 6 
24 . 2 

2 2 . T " 

bave b e e n 

R S C 

0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

"O — 

u s e d fc 

Ca 

3 . 7 
3 . 5 
4 . 5 
4 . 2 
2. 9 
3 . 7 
4 . 7 
3 . 2 
3 . 7 
3 . 9 

" iT ! " 

r c a l c u 

M g 

4 . 3 
3 . 9 
3 . 5 
4 . 4 
3 . 8 
3 . 2 
2. 7 
3 . 0 
4 . 6 
5. 6 

"47 9 " 

l a t i ng 

Na 

17. 0 
1 2 . 9 

9. 3 
8 . 3 
9 . 4 
8 . 9 
9 . 9 
7 . 9 

1 1 . 5 
2 1 . 8 

" 1 9 7 5 

t he a v e r 

K 

0 . 4 
0. 3 
0. 3 
0. 4 
0. 3 
0 . 4 
0. 4 
0. 2 
0. 4 
0. 5 

~0 . ' 4~ 

' g e 

C°3 

0. 0 
0. 0 
0. 0 
0 . 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 

0 / 0 ' " 

H C 0 3 

5 . 3 
3 . 5 
4 . 4 
4 . 7 
6. 2 
5. 6 
5. 8 
4 . 0 
4 . 9 
5. 1 

"5 . V ' 

so4 

3. 0 
4. 5 
2 . 7 
2. 8 
1 .3 
1 .6 
1. 7 
1. 5 
4. 0 
6. 5 

17TT ' 

Cl 

17. 1 
12. 6 
10 . 5 

9. 8 
8 . 9 
9 . 0 

1 0 . 2 
8. 8 

11 . 3 
20 . 2 

"TO" 

Table A 7-16. Average monthly discharge and water quality data WE 11, observation year 1980 

7. 8. 3. Presentation of empirical relationships 

EC (mmho.cm ) 
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[Na'Kmeq.r1) 
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4 
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Fig. A 7-43. EC-Na concentration relation WE 11, 
observation year 1980 

Fig. A 7-44. EC-C1 concentration relation WE 11, 
observation year 1980 

Q(m3.s"l)WE11 
12 

Q(m3.s"')WE10 

Fig. A 7-45. Discharge-double mass relation WE 11 
and WE 10, observation year 1980 

EClmmho.cm"') WE 11 
*r-

2 4 6 8 
EC (mmho.cm-') WE10 

Fig. A 7-46. Salinity-double mass relation WE 11 
and WE 10, observation year 1980 





ANNEX 8: HP 97 PROGRAMMES 

8.1. Programme 'Floats' 

8.2. Programme 'Hand pendulum meter' 

8.3. Programme 'Water quality processing' 

8.4. Programme 'Periods' 

8.5 Programme 'Interpolation' 

8.6. Programme 'Monthly average' 

8.7. Programme 'yearly average' 

8- 2 

8- 5 

8-11 

8-17 

8-20 

8-23 

8-27 



8 . 1 . Programme "FLOATS' 

U«ei* I ut rue lion H 
/ Programme 'F loa ts ' 

1*1 • * • i 
*• 

INSTRUCTIONS 
INPUT 

DATA/UNITS 
OUTPUT 

D A T A / U N I T S 

Read the data card of the measurement point 

Read the card with programme 'Floats' 

Read Hm 

If there are waterplants in the subsection set flag 2 

Read travel time float first subsection and calculate A^ and 

the fractional discharge 

Repeat steps 4 and 5 for all sub sections 

Print results 

If the next calculation concerns the same measurement point 

reset the counter: 

and continue from step 3 - step 7 

If the next calculation concerns another measurement point, 

read the pertinent data card and continue from step 3 - step 7 

* If there are waterplants in the sub section, the travel time haa not 

been measured. Take in this case the average of t from the sub section 

on the left and right side of the sub section. 

If the travel time has not been determined adjacent to the left and right 

banks of the drain due to waterplants, or because the sub section is 

(nearly) dry and the water is not flowing, do not take t » 0, but enter 

the travel time t by pressing: 

f B 

f A 

EEX 9 

A 



STEP 

OOI 

002 

003 

004 

005 

006 

007 

003 

009 

OIO 

Oll 

012 

013 

014 

OIS 

016 

Ol? 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 
042 

043 

944 

045 

046 

047 

048 

049 

050 

KEY ENTRY 

* LBL a 

SF 2 

RTN 

* LBL b 

STO A 

0 

STO 0 

STO 1 

RTN 

* LBL A 

ISZ I 

RC1 i 

ENT+ 

INT 

STOD 

-
EEX 

2 

X 

STOE 

Rt 

RCLD 

EEX 

2 

• 

STOD 

Rt 

RCLB 

* * y 

• 

. 
8 

5 

X 

RCLD 

RCLA 

X 

RCLE 

* x y 
-

x < 0 T 

RTN 

STtO 

F 2t 

CS2 1 

X < 0 Î 

RTN 

X 

ST + 1 

RTN 

KEY CODE 

21 16 II 

16 21 02 

24 

21 16 12 

35 II 

00 

35 00 

35 01 

24 

21 11 

16 26 46 

36 43 

-21 

16 34 

35 14 

-45 

-23 

02 

-35 

35 15 

-31 

36 14 

-23 

02 

-24 

35 14 

-31 

36 12 

-41 

-24 

-62 

08 

05 

-35 

36 14 

36 II 

-35 

36 15 

-41 

-45 

16-41 

24 

35-55 00 

16 23 02 

23 01 

16-45 

24 

-35 

35 55 01 

24 

IA 
w 

é 

0 

so 

Ha 

£Q 
1 

S1 

A 

COMMENTS 

This programme «eta flag 2 as a signal that ther« are waterplant! in the sub section 

End of programme 

Initialisation programme; reads Hm 

Ho 

Z A w - 0 

t Q - 0 

End of programme 

Main programme 

i - i+1 

100 v.As 

100 v 

O.As 

100 

A, (m2) 

t 

100 w 

100 

w (o) 

t 

B 
t 

V - B/t 

v - 0.85 Vs 

« 
Ho 

A. - w Hm 

Ad 
A « - A . * Ad 
If A < 0. the sub section is dry. Return to label A for the next sub section 

w 
I£ A > 0, programme step 42 is skipped 

LA -I A + A w w w 
If flag 2 is set (waterplants in the section) go to sub routine 1 for reduction of A . If 

flag 2 is not set, programme step 45 is skipped 

If A < O, the sub section is completely filled with waterplants. Return to label A 

for the next sub section. If Ay > 0, programme step 47 is skipped 

Q - T A 
w 

IQ - £Q + Q 

End of main programme 

REGISTERS 

2 

S2 

B 

3 

\ 

S3 

B 

4 

S4 

C 

D • Hm 

5 

S5 

for Bridge Da 

6 
*• Reserved f o 

S6 

D 

100 w |w 

7 
' Bridge Data 

S7 

8 

S8 

E 

A 
s 

9 
•» 

• — > 

S9 

/ 

1 

i 



S U P KEV tNTRr COMMENTS 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

966 

067 

068 

069 

070 

071 

072 

073 

074 

075 

076 

077 

078 

• L8L 1 

R 

RCLA 

. 
5 

+ 

ECLD 

X 

RCLE 

%'i y 

-
RTN 

* LBL B 

SPC 

RC1X 

RCU 

-
PRÎX 

RCL 0 

PRTX 

RCt 1 

PRTX 

RCL 0 

* 
DSP 3 

PRTX 

DSP 2 

RTN 

21 01 

-31 

36 I I 

-62 

05 

-55 

36 14 

-35 

36 15 

-41 

-45 

24 

21 12 

16-11 

36 13 

36 I I 

-45 

-14 

36 00 

-14 

36 01 

-14 

36 00 

-24 

-63 03 

-14 

-63 02 

24 

Sub routine for diminshing A because of floating waterplants 

v 

Hffl 

Hm + 0 . 5 

w 

(Hm • 0 . 5 ) « - Aj 

A 
8 

A d 
A - A - v (Hm + 0 . 5 ) 

V 8 
End of sub routine 

Programme for average velocity 

D + Hm (- distance bridge surface - drain bottom 

Hm 

D 

Print D 

A • IA 
v 

Print A 

Q - IQ 

Print q 

A 

vf - Q/A 

Print v 

End of programme 

£ A 

Hm 

so 

REGISTERS 

I Q 

S1 S2 S3 

Reserved for bridge 

S4 

Reserved for bridge 

S5 

lata 

S6 S7 S8 S9 



8.2 Programme 'HAND PENDULUM METER' 

STEP 

1 

2 

3 

4 

4a 

5 

6 

7 

Uwer I ut ructions 
X programme 'Hand pendulum meter' 

INSTRUCTIONS 

Insert card with programme 'Hand pendulum meter* 

Insert card with data 'Hand pendulum meter' 

Read waterdepth D at reference point and chose resistance body 

type i : K - l ; L - 2 ; M - 3 ; N - 4 

Read a measured angle * and cable length cR, starting from the water 

surface (lowest value of c_ first), proceding downward. 

Calculate depth and velocity 

If during the measurement» the resistance body reached the bottom 

of the drain (the programme calculates D And compares with D) the 
a 

output of step 4 changes to 

Repeat step 4 until all data ara entered, or until the programme 
* 

calculates the final results (step 4a) 

If the programme did not yet give the final results (step 4a) 

calculate the average velocity: 

For the next measurement report steps 3 - 6 

* If a mistake has been made with the data entry (step 4) 

the flags 0 and I have to be cleared: 

and the procedure starts again with step 3 

** 
If odd results are obtained (negative average velocity), the 

calculated velocity distribution is reversed (velocity 

maximum near the drain bottom). Ignore in this case the 

result and calculate the arithmetic average of v : 

• • J —1/ 
INPUT 

DATA / UNJTS 

D 

i 

•R 
CR 

KEYS 

ENTERt 
£ A 

ENTERt 

A 

B 

£ CLF 0 

£ CLF 1 

t i t % 
RCL 9 

f P i S 

RCL I 

* 

ouTf'uï 
DATA 'UMTS 

CR 
D 

a 
V 

a 

v 
P 

D 

v 
P 

I V 

n 

V 
P 



STEP 

OOI 

002 

003 

004 

005 

006 

007 

008 

009 

010 

Oll 

012 

013 

OU 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

KEY ENTRY 

• LBL » 

CLBG 

9 

+ 

STO I 

R+ 

STO D 

RCL i 

ENT • 

INT 

-
1ST X 

EEX 

2 

• 

STO 0 

IU ' 

EEX 

4 

X 

ENTt 

INT 

-
LST X 

EEX 

3 

• 

STO 1 

R* 

1 

0 

X 

STO 2 

0 

STO I 

P Î S 

STO 6 

STO 7 

STO 8 

STO 9 

P-» S 

RTN. 

• LBL A 

DSP o 

PRT X 

DSP 2 

je*- y 

STO A 

x <- y 

KEY COOE 

21 16 11 

16-53 

09 

-55 

35 46 

-31 

35 14 

36 45 

-21 

16 34 

-45 

16-63 

-23 

02 

-24 

35 00 

-31 

-23 

04 

-35 

-21 

16 34 

-45 

16-63 

-23 

03 

-24 

35 01 

-31 

01 

00 

-35 

35 02 

00 

35 46 

16 51 

35 06 

35 07 

35 08 

35 09 

16-51 

24 

21 11 

-63 00 

-14 

-63 02 

-41 

35 11 

-41 

COMMENTS 

Sub programme for initializing the calculator» reading the waterdepth and storing 
the constants of the resistance body used 

Remove contents of the registers 0 - 9 and A - I 

i • 9 (i • number of the resistance body) 

D 

(50 H).(1000 KpCIOOO K-) resistance body i 

50 H 

0.(1000 K()(1000 K2) 

50 8 

100 

0.5 H 

0 . 

10000 

(1000 K,).(l000 K_) 

1000 Kj 

0.(1000 K2) 

1000 K. 

1000 

Kl 

0.(1000 K2) 

10 

K2 

n-1-0 

Change register 0 - 9 with S. - S„ 

£ In (D-Da) - 0 

E{ln(D-D, }2 - 0 
a 

I v ln(D-D ) - 0 

[ v - 0 

Change register 0 - 9 with S- - S^ (original position) 

End of sub programme 

Main programme, calculates depth and velocity 

cR (depth counter reading in dm) 

•R 

CR 

REGISTERS 

0.5 H 

V — Re 
K: 

7.33 

•a 

0 

so 
served 

150666 

1 

SI 
for resistanc 
L: 

6.36501825 

A 

2 
K 2 

S2 
e body data 
M: 

6.08603640 

3 

S3 
\ 

N: 
6.08556300 

B 

4 

S4 

c 

5 

S5 

6 

S6 

I ln(D-D ) 
a 

D 

D 

7 

S7 

:{ln(D-Da)}2 

8 

S8 

I v ln(D-Da) 

E 

i+9| n 

9 

S9 

l V 

1 



STEP 

OSO 

051 

052 

053 

054 

055 

056 

057 

05B 

059 

060 

061 

062 

063 

064 

065 

066 

067 

068 

069 

070 

071 

072 

073 

07A 

075 

076 

077 

078 

079 

080 

081 

082 

083 

084 

085 

086 

087 

088 

089 

090 

091 

092 

0 . 5 

"*— I 

K 

• 
R 

KEY ENTRY 

F l î 

CTO 1 

STO 9 

« LBL 1 

RCL 9 

-
1 

0 

RCL 5 

-
ST*5 

RCL 3 
2 

X 

RCL 1 

X 

X 

RCL 4 

+ 

STO 4 

2 

COS 

STO 6 

3 

ï x 

RCL 4 

X 

RCL A 

x y 

TAM 

RCL 2 

X 

ABS 

X 

RCL 3 

STO C 

R 

STO 3 

RCL 6 

RCL 5 

KEY CODE 

16 23 01 

22 01 

35 09 

21 01 

36 09 

-45 

01 

00 

- 24 

36 05 

-45 

35-55 05 

36 03 

53 

36 01 

- 35 

-35 

36 04 

- 55 

35 04 

02 

-24 

- 45 

42 

35 06 

03 

31 

36 04 

- 35 

36 11 

-41 

- 45 

43 

36 02 

- 35 

16 31 

54 

36 03 

35 13 

-31 

35 03 

36 06 

36 05 

COMMENTS 

) It f l a g 1 i s s e t , go t o LBL 1 ( f l a g 1 i s s e t a f t e r the f i r s t s e t of data) 

J If not ( f i r s t s e t of data c and i ) , sk ip s t e p 051 

c R (0 ) - cR 

c R (0 ) 

CR " C R ^ " ' ° Ln ( l e n 8 t n o £ c ab le b e l o« water sur face ) 

10 
n 

L - E AL n , n , n- l n- l 
£ AL • n n- l 

iL n-
n 
I 4L 

n-l n 

V l 
n- l 

K l 
K. v 2 , - o 1 n- l n 
0 „ A L „ n n 
n- l 

I i l l • n n 
n-l 
n 
E VLn 

n- l 

n 
0 . 5 [ a AL . n n n- l 

n 
*„ - 0 . 5 I o AL 

R n - l n n 

n 
cos (K - 0 . 5 E o AL ) 

n- l " n 

3 " 
cos U - 0 . 5 E a AL ) 

n n- l 
E a AL 

n- l n n 

* n n 
* - cos ( • „ - 0 . 5 £ a AL ) £ o AL 

C R n - l " n n - l n n 

•R 

•c 
*B - *R * *c 
t g * B 

K2 
K2 « *B 

lK2 « » B I . 
(K2 t g * B ) ' - V o 

V l 

V 

n 
cos (* - 0 . 5 E a A L ) 

n R n - l n n 

£ A L 
n - l 

REGISTERS 

0 
H 

SO 
tetervet 

1 

SI 
for r é s i s t a i 

L 

A 

h 

ce bod 

M 

2 

S2 
! data' 

3 

n-11 n 
n 

S3 

~> 
N 

B 

4 

Î "A1 "."A •I " u-1 r 

S4 

C 
v n - 2 | v n - l 

5 
n-l n 

E AL 1 E AL 
n- l n n - l * 

S5 

cos (<fR- 6 

n 
0 . 5 E a AL ) 

A-1 n n 

S6 
£ ln(D-Da) 

D 
D 

7 

S7 
Etln(D-Da)) 2 

8 

S8 
£V ln(D-Da) 

E 

9 
C g (0) 

S9 
E v 

1 
n - l 



STEP 

093 

094 

095 

096 

097 

096 

099 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

126 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

KlY ENTRY 

X 

RCL 0 

2 

X 

+ 

RCL D 

x 4 y ? 

GTO 4 

X* y 

RCL 0 

-
* LBL 3 

RCL 7 

-
ST+7 

F 1? 

CTO 2 

2 

X 

* LBL 2 

2 

• 

RCL B 

x J y 

STO B 

+ 

RCL C 

X 

ST+8 

1 0? 

GTO 5 

RCL 7 

PRT X 

RCL 3 

SF 1 

P •» S 

ST + 9 

x * y 

RCL D 

x * y 

-
LN 

STO 4 

ST • 6 
2 

X 
St + 7 

R* 

RCL 4 

KEY CODE 

-35 

36 00 

02 

-35 

-55 

36 I4 

16-35 

22 04 

-41 

36 00 

-45 

21 03 

36 07 

-45 

35-55 07 

16 23 01 

22 02 

02 

-35 

21 02 

02 

-24 

36 12 

-41 

35 12 

-55 

36 13 

-35 

35-55 08 

16 23 00 

22 05 

36 07 

-14 

36 03 

16 21 01 

16-51 

35-55 09 

-41 

36 14 

-41 

-45 

32 

35 04 

35-55 06 

53 

35-55 07 

-31 

36 04 

COMMENTS 

IL It 

co» (•- -0.5 Î o AL ) I ALn 

0.5 H n ' n ' 

H 
n n Da «-0.5 H - H • cos (•_ - 0.5 I a 4L ) I 4L n K , n n , n 

D n"' n"' 

) If D f Da + O.S H (resistance body on drain bottom) go to label A for setting 

J flag 0 as a signal. If not, skip step 100 

Da + 0.5 H 

0.5 H 

Da n 
Return label for the case D # Da * 0.5 H 

Da , 
n-1 

ADa - Da - Da , and ADa - D - Da , if D ( Da + 0.5 H n n n-1 n n-1 n 
Da n 

") If flag 1 is set (after the first set of data have been entered; n-1 i 0) 
I go to label 2. It not (n-1 - 0) continue at stap 110 

2 Da - H n 
Re tu 

Firs 

rn label for n-1 f1 0 

t set of data (n-1 - 0) n-1 4 0 

0.5 H 0.5 ADa 
n 0 0.5 ADa , 
n— 1 0.5 H 0.5 ADa 

0.5 H 0.5 (ADa +ADa ,) 
n n-1 0 V . 

0 0.5 v ( ADa + ADa ,) 
. _ n-1 n n-l 

IvADa 

) If flag 0 is set ( D ̂  Da + 0.5 H; resistance body on drain bottom) go to label 5 in sub 

J programme label B for printing the results. If not, continue at step 124 

Da 
Q 

V 
n Set flag 1 as a signal that the first set of data has been entered 

Change registers 0 - 9 with S0-S9 

Iv - Zv * v n 
Da 

n 
D 

Da n 
D-Da n 
In (D-Da ) n 

Zln (D-Da) * Iln (D-Da) + In (D-Da ) 

{ln(D-Da ) } 2 

n 2 2 2 
E{In(D-Da))4 -E{ln<P-Da)r + {ln(D-Da ) T 

n 
V 

n In(D-Da ) n 

REGISTERS 

0.5 H 
0 

so 
n. , 

K 

•« 

1 
K. 

S1 

erved for res 
L 

A 

h 

Lstance 
H 

0.5 ADa . 
n-1 

2 

S2 

body 

3 
V 

n 

S3 

l 
N 

B 
0.5 ADa n 

n 4 
I a ALn 

n-1 n 

S4 

ln(D-Da) 

c 
V i 

n 5 
£ ALn 

n-1 

S5 

cos ($R- 6 
n 

3.5 t a ALn) 
n-1 n 

S6 

îln(D-Da) 

D 

D 

7 
Da ,1 Da 

n-1' n 

S7 

I{ln(D-Da)}2 

8 
IvADa 

S8 

î v ln(D-Da 

E 

9 
cR(0) 

S9 

l V 

1 

n-1 



SUP 

UI 

142 

143 

1444 

US 

146 

U7 

148 

149 

ISO 

ISI 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

KEY ENTRY 

X 

ST • 8 

ISZ I 

P Î S 

RCL 3 

PRT X 

RTN 

* LBL 4 

SF 0 

GTO 3 

* LBL 8 

RCL 7 

RCL D 

SPC 

PRT X 

* 
. 
8 

»Jy 
GTO 6 

P J S 

RCL 8 

RCL 6 

RCL 9 

X 

RCL I 

• 

-
RCL 7 

RCL 6 

2 
X 

RCL I 

• 

-
» 

STO 4 

RCL 9 

* t y 

RCL 6 

X 

-
RCL I 

• 

STO 5 

RCL 4 

* 
CHS 

X 
e 

RCL D 

KEY CODE 

-35 

35-55 08 

16 26 46 

16-51 

36 03 

-14 

24 

21 04 

16 21 00 

22 03 

21 12 

36 07 

36 14 

16-11 

-14 

-24 

-62 

08 

16-35 

22 06 

16-51 

36 08 

36 06 

36 09 

-35 

36 46 

-24 

-45 

36 07 

36 06 

53 

36 46 

-24 

-45 

-24 

35 04 

36 09 

-41 

36 06 

-35 

-45 

36 46 

-24 

35 05 

36 04 

-24 

-22 

33 

36 14 

0.5 

^ 
K 

• i 

0 
H 

SO 

1 

SI 
Reserved for 

L 

A 

h 

resist 

M 

0.5 aDa 
D 

COMMENTS 

v In (D-Da ) 
n n 

E v ln(D-Da) -£ v ln(D-Da) • v ln(D-Da ) 
n n 

n • n+l 

change registers 0 - 9 with SO - S9 (original position) 

V 
n 

End of nain programme 

Sub routine for setting signal (flag 0) for D < Dan + 0.5 H (resistance body on drâ 

set flag 0 

Return execution at label 3 

Sub programme, calculates average velovity. Part of the programme (label 5) may be 
called directly from the main programme as a sub routine for printing the results 
in case D < Da + 0.5 H 

n 
Da 

n 
D 

Da /D 

0.8 

If Da /D > 0.8 sufficient measurements have been taken to use equation (4-23) 

for calculating the average velocity in label 6. If not, continue at step 161 

change registers 0 - 9 and SO - S9 

Iv ln(D-Da) 

Iln(D-Da) 

Iv 

Iv Iln(D-Da) 

n 

n~' Iv rin(D-Da) 

I - Iv ln(D-Da) - n" Iv Hn(D-Da) 

I{ln(D-Da))2 

IIn(D-Da) 

(Ein(D-Da))2 

n 

n"1 {Eln(D-Da)}2 

N -£{ln(D-Da)}2 - n"'{Iln(D-Da)}2 

b - T/N 

Iv 

b 

Eln(D-Da) 

b£ In(D-Da) 

îv - b£ ln(D-Da) 

n 

a - n"'{£v-b Iln(D-Da)) 

b 

a/b 

-a/b 
.-./b 

D 

REGISTERS 

2 

S2 
ance be 

3 
V 

n 

S3 
iy data ^ 

N 

B 

n 4 
r o.A Ln 

• n 
Is) 

S 4 
In(D-Da) 1 b 

c 
Vi 

n 5 
r a Ln 

n:l 

S5 
a 

6 
cos (*R-

n 
0.5 I a Atn 

„-1 n 

S6 
l ln(D-Da) 

D 

7 
Da 

n 

S7 
I(ln(D-Da))2 

8 
Iv ADa 

S8 
ïv ln(D-Da) 

E 

in bottom) 

9 

CR(0) 

S9 
I v 

n-1 In ' 



SUP KEY ENTRY KEY CODE COMMENTS 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

2)2 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

* 
RCL D 

LN 

+ 

1 

-
RCL 4 

X 

RCL 3 

+ 

p ; s 
CTO 7 

« LBL 6 

RCL D 

RCL 7 

-
2 

» 
RCL B 

+ 

RCL C 

X 

ST • 

• LBL 5 

RCL 8 

RCL D 

• 

• LBL 7 

DSP 3 

PRT X 

SPC 

DSP 2 

CF 0 

CF 1 

RTN 

-24 

36 14 

32 

-55 

Ol 

-45 

36 04 

-35 

36 05 

- 55 

16-51 

22 07 

21 06 

36 14 

36 07 

-45 

02 

- 24 

36 12 

-55 

36 13 

-35 

35-55 08 

21 05 

36 08 

36 14 

-24 

21 07 

- 63 03 

- 14 

16-11 

-63 02 

16 22 00 

16 22 Ol 

24 

D 

D 

In D 

I - a / b 

„-I - a / b 

In D-l + D~' 

b 

b ( l n D-l • D 

a/b 

- I - a / b 

v - a + b ( In D-l • D~' • " a / b ) 
P 

change r e g i s c e r f 0 - 9 and SO - S9 ( o r i g i n a l p o s i t i o n ) 

continu« program!« at l aba l 7 ( p r in t i ng of r e s u l t ) 

sub rout ine averag« v e l o c i t y i f Da /D > 0 . 8 ( s u f f i c i e n t measurements) 

D 

Da 
n 

D-Da • ADa . 
n n+l 

0 . 5 ADa 
n+1 

0 . 5 ADa 
n 

0 . 5 (ADa., + ADa ) 
n n+i 

v 
n 

0 . 5 v (ADa +ADa A n n n+1 
ïvADa • tvADa + 0 . 5 v (ADa + ADa . . ) n n n+1 

Adres» l a b e l that may be c a l l e d by the main programme ( l a b e l A) i f D £ Da + 0 . 5 H 

( r e s i s t a n c e body on dra in bottom) 

IvADa 

D 

v - D~' EvADa 
P 

Adress label for the case if Da/D < 0.8; this programme part prints the 
results and clears the flags 0 and 1, set during programme excuition 

clear flag 0 

clear flag I 

End of the programme 

REGISTERS 

0 .5 H I *2 
I a AL i_ . n n n-1 

I AL_ 
1-1 

cos (•„- 6 
n "• 

0.5 t i l l , n n n*l »(0) 

SO 
-Reserv 

SI 
d for resist 

L 

S2 
ince body datJ 

M 

S3 
—> 

S4 S5 S6 
Eln(D-Da) 

S7 
EUn(D-Da) 

S8 
t v ln(D-Da) 

S9 



8.3. Programme 'WATER QUALITY PROCESSING' 

Uwer Iiili'uelioii» 
rç>5« 

Programme 
'Water quality 

processing' z> 

OUTPUT 
DATA 'UNITS INSTRUCTIONS 

INPUT 
DATA/UNITS 

Read Che card wich programme 'Wacer quality processing' 

Read the card wich pre-recorded data 

lead the cation concentrations: 

Read the anion concentrations and calculate results: 

Ca 

Mg 

Na 

K 

co3 

HCO-

ENTER t 

ENTER + 

ENTER + 

A 

ENTER t 

ENTER • 

ENTER t 

Por next calculation repeat step 3 and 4 

Ïcat-Ian 

SAR 

adj.SAR 

RSC 

EC 
c 

TDS 



Hilf 

OOI 

002 

003 

004 

005 

006 

007 

008 

009 

010 

Oil 

012 

013 

OU 

015 

016 

Ol? 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

Ktr tNIRY 

* LBL A 

STO 5 

STO 7 

R+ 

STO 1 

ST + 7 

Rt 

I 

2 

. 
1 

5 

2 

5 

x •*- y 

X 

STO 6 

LST X 

STO 0 

ST • 7 

R * 

R + 

2 

0 

0 

4 

x * y 

X 

ST + 6 

LST X 

ST + 0 

ST + 7 

RCL 1 

2 

2 

. 
9 

3 

9 

8 

X 

ST + 6 

RCL 5 

3 

9 

. 
I 

0 

1 

KEY CODI: 

21 II 

35 05 

35 07 

-31 

35 Ol 

35-55 07 

- 3 ! 

Ol 

02 

- 62 

Ol 

05 

02 

05 

-41 

-35 

35 06 

16-63 

35 00 

35-55 07 

-31 

-31 

02 

00 

- 62 

00 

04 

-41 

-35 

35-55 06 

16-63 

35-55 00 

35-55 07 

36 Ol 

02 

02 

- 62 

09 

03 

09 

08 

-35 

35-55 06 

36 05 

03 

09 

- 62 

Ol 

00 

02 

Sub programme» s t o r e s concentrac ions of 

[K+] 

t e a t - [K+] 

[Na+] 

E cat + E cat • [Na ] 

[Mg2+] 

12.1525 

[Mg2*] 

ppm Mg • 12.1525 [Mg2+] 

Ippm • ppm Mg 

[Mg2*] 

Ecat - Ecat + [Mg *] 

ppm Mg 

[Ca 2 + ] 

20 .04 

[Ca2*] 

ppm Ca • 20 .04 [Ca ) 

Eppm - £ppm + ppm Ca 

[Ca 2 + ] 

[Ca2 + • Kg 2 + ] 

I c a t - Ecat + [Ca ] 

[Na+] 

22 .9398 

ppm Na - 22 .9398 [Na+] 

Eppm • Eppm + ppm Na 

[K+] 

39 .102 

COMMENTS 

c a t i o n s ( i n meq. 1 and ppm) 

REGISTERS 

0 

[Mg 2 t ] | tC« 2 + 

2+ 
+Me 1 

SO 
-0 .168965 

1 
[Na+] 

S1 
3.37421 

A 
0.920797 

•0.1918 

0 .132445 

2 

S2 
73 

3 

S3 
3.08763 

B 

4 

S4 
0.942497 

c 
0.820672 

[K+] 

0 .10025 

0 .1346 

5 

S5 

6 

Eppm 

S6 
0.948705 

D 

7 

Ecat 

S7 
0.135698 

8 

0.0502443 

S8 
0.943381 

E 

9 

2.03143 

S9 
0.132651 

1 



STEP 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

067 

068 

069 

070 

071 

072 

073 

074 

075 

076 

077 

078 

079 

080 

081 

082 

083 

084 

085 

086 

087 

088 

089 

090 

091 

092 

093 

094 

095 

096 

097 

098 

099 

100 

KEY ENTRY 

X 

ST + 6 

RCL 7 

STO I 

RTN 

* m B 
STO 4 

STO 7 

R 1 

STO 3 

ST + 7 

R t 

6 

1 

0 

1 

7 

2 

x * y 

X 

ST + 6 

LST X 

STO 2 

ST + 7 

R + 

R * 

3 

0 

0 

0 

4 

6 

x + y 

X 

ST • 6 

LST X 

ST + 2 

ST + 7 

RCL 3 

4 

8 

0 

2 

8 

8 

X 

ST + 6 

KEY CODE 

-35 

35-55 06 

36 07 

35 15 

24 

21 12 

35 04 

35 07 

-31 

35 03 

35-55 07 

-31 

06 

01 

- 62 

00 

01 

07 

02 

-41 

-35 

35-55 06 

16-63 

35 02 

35-55 07 

-31 

-31 

03 

00 

- 62 

00 

00 

04 

06 

-41 

-35 

35-55 06 

16-63 

35-55 02 

35-55 07 

36 03 

04 

08 

- 62 

00 

02 

08 

08 

-35 

35-55 06 

COMMENTS 

ppm K - 39 .102 "[K*'] 

£ppm » Ippm + ppmK 

t e a t 

End of sub programme 

Main programme, s t o r e s c oncentra t ion of anions ( i n meq.1 and ppm) and c a l c u l a t e s r e s u l t s 

[ c i ' 3 

Ian - [Cl"J 

[ s o 2 "] 

j an - j an + [SO^ -] 

[HCOj] 

61 .0172 

[HCOp 

ppm HC03 - 61 .0172 [HCOp 

Ippm • Eppm + ppm HCO_ 

[HCOj 

j an - j an + [HC0,] 

ppm[HC0Z] 

[ c o 2 _ ] 

30 .0046 

[CO2"] 

ppm C03 - 30.00A6 [CO^ ] 

£ppm * Eppm + ppm CO-

[CO2*] 

[HCOpffC02"J 

an - an • [CO."] 

[ so 2 . - ] 

48 .0288 

ppm S0 4 - 48 .0288 [SO 2 - ] 

Eppm •£ ppm + ppm [SO.] 

REGISTERS 

[ C«2\Mg
2+° 

SO 

-0 .168965 

[N . + ] 

3 .3 

0.920797 

1 

S1 

7421 

A 

H C O ' l / 2 

-^[HCO'+COj2" 

S2 

-0 .191873 

2 3 

S3 

3.08763 

B 
0.132445 

4 
[CI - ] 

S4 

0.942497 

c 
0.820672 

5 
[K+] 

S5 

0.10025 

6 
Eppm 

S6 

0.948705 

0 

0.1346 

7 
l c a t | I a n 

S7 

0.135698 

8 
0.0502443 

S8 

0.943381 

E 

I cat 

9 
2 . 0 J 1 4 3 

S9 

0 . 1 3 2 6 5 1 

1 



S>TEP 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

III 

112 

i n 
I U 

113 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

KEV ENTRY 

KCL 4 

ST • 6 

RCL E 

HCL 7 

-
SPC 

DSP 9 

PRT X 

DSP 1 

8 

STO I 

RCL 0 

RCL 1 

+ 

CSB 4 

RCL 0 

GSB 4 

+ 

RCL 2 

CSB 4 

• 

CHS 

9 

. 
4 
+ 

RCL 1 

RCL 0 

2 

i 

/ x 

« 
PRT X 

X 

PRT X 

RCL 5 

ST + 1 

RCL 2 

RCL 0 

-
x <07 

0 

KEY CODE 

36 04 

03 

05 

- 62 

04 

05 

03 

- 35 

35-55 06 

35 15 

36 07 

- 45 

16-11 

- 63 09 

-14 

- 63 01 

08 

35 46 

36 00 

36 01 

- 55 

23 04 

36 00 

23 04 

-55 

36 02 

23 04 

-55 

- 22 

09 

- 62 

04 

- 55 

36 01 

36 00 

02 

- 24 

54 

-24 

- 14 

- 35 

- 14 

36 05 

35-55 01 

36 02 

36 00 

-45 

16-45 

00 

COMMENTS 

lci'1 

35.453 

ppm CI - 35 .453 [Cl"] 

Eppra - Eppm + ppm CI 

t e a t 

Ian 

I c a t - Zan 

Reg i s t e r counter n * 8 

[Ca • Mg] 

[Na*] 

[Ca + Mg • Na] 

Co t o sub rou t ine 4 t o c a l c u l a t e pK' - pK' - 2 .03143 [Ca + Mg • Na] ° - 0 5 0 2 4 4 3 

[Ca + Mg] 

Co t o sub rou t ine 4 t o c a l c u l a t e p(Ca + Mg) - 3 .37421 [Ca • M g ] ' 0 ' 1 6 8 9 6 5 

pKj - pK^ + P (Ca f Mg) 

[CO, + HCO,] 

Co to sub rou t ine 4 to c a l c u l a t e pAlk - 3 .08763 [COj • HCOj] "•"">'•> 

pHc - pKj - pK' + p(Ca • Mg) • pAlk 

-pHc 

9 . 4 

9 . 4 - pHc 

[Nal 

[Ca + Mg] 

[Ca • Mg]/2 

([Ca + Mg ] / 2 } ' 

SAR • 
[Na] 

{[Ca • MgJ/2)1 

adj SAR - SAR ( 9 . 4 - pHc) 

M 
[Na • K] 

[C0j •» HCO,] 

[Ca • Mg] 

[C03 + HC03] - [Ça • Mg] 

1 I f [COj + HCOj] - [Ca + Mg]< 0 RSC - 0 

J I f n o t , s k ip s t ep 149 and RSC - [COj • HC03) - [Ca + Mg] 

REGISTERS 

2+ 2+ ^ 
[ C . Z W ] 

SO 
-0 .168965 

• 1 1 
[Na ] [Na+K] 

SI 
3.37421 

A 
0.920797 

- 2 - 2 

[HC03*C0j ] 

S2 
-0.191873 

2 - 3 

[so* ] 

S3 
3.08763 

B 
0.132445 

4 
[«"] 

S4 
0.942497 

c 
0.820672 

«', 5 

S5 
0.10025 

6 
Eppa 

S6 
0.948705 

D 
0.1346 

7 
tan 

S7 
0.135698 

8 
0.0502443 

S8 
0.943381 

E 
I cat 

9 
2.03143 

S9 
O.I326SI 

1 
n 



|STEP I KEY ENTRY 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

PRT X 

RCL I 

RCL 2 

x > y? 

* * y 

ST-l 

ST-2 

GSB 3 

STO 7 

RCL I 

RCL 4 

X > y? 

* * y 

ST-l 

ST-4 

GSB 3 

ST+7 

KCL 0 

RCL 4 

x > y ? 

* * y 

ST-0 

ST-4 

GSB 3 

ST+7 

RCL 1 

GSB 3 

ST+7 

RCL 0 

CSB 3 

St+7 

RCL 7 

DSP 2 

PRT X 

RCL 6 

5 

+ 

1 

0 

• 

DSP 0 

INT 

I 

0 

KEY CODE 

[Ca • Mg] 

SO 
(-0.168965 

- 14 

36 01 

36 02 

16-34 

-41 

35-45 01 

35-45 02 

23 03 

35 07 

36 01 

36 04 

16-34 

-41 

35-45 01 

35-45 04 

23 03 

35-55 07 

36 00 

36 04 

16-34 

-41 

35-45 00 

35-45 04 

23 03 

35-55 07 

36 01 

23 03 

35-55 07 

36 00 

23 03 

35-55 07 

36 07 

-63 02 

-14 

36 06 

05 

-55 

01 

00 

- 24 

- 6 3 00 

16 34 

01 

00 

COMMENTS 

RSC 

[Na + K] 

[COj • HCOj] 

[Na HCOJ - sma l l e s t va lue of [Na + K] and [CO. + HCO ] 

[Na + K] - [Na • K] - [Na HCOj] ( r e s i dua l Na + K) 

[C03 + HC03] - [C03 + HCOjl - [NaHC03] ( r e s i d u a l C03 • HCOj) 

[NaHCOj 

tUHCOj " TcTH yO.10025 ( t e a t ) Go to sub routine 3 to calculate AEC, 

£ i E C - "CltaHCOj 

[Na + K] (residual Na + K) 

[CI] 

[NaCl] - smallest value of [Na + K] and [CI] 

[Na + K] - [Na • K] - [NaCl] ( r e s i d u a l Na + K) 

[CI] - [CI] - [NaCl] ( r e s i dua l CI) 

Go t o sub rou t ine 3 t o c a l c u l a t e EC„ „ , - J a î Ç i l 0 .135698 ( Z c a t ) 0 - " ' 8 7 0 5 

NaCl t e a t 

0.942497 

IAEC » tiEC + aECj, 

[Ca • M«] 

[Cl] ( r e s idua l Cl) 

[CaCl2] - sma l l e s t va lue of [Ca • Mg] and [Cl] 

a + 

[C»C12] 

[Ca + Mg] - [Ca + Mg] - [CaClj] (residual Ca + Mg) 

[Cl] - [Cl] - [CaCl ] (residual Cl) 

Go to tub routine 3 to calculate AEC, 

IAEC -ZAEC +AEC, 

0.132651 »cat) 
0.943381 

CaCl, 

[Na,SOJ - [Na + K] ( a l l r e s i d u a l Na + K i s cons idered Na,SO,) "2 "4 2~V 
[Na.SO,] . ojflTOT 

Go to sub routine 3 to calculate AEC„ „ - -.. . " 0.132445 (Scat) 
ne-MJ, Lcat 

IAEC - £AEC + AECB c n
 i * 

2 4 

[CaSO^] - [Ca + Mg] (all residual Ca + Mg is considered CaSO^) 

Go to sub routine 3 to calculate AEC„ .. - tCaS04) 0.1346 (Zat) ° - 8 2 0 6 7 2 

C a S 0 4 rcat IAEC - IAEC • AEC, 

EC - £AEC 
c 

TDS - Ippm 

TDS + 5 

(TDS • 5 ) / 1 0 

Int (TDS/10 + 0 . 5 ) 

CaSO, 

REGISTERS 

[Na • K] 

S1 
3.37421 

0.920797 

[HC03+C03] 

S2 
-0.191873 

[»,] 

S3 
3.08763 

[Cl] 

S4 
0.942497 

0.132445 0.820672 

m 
S5 

0.10025 

I ppm tan|£AEC 

S6 

0.948705 

0 .1346 

S7 

0.135698 

0 .0502443 2.03143 

S8| S9I 

0.943381 0.132651 



STEP KEY ENTRY KEY CODE COMMENTS 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

PUT X 

DSP 2 

RTN 

LBL 3 

RCL E 

CSB 4 

* * J 

RCL E 

RTN 

LBL 4 

RCL i 

ISZ I 

Yx 

RCL i 

ISZ I 

-35 

-14 

-63 02 

24 

21 03 

36 15 

23 04 

-41 

36 15 

-24 

-35 

24 

21 04 

36 45 

16 26 46 

31 

36 45 

16 26 46 

-35 

24 

TDS (rounded to nearest 10) - 10 Int (TDS/10 • 0.5) 

End of main programme 

Sub routine for the calculation of the ÛEC of the different salts 

Scat 

Go to sub routina 4 to calculate a(Icat) 

[Salt] 

Scat 

(Salt]/£cat 

AEC , - p ü Ü l 
•ale I cat 

End of tub routint 

a(Icat) 

Sub routine for the calculation of power function: y - ax 

b (0.0502; - 0.169; -0.192; 0.942; 0.949; 0.943; 0.921; 0.821) 

n • n+1 

nb 

a (2.03; 3.37; 3.09; 0.100; 0.136; 0.133; 0.132; 0.135) 

n • n+1 

. M b 

End of sub routine 

REGISTERS 

Eppra 0.0502443 2.03143 

SO 
-0.168965 3.37421 

SI S2 
-0.191873 

S3 
0.943497 

S4 
0.10025 ss S6 

0.948705 
S7 S8 S9 

0.132651 

0.920797 0.13244S 0.820672 0.1346 



8 . 4 . PROGRAMME "PERIODS" 

U«ei» Iiitruetioii« 
Programne 'Periods' 

*• 
S»iL 

~~OUTPUT 
D A T A ' U N I T S 

STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 

Read the card with programme 'Periods' 

In i t ia l ize the main programme 

Read f irs t measurement date 

Read next measurement date and print result 

Repeat step 4 for a l l measurement dates 

dd.mm yy 

dd.mm yy 

f A 

A 

A 



STEP 

OOI 

002 

003 

004 

005 

006 

007 

008 

009 

010 

OU 

012 

013 

014 

OIS 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

KEY ENTRY 

* LM, a 

SPC 

3 

6 

5 

2 

5 

STO A 

3 

0 

. 
6 

0 

0 

1 

STÛ B 

0 

STO I 

CF 1 

RTN 

* LBL A 

F 1? 

ISZ I 

GSB 1 

STO i 

F 1? 

GSB 2 

SF 1 

«TN 

* LBL 1 

ENTt 

INT 

STO C 

-
EEX 

2 

X 

ENT+ 

INT 

STO D 

-
1 

9 

+ 

EEX 

2 

X 

STO 7 

KCL D 

KEY CODE 

21 16 11 

16-11 

03 

06 

05 

-62 

02 

05 

35 11 

03 

00 

-62 

06 

00 

00 

01 

35 12 

00 

35 46 

16 22 01 

24 

21 II 

16 23 01 

16 26 46 

23 01 

35 45 

16 03 01 

23 02 

16 21 01 

24 

21 01 

-21 

16 34 

35 13 

-45 

-23 

02 

-35 

-21 

16 34 

35 14 

-45 

01 

09 

-55 

-23 

02 

-35 

35 07 

36 14 

COMMENTS 

Initialize che main programme 

365.25 

30.6001 

Set counter n to 0 (n-0) 

Clear flag 1 

End of sub programme 

Main programme 

If flag 1 is set. 

increase the counter n with 1 (n-1) 

Go to sub routine 1 to calculate J - 1720982 

Store J-l720982 in register n 

If flag 1 is set 

go to sub routine 2 to calculate and print P 

set flag 1 

End of main programme 

Sub routine to calculate Julian Day Number minus 1720982 

dd.mm yy 

dd » d - day number 

O.mm yy 

100 

mffl.yy 

mm - m - month number 

O.yy 

19.yy 

100 

19 yy " y - year number (A.C.) 

m 

REGISTERS 

V" 
0 

20982 

so 

365. 

1 

J2-1720982 

S1 

A 

25 

2 

S2 

30.6001 

3 

S3 

B 

4 

S4 

C 

d 

5 

S5 

6 

S6 

D 

m 

7 

y 

S7 

8 

S8 

E 

9 

S9 

1 

n 



SJEP K£V ENTRY 

051 

OS2 

053 

054 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

067 

068 

069 

070 

071 

072 

073 

074 

075 

076 

077 

078 

079 

080 

081 

082 

083 

084 

ENTt 

1/X 

CHS 

INT 

ST + 7 

I 

2 

INT 

RCL 7 

RCL A 

RTN 

' LBL 2 

RCL I 

RCL 0 

PRT X 

RCL 1 

STO 0 

DSZ I 

RTN 

KEY CODE 

01 

-55 

-21 

52 

-62 

07 

-55 

-22 

16 34 

35-55 07 

01 

02 

-35 

-45 

36 12 

-35 

16 34 

36 07 

36 II 

-35 

16 34 

-55 

36 13 

-55 

24 

21 02 

36 01 

36 02 

-45 

-14 

36 01 

35 00 

16 25 46 

24 

COMMENTS 

l/(m+l) 

l/(m+l) • 0.7 

-l/(m+l) - 0.7 

-I If m - 1 or 2; 0 if m > 2 

y' • y-1 if m«l or 2; y'» y if m > 2 

-12 if m-l or 2; 0 if m > 2 

m' « ra+13 if m - I or 2; m' « m+1 if m > 2 

30.6001 

30.6001 m' 

Int (30.6001 m') 

y' 

365.25 

365.25 y' 

Int (365.25 y') 

Int (30.6001 m') + Int (365.25 y') 

d 

J-1720982 - Int (30.6001 m') + Int (365.25 y') + d 

End of sub routine 

Sub routine to calculate and print P 

J - 1720982 

Jl 
P - J 2 -

print P 

Decrease the counter n with I (n«0) 

End of sub routine 

REGISTERS 

y I y' 

SO S1 S2| S3 I S4 S5 ! S6 S7 S8| S9 

365.25 30.6001 



8 . 5 . PROGRAMME "INTERPOLATION" 

U«ejr IiiXi'uetioii» 

^1 j ^ s^% 
Programme 'Interpolation' 

O-V 

INSTRUCTIONS 
INPUT 

DATA / UNITS 
OUTPUT 

D A T A / U N I T S 

Read the card with programme 'Interpolation' 

Read the periods Pj and P, and atore in the calculator 

Read the discharges Q and Q, and calculate Q. 

If the measurement point is a pump station: calculate 

Qj by hand and store in the calculator. If not: omit step 4 

If the pH is going to be calculated next: set flag I. If not: omit this step 

Read the concentrations C and C (or pH and pH.) and calculate the 

interpolated value 

Repeat step 5 (if applicable) and step 6 for all concentrations 

For the next data of interpolation repeat steps 2 - 7 

ENTER + 

f A 

ENTER t 

A 

ENTER t 

C 

f B 

ENTERt 

B 



STEP 

OOI 

002 

003 

004 

00 S 

006 

007 

008 

009 

OIO 

Oll 

012 

013 

OU 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

023 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

KEY ENTRY 

• LBL a 

SXO 1 

R+ 

STO 0 

RTN 

* LBL A 

STO 3 

R+ 

STO 2 

RCL 3 

-
CHS 

RCL 0 

RCL 1 

+ 

• 

RCL 0 

X 

RCL 2 

+ 

STO 6 

SPC 

DSF 2 

PRT X 

RTN 

* LBL b 

SF 1 

RTN 

* LBL B 

r i? 

GSB 1 

STO 5 

Ri 

F 1? 

GSB 1 

STO 4 

RCL 3 

RCL 5 

X 

RCL 2 

RCL 4 

X 

-
RCL 0 

RCL 1 

•f 

f 

RCL 0 

KEY CODE 

21 16 II 

35 01 

-31 

35 00 

24 

21 II 

35 03 

-31 

35 02 

36 03 

-45 

-22 

36 00 

36 01 

-55 

-24 

36 00 

-35 

36 02 

-55 

35 06 

16-11 

^63 02 

-14 

24 

21 16 21 

16 21 01 

24 

21 12 

16 23 01 

23 01 

35-05 

-31 

16 23 01 

23 01 

35 04 

36 03 

36 05 

-35 

36 02 

36 04 

-35 

-45 

36 00 

36 01 

-55 

-24 

36 00 

h 
0 

SO 

1 

P2 

SI 

A 

«1 

COMMENTS 

In this sub progranme P. and P„ are scored 

P
2 

*, 

End of sub programma 

This is the main programme for calculating Q 

«2 

Q2 
Q, - Q 2 

Q 2 - Q , 

h 
h 
P. * P 2 

(Qj-Q,)/^,^) 

' V p 2 
Q' «2 - "l 
«I - «1 + p l P, • P 2 

Print Q-

End of main programme 

In this sub programme flag 1 it set if pH I needs to be calculated in LBL B 

Set flag 1 

End of sub programme 

This is the main programme for calculating C or pH 

If flag 1 is set, 

go to sub routine 1 to calculate the H concentration: C 

c 2 

C. or pH, 

If flag 1 is set 

go to subroutine 1 to calculate the H concentration C, 

c, 

«2 

C 2 

Q2c2 

Q, c, 
Q i c i 
Q2c2 - Q.c. 

*, 
P 2 
Pl + P 2 
(Q2C2-Q|C.)/(P1 *h) 

P. 

REGISTERS 

2 

S2 

3 

«2 

S3 

B 

4 

cl 

S4 

c 

5 

C2 

S5 

6 

«i 

S6 

D 

7 

S7 

8 

•' 

S8 

E 

9 

S9 

1 



COMMENTS 

049 

050 

051 

052 

053 

05« 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

067 

06 S 

069 

070 

071 

072 

RCL 2 

RCL 4 

X 

+ 

RCL 6 

* 

F It 

GSB 2 

DSP 1 

PRT X 

RTN 

* LBL 1 

CHS 

10* 

RTN 

* LBL 2 

LOG 

CHS 

CF 1 

RTN 

* LBL C 

STO 6 

RTN 

-35 

36 02 

36 04 

-35 

-55 

36 06 

-24 

16 23 01 

23 02 

-63 01 

-14 

24 

21 01 

-22 

16 33 

24 

21 02 

16 32 

-22 

16 22 01 

24 

21 13 

35 06 

24 

<J,C, - Q,ci 

<J,C, 
« 2 W 1 

\ Q 2 C 2 - Q I C I 
q,c, * p , 

If flag 1 is set 

go to sub routine 2 to convert the interpolated H concentration to pH_ 

Print Cj or pH 

End of main programme 

This sub routine converts the pH to H concentration 

-pH 

C - JO' -pH 

End of sub routine 

This sub routine converts H concentration to pH 

Log [H+] 

pH - - Log [H+] 

Clear flag 1 for next calculations 

End of sub routine 

Sub programme for storing Q_ (pump stations) 

End of sub programme 

so S1 S2 S3 

REGISTERS 

S4 S5 S6 S7 S8 S3 



,6 8.« PROGRAMME "MONTHLY AVERAGE" 

User I nt ruction s 
'Programme 'Monthly average' 

*• 

OUTPUT 
DATA 'UNITS INSTRUCTIONS 

INPUT 
DATA/UNITS 

8 

9 

10 

II 

12 

Read the card with programme 'Monthly average' 

Read number of periods N, initialize programme and store N 

Read period length '« P. 

Repeat step 3 for all periods F. 

Read discharge Q. 

Repeat step 5 (N+l times) until the programme calculates the average 

discharge 

If the measurement point is a pump station: calculate the average 

discharge (equation 6 - la) and store Q : 

For the calculation of the average pH: set flag 1 

Read concentration C. (or pH.) 

Repeat step 9 (N+l times) until the programme calculates the average 

concentration (or pH) 

Repeat steps 8-10 until all average concentrations have been calculated 

For the next month repeat steps 2 - 1 ! 

8 in february in non-leap years 

9 in february in a leap year (1980 is a leap year) 

10 in april, June, september and november 

11 in January, march, may, July, august, October and december 

N 

P. 

10 

^11 
10 

•«III 

III 

(20 • P m ) 

f A 

A 

f B 

f C 



STEP 

001 

002 

003 

004 

005 

006 

007 

008 

009 

0)0 

ou 
012 

013 

OU 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

KEY ENTRY 

* LBL a 

CX.R G 

1 

-
STO E 

RTN 

* LBL A 

STO i 

RCL A 

+ 

STO A 

RCL E 

RCL I 

x - y? 

GTO 1 

ISZ I 

RTN 

« LBL 1 

6 

STO I 

RTN 

* LBL b 

STO C 

RTN 

* LBL B 

STO i 

6 

RCL I 

x • y? 

ISZ I 

x - y? 

RTN 

RCL i 

DSZ 1 

RCL i 

+ 

2 

* 
RCL I 

6 

-
Rt 

RCL i 

X 

RCL B 

+ 

STO B 

RCL E 

RCL I 

x • y? 

KEY CODE 

21 16 11 

16-53 

01 

-45 

35 15 

24 

21 11 

35 45 

36 11 

-55 

35 11 

36 15 

36 46 

16-33 

22 01 

16 26 46 

24 

21 01 

06 

35 46 

24 

21 16 12 

35 13 

24 

21 12 

35 45 

06 

36 45 

16-33 

16 26 46 

16-33 

24 

36 45 

16 25 46 

36 45 

-55 

02 

-24 

36 46 

06 

-45 

-31 

36 45 

-35 

36 12 

-55 

35 12 

36 15 

36 46 

16-33 

COMMENTS 

In this sub programme the registers for the sums are cleared and N is stored 

IP1 - ï l ^ V i + l ' - EiPj <Qi + 1Ci +, + Q ^ ) - counter n - 0 

N-l 

End of sub programne 

In this sub programme the periods P. are stored inregisters 0-5 

Store P( in register 0; P. in register 1; etc. 

I P. i 
rp. -rp. + p. 

N-l 

n 

If n - N-l (= last input value of P.), 

go to label 1 to prepare counter for reading discharges 

n • n+1 

End of sub programme if more data P. have to be read 

Part of sub programme LBL A executed after the last P. data entry 

n - 6 

End of sub programme after last P. data entry 

Sub programme to store Q (pump stations) 

Q 
End of sub programme 

Main programme for the calculation of Q 

Store Q( in register 6; Q, in register 7; etc. 

n 

If n-6 (3 first Q, data entry): 

prepare counter for next data entry: n • n+1 * 7 

If first Q. data entry: 

stop execution to read next Q. value 

«i*l 
n • n+1 

Qi 
Q i + . • Qi 

1 (Qi+1 + Qt> 

n 

n - n-6 

l(Q U I • Qi) 

P. 
1 

1 v«i+. • V 
H P ^ , + Qi) 

H P i (Q i + 1 +Qi) -I I Pt (Qi+, + Qi) + 1 ?i (Qit, + Q4) 

N-l 

n 

If n - N-l (= last input value of Q.), 

REGISTERS 

0 

rp. 
i 

SO 
Re servi 

1 
-1 leservec 

si 
d £0r 0 — 

i 

A 

for P. 
l 

2 

S2 

£» P i W i + . 

3 

S3 

B 
+ Q i ) 

4 

S4 
He 

c 
Q 

5 

S5 
erved for C. 

6 

< : - • — — " -

S6 

D 

7 

reserved for 

S7 

8 

yi 

S8 

E 
N-l 

9 

S9 

1 
n 



STEP I KEY ENTRY 

051 

052 

053 

05« 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

067 

068 

069 

070 

071 

072 
073 

074 

075 

076 

077 

078 

079 

080 

081 

082 

083 

064 

085 

086 

087 

088 

089 

090 

091 

092 

093 

094 

095 

096 

097 

098 

099 

100 

GTO 2 

STO I 

RTN 

* LBL 2 

RCL B 

KCL A 

A 

STO C 

SPC 

DSP 2 

3RT X 

SPC 

1 

3 

STO I 

RTN 

* LBL c 

SF 1 

RTN 

* LBL C 
F 1? 

GSB 4 

STO i 

1 

3 

RCL I 

x • tl 

ISZ I 

x - y? 

RTN 

RCL i 

RCL I 

7 

STO I 

Rt 

RCL i 

x 

DSZ I 

RCL i 

RCL I 

7 

• 

STO I 

R* 

RCL i 

KEY CODE 

22 02 

08 

-55 

35 46 

24 

21 02 

36 12 

36 II 

- 24 

35 13 

16 I I 

-63 02 

- 14 

16 II 

01 

03 

36 46 

24 

21 16 13 

16 21 01 

24 

21 13 
16 23 01 

23 04 

35 45 

01 

03 

36 45 

16-33 

16 26 46 

16-33 

24 

36 45 

36 46 

07 

- 4 5 

35 46 

-31 

36 45 

-35 

16 25 46 

36 45 

36 46 

07 

-55 

35 46 

-31 

36 45 

-35 

-55 

COMMENTS 

go CO label 2 to calculate Q 

n - n+8 

End of main programme if more data Q. have to be read 

Part of main programme LBL B to calculate Q, executed after the last Q. data entry 

IP . 

Q - <t!:v<W3i>> ' ^V 

Pr in t Q 

n - 13 

End of main prograane 

Sub prograane to set flag 1 for the calculation of average pH 

Set flag I 

End of sub programme 

Main programme for calculation C or pH 
If flag 1 is set (= input is pH) 

go to sub routine 4 to convert pH to concentration 

store C. in register 13; C~ in regrester 14; etc 

13 

If first C. data entry: (n-13) 

prepare counter for next data entry: n • n+1 • 14 

If first C. data entry: 

stop execution to read next C. (or pH) value 

n-7 

"i+. 

"i+l Ci+1 
n • n-i 

Qi 

c. 

REGISTERS 

SO 
- Rese 

Reserved tot P. 

SI 
ved for Q. 

S2 

—* 
S3 S4 

-Reserved! 

1 ' pi«i+. * V 

S5 S6 

erved for Q. 

S7 

9 

S8I S9 

—» 

n 



STEP 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

III 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

KEY ENTRY 

2 

• 
RCL I 

1 

3 

-
STO I 

RCL i 

X 

RCL D 

• 

STO D 

»o. Ï 
RCL I 

x • y? 

GTO 3 

1 

5 

+ 

STO I 

RTN 

* LBL 3 

RCL D 

RCL A 

» 

RCL C 
• 

1 1? 

CSB 5 

DSP 1 

PRT X 

1 

3 

STO I 

0 

STO D 

RTN 

* LBL 4 

CHS 

10* 

RTN 

• LBL 5 

LOC 

CHS 

CF 1 

RTN 

KEr CODE 

02 

- 24 

36 46 

01 

03 

-45 

35 46 

-31 

36 45 

- 35 

36 14 

-55 

35 14 

36 15 

36 46 

16-33 

22 03 

01 

05 

- 5 5 

35 46 

24 

21 03 

36 14 

36 11 

- 24 

36 13 

- 2 4 

16 23 01 

23 05 

- 6 3 01 

- 1 4 

01 

03 

35 46 

00 

35 14 

24 

21 04 

- 22 

16 33 

24 

21 05 

16 32 

-22 

16 22 01 

24 

COMMENTS 

1 (<Wi*l + Vl> 
n 

n - n-13 

« «flc l*l*Vi 

* Pi«i+1 Ci*. + «iV 
l \ P . (Q. C. , + Q . C ) 

11 W i W W * * » W . c i + i + W • » »i«fici*i*»ict> 

N-l 

n 

I f n - N-l ( l u t input va lue o f C ) : 

go t o l a b e l 3 t o c a l c u l a t e C 

n • n+15 

End of na in program» i f more da te C. (or pH.) have t o be read 

Part of main programme LBL C t o c a l c u l a t e C a f t e r the l a s t C. data entry 

1 * ?i < W f i • V i ' 

i - * » , P£ ( Q i + | C i + | • q .C. )> / ( I p . ) 

Q 

C - L/C 

I f f l a g 1 i s s e t ( £ output i s pîî) 

go t o sub rou t ine 5 t o convert c oncen t ra t i on t o pH 

Pr in t C 

n • 13 (preparat ion counter f or nex t s e t of c oncen t ra t i on data) 

1 » h <Wi+i • w • ° 
End of main programme 

t h i s sub rou t ine c onver t i pH t o c oncen t ra t i on 

-pH, 

c. - i o - 'H 

End of subrout ine 

This sub rou t ine convert s c oncen t ra t i on t o pH 

Log [H+] 

pH - Log[ H+] 

Clear f l a g 1 

End of sub rou t ine 

REGISTERS 

0 

* -

t p i 

so 
- Reset 

1 
Reserved for 

S1 
'ed for ( 

A 

) . — 
' i 

r> 
2 

l 

S2 

U F£ <q. 

3 

S3 

^ " 

B 

• i * 9 i 

4 

S4 

C 
Q 

5 

S5 
t> J 

6 
_ 

S6 
t nr C 

l 

D 
î l P. (Q- .c .^.+q.c. 1 i l + l i + l H i i 

7 
, trved tor Q. -

i 

S7 

8 

S8 

E 
N-l 

9 

»-

S9 

> 

1 
n 



8.7. PROGRAMME "YEARLY AVERAGE" 

User Iiitruetioris 

'4i 
5a &$*&! 

Programma 'Yearly average' 

$ 

IRPÜT 
DATA/UNITS 

OuTPüT— 
DATA/UNITS INSTRUCTIONS 

Read the card wich programme 'Yearly average' 

Initialize the programme 

Read period length and discharge for month i 

Repeat itep 3 until all 12 P. and Q. date have been read 

the calculator will print the average discharge 

For the calculation of average pH: set flag I 

Read concentration (or pH) for month i 

Repeat step 6 until all 12 concentrations have been read; 

the calculator will print the average concentration 

Repeat step 5 (if applicable) to 7 until all ions have been calculated 

Repeat step 2-8 for the next measurement point 

P. 
1 

f A 

ENTER 

A 

f B 

B 



STEP 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

on 
012 

013 

014 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

KEY ENTRY 

• LUL * 

CRL G 

3 

STO I 

RTN 

* LBL A 
-*• 

x * y 

STO + 0 

X 

STO i 

ISZ I 

STO+1 

RCL I 

1 

5 

x > y 1 

RTH 

RCL I 

RCL 0 

* 
SPC 

PRT X 

SPC 

3 

STO I 

RTN 

•LBL b 

SF 1 

RTH 

• LBL B 

1 1? 

CSB 1 

RCL i 

X 

STO+2 

ISZ I 

RCL I 

1 

5 

x > y? 

RTN 

RCL 2 

RCL 1 

* 
P 1? 

CSB 2 

KEY CODE 

- 21 16 11 

16-53 

03 

35 46 

24 

21 11 

-41 

35-55 00 

- 35 

35 45 

16 26 46 

35-55 01 

36 46 

01 

05 

16-34 

24 

36 01 

36 00 

-24 

16-11 

- 14 

16-11 

03 

35 46 

24 

21 16 12 

16 21 01 

24 

21 12 

16 23 01 

23 01 

36 45 

-35 

35-55 01 

16 26 46 

36 46 

01 

05 

16-34 

24 

36 02 

36 01 

- 24 

16 23 01 

23 02 

COMMENTS 

In t h i s sub programme the r e g i s t e r s are i n i t i a l i z e d 

I P i ~l P i q i " I P iQ iC i ' ° 

Counter a « 3 

End of sub programne 

Main programne for the c a l c u l a t i o n of Q 

P. i 
EP. - EP. + P. 

l i l 
P.Q. 

l l 

Store PjQj i n r e g g i s t e r 3 ; P .Q, i n r e g i s t e r 4 ; e t c . 

n " n+1 

IP.Q. - EP.Q. + P.O. 
i l i l l ^ i 

n 

I f n 4 15 (da te of december not y e t e n t e r e d ) , 

12 s t op execu t ion t o read next s e t of input data 

E P.Q. 

I p . 
1*» x 

12 12 

«-.f, W i s , pi 

Print Q 

r e s t o r e n » 2 

End of main programne 

In t h i s sub programme f l a g 1 i s s e t t o i n d i c a t e pH input data 

Set f l a g 1 

End of sub r ou t ine 

Main programme for the c a l c u l a t i o n of C (or pH) 

I f f l a g 1 i s s e t . 

convert pH to c oncentra t ion i n sub rou t ine 1 

P.Q. 
l l 

C.Q.P. 
1*1 l 

EC.Q.P.-E C.Q.P,* C.Q.P. 
l l l i l i i * i l 

n « n+1 

n 

I f n <15 (data of december not y e t e n t e r e d ) . 

y s t op e x ecu t i on t o read next C. (or pH) 

E P.C.Q. 
i - 1 1 

12 

? . »A 
1 " ' 12 12 
C - E P.C.Q. / E P.Q. 

i - l l l x i-l l 

If f l a g 1 i s s e t 
convert c oncentra t ion t o pH in sub r ou t ine 2 

REGISTERS 

rp. 
i 

<— re 

0 

SO 
served 

1 
EP.Q. 

1 1 

S1 
for P.Q. dat< 

A 

ip .c .q 
i i 

2 

i 

S2 

3 
. 

S3 

B 

4 

S4 

c 

5 
. r e served foi 

S5 

6 
P.Q. da 

l i 

S6 

D 

7 

S7 

8 

S8 

E 

9 
• " — ' " > 

S9 

1 
n 



STEP KEY CODE COMMENTS 

047 

048 

049 

050 

0S1 

OS 2 

053 

034 

055 

056 

057 

058 

059 

060 

061 

062 

063 

DSP 1 

POT X 

DSP 2 

CP I 

0 

STO 2 

3 

STO I 

RTH 

* LBL I 

CHS 

I0X 

RTN 

* LBL 2 

LOG 

CHS 

RTN 

-63 01 

-14 

-63 02 

16 22 01 

00 

35 02 

03 

35 46 

24 

21 01 

-22 

16 33 

24 

21 02 

16 32 

-22 

24 

Print C (or pH) 

Claar (lag 1 

EP.q.C. - 0 
l i I 

-pH 

End of main program» 

Sub routine to convert pH to concentration 

-pH 

C - 10" 

End of tub routine 

Sub routine to convert concentration to pH 

log C 

pH • - log C 

End of aub routine 

REGISTERS 

£P< . reserv« d da;a 

SO S1 
reserved for 

S2 S3 S4 S5 S6 S7 S8 S9 
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