
3.5  Situation of Flow Meter Installation (Action S3 & S5-1)



Situation photo of flow meter (1/4) 

No.1 No.2 
 Location; Inside of Zagazig WTP 
 Group; Raw Water in Plant 
 Diameter; 400mm 

 Location; Inside of Abbasa WTP 
 Group; Raw Water(1) in Plant 
 Diameter; 800mm 

  

No.3 No.4&5 
 Location; Inside of Abassa WTP 
 Group; Raw Water(2) in Plant 
 Diameter; 800mm 

 Location; Inside of Abbasa WTP 
 Group; Treated Water(1) to Zagazig &Faqus 
 Diameter; 900mm, 600mm 

  

No.6 No.7 
 Location; Inside of Abbasa WTP 
 Group; Treated Water(3) to Abu Hamad-1 
 Diameter; 800mm 

 Location; Inside of Abbasa WTP 
 Group; Treated Water(4) to Abu Hamad-2 
 Diameter; 600mm 
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Situation photo of flow meter (2/4) 

No.8 No.9 
 Location; Inside of Abbasa WTP 
 Group; Treated (5) to Bilbais 
 Diameter; 600mm 

 Location; Outside of Abassa WTP 
 Group; Branch(1) to Unserrved Village 
 Diameter; 800mm 

 

No.10 No.11&12 
 Location; Outside of Abbasa WTP 
 Group; Branch(2) to Zagazig 
 Diameter; 500mm 

 Location; Outside of Abbasa WTP 
 Group; Branch(3) (4) to Abu Kabier-1 &2 
 Diameter; 400mm, 300mm 

 

No.13 No.14 
 Location; Outside of New Faqus WTP 
 Group; Branch(1) to Abu Kabier 
 Diameter; 400mm 

 Location; Inside of Old Faqus WTP 
 Group; Raw Water in Plant 
 Diameter; 500mm 
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Situation photo of flow meter (3/4) 

No.15 No.16 
 Location; Inside of Huseinia WTP 
 Group; Raw Water in Plant 
 Diameter; 800mm 

 Location; Inside of Huseinia WTP 
 Group; Treated Water in Plant 
 Diameter; 800mm 

 

No.17 No.18 
 Location; Outside of Kafr Saqr WTP 
 Group; Branch(1) on aqua duct 
 Diameter; 1000mm 

 Location; Outside of Kafr Saqr WTP 
 Group; Branch(2) to Abu Kabier 
 Diameter; 800mm 

 

No.19 No.20 
 Location; Inside of Bilbais BPS 
 Group; Al Mohada line to Bilbais city 
 Diameter; 300mm 

 Location; Inside of Bilbais BPS 
 Group; El Adlia line to Bilbais city 
 Diameter; 300mm 
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Situation photo of flow meter (4/4) 

No.21 No.22 
 Location; Inside of Kafr Farag Fe/Mn RP 
 Group; Treated Water to Menia Alqamah 
 Diameter; 500mm 

 Location; Outside of Hihiya WTP 
 Group; Treated Water(1) to East Area 
 Diameter; 800mm 

 

No.23 No.24 
 Location; Outside of Hihiya WTP 
 Group; Treated Water(2) to Hoad Nogieh Area 
 Diameter; 400mm 

 Location; Outside of Hihiya WTP 
 Group; Treated Water(3) to West Area 
 Diameter; 600mm 

 

No.25 No.26 
 Location; Outside of Hihiya WTP 
 Group; Treated Water(4) to Sobih Area 
 Diameter; 400mm 

 Location; Outside of Hihiya WTP 
 Group; Treated Water(5) to El adwa Area 
 Diameter; 400mm 
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3.6  Distribution Network and Hydraulic Analysis (Action S5-1 & 2)
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3.7  Summary Report of “Filter Refreshment Activity in “WTPs” (Action S6)
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Rapid Sand Filter in ZAGAZIG WTP

4700 4700

Nozzle for backwashing and water collecting

1200

1200

1230

7340

1250

1230

1230

Filter dimension 4.7 m
7.3 m

Filtering are 68.6 m2

Backwash water 510 l/sec Pump rated capacity 590 l/sec
Flow rate 0.5 m3/sec
(Measured by 30 m3/min 35.4 m3/min
ultrasonic flowmeter)

Backwash water 490 l/sec
Flow rate 0.5 m3/sec
(Measured by 30 m3/min
differentia flowmeter)

Backwash rate 0.44 m3/m2/min 0.52 m3/m2/min
73% of Japanese standard 86% of Japanese standard

Japanese standard 0.6 m3/m2/min
of Backwash rate (Wuthin the range of 0.6 to 0.9 m3/m2/min)

Backwash water 41.2 m3/min
Flow rate 686 l/sec

Backwash time Wuthin the range of 4 to 6 min
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l

Relation between backwash water flow rate and backwash rate

Filtering area 68.6 m2

Backwash flow rate
(l/sec)

Backwash rate
(m3/m2/min)

350 0.31
400 0.35
450 0.39
500 0.44
550 0.48
600 0.52

Backwash flow rate - Backwash rate
(m3/m2/min)
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Recording sheet for the test of filter washing pattern   Plant name                             ( Date     /      /        Recorded by           ) 

Comment for result 

Time frame Comment Evaluation 

Current pattern   

Pattern 1   

Pattern 2   

Pattern 3   

Pattern 4   

Pattern 5   

 

Filter & filter washing condition 

   Air scouring flow rate:         m3/min (Nominal discharge volume of a blower) 

Backwashing flow rate:        m3/min (Reading of flow meter indicator) 

   Filtering area of unit filter:         m2 (Calculated value from measured dimension:  Width:       m   Length:       m   Number of basin:       ) 

   Backwashing rate:            m3/m2/min (Backwashing flow rate/Filtering area of unit filter) 

   Air scouring rate:             m3/m2/min (Air scouring flow rate/Filtering area of unit filter) 

   Numbers of filter:            units 

Time frame Air scouring 

(min) 

Air and water 

   (min) 

Backwashing 

   (min) 

Total backwashing 

     (min) 

Turbidity of 

drainage water 

(NTU) 

The flown sand in 

drainage water 

Condition of filter 

media 

Current pattern 3 5 8 13    

Pattern 1 2 6 5 12    

Pattern 2 1 7 5 12    

Pattern 3 5 5 5 10    

Pattern 4 5 6 5 11    

Pattern 5 5 7 5 12    
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Estimated reduction volume of filter washing water in ZAGAZIG water treatment plant

           Before modification               After modification

Filter washing regime Air acouring 3 min 5 min

Air and backwash 5 min 5 min

backwashing 8 min 5 min

Dischaege volume of
backwashing pump

475 l/sec 530 l/sec

Backwashing rate Filtering area 69 m2 0.41 m3/m2/min 0.46 m3/m2/min

Water consumption
per one filter
per once washing

370.5 m3 318.0 m3

Difference between before
and after modification

per once washing
per one filter

53 m3/filter/washing

Filter run time per one filter 24 hr 36 hr

Frequency of filter washing
in a week

per one filter 7 times 5 times

Total quantity of water
consumption in a week

per one filter 2,593.5 m3/filter 1,484.0 m3/filter

Difference between before
and after modification

per one week
per one filter

1109.5 m3/week/filter

Water reduction quantity in
a day

per one filter 158.5 m3/day/filter

total reduction of water
consumption
in a day

Number of the filter
6 filters
per all filter

951.0 m3/day/6 filters

total reduction of water
consumption
in a month

Number of the filter
: 6 filters

28,530.0 m3/month/6 filters
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Refreshment of No.5 Filter in ZAGAZIG WTP (2/2) 

 5) 

 

 6) 

Sand layer after 3rd washing: Big amount of muddy layer and mud balls  Sand layer after removal of muddy layer and mud balls 

 7) 

 

 8) 

Sand layer after 4th washing: Reduced amount of muddy layer and mud balls  Check the sand layer by excavating sand layer 

 

Refreshment of No.5 Filter in ZAGAZIG WTP (1/2) 

 1) 

 

 2) 

Sand layer after 1st washing: Big amount of muddy layer and mud balls  Removal of muddy layer and mud balls 

 3) 

 

 4) 

Sand layer after 2nd washing: Big amount of muddy layer and mud balls  Wash drainage water during backwashing in 3rd washing: after 2 min start of 

backwashing 
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3.8  Summary Report of Residual Chlorine Control in “WTPs” (Action S6)
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Summary of OJT activity about residual chlorine control 
In water treatment process 

 

1. Purpose of OJT about residual chlorine control in water treatment plant 

Improvement of implementation capacity regarding operation and control of chlorination process 

2. Target of achievement by OJT activity 

  2-1 Improvement of stability of residual chlorine concentration of treated water 

    1) Stable residual chlorine concentration of clarified water 

    2) Stable residual chlorine concentration of filtered water 

    3) Stable residual chlorine concentration of transmission water 

  2-2 Improvement of O&M activity 

    1) Effective chlorine dosing 

    2) Proper chlorine dosing rate 

    3) Routine work of water quality analysis about residual chlorine by proper frequency 

    4) Effective utilizing of water quality analysis record about residual chlorine 

    5) Control activity about residual chlorine with control target of treated water 

    6) Supplying of safety water with high reliability to the network  

  2-3 Improvement of O&M capacity 

    1) Capacity to monitor residual chlorine of treated water 

    2) Capacity to control the chlorinator to demanded flow rate of chlorine 

    3) Capacity to set up and modify a required dosing rate of chlorine 

  2-4) Improvement of operating cost of the filter 

    1) Proper consumption of chlorine 

As the result of above, if possible achievement of the reduction of chlorine consumption 

weight 

2. Method 

2-1 Confirmation and check of the current condition of residual chlorine control 

  1) Confirmation by records of water quality analysis about break-point and residual chlorine 

    1-1) Frequency of analysis in a day and water sampling method 

    1-2) Validity and availability of recorded values 

    1-3) Utilizing of analysis records to the plant operation 

  2) Confirmation of knowledge of laboratory staffs about residual chlorine control 

    2-1) Kind of residual chlorine and feature of each 

    2-2) Residual chlorine to be maintained in usual operation of WTP 

    2-3) Residual chlorine concentration to be kept of transmission water from WTP 

    2-4) Assessment of consumption of residual chlorine in the water treatment process 

    2-5) Treatment targets about residual chlorine in the water treatment process 

    2-6) Residual chlorine concentration to be kept of transmission water at final tap in the 

network 

    2-7) Regulations or law about residual chlorine in Egypt 

    2-8) Letters or documents on above regulations or law 

  3) Confirmation of current operation about control of dosing flow rate by chlorinator 
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    3-1) Communication between laboratory team and operation team 

    3-2) Procedures for control operation of chlorinator when chlorine dosing flow rate should be 

changed 

    3-3) Utilizing of records of raw water flow rate to control of the chlorine dosing flow rate 

    3-4) Procedures to calculation of dosing flow rate of chlorine 

    3-5) Frequency of change of chlorine dosing flow rate in a day 

    3-6) Procedures for control of residual chlorine concentration in the water treatment process 

    3-7) Use of break-point test results for set-up of pre-chlorine dosing rate 

    3-8) Consumption of residual chlorine in water treatment process 

2-2 Lectures about control procedures for residual chlorine in water treatment process 

  1) Importance of free residual chlorine and effectiveness over disinfection of potable water 

  2) Necessity of water analysis about not only total residual chlorine but free residual chlorine 

  3) Criteria of residual chlorine concentration of potable water by WHO guideline 

  4) Necessity of control activity of residual chlorine concentration in water treatment process 

  5) Achievements by control activity of residual chlorine concentration in water treatment process 

  6) Functions of pre-chlorine dosing and post-chlorine dosing  

7) Relation between pre-chlorine dosing rate and post-chlorine dosing rate 

8) Required activities to control of residual chlorine concentration in water treatment process 

9) Required records to control of residual chlorine concentration in water treatment process 

 10) Procedures for control of residual chlorine in water treatment process 

  2-3. OJT about residual chlorine control 

    1) Set-up the treatment targets of residual chlorine about clarified water, filtered water and 

transmission water 

    2) Taking records of residual chlorine under operation condition in the current for 5 days 

    3) Taking records of raw water flow rate for 5 days 

    4) Analysis about 5-days records of operation 

       Differences between the target treatment value and actual records 

       Study about variation of residual chlorine concentration in 5 days 

       Study about differences between residual chlorine of clarified water and filtered water 

       Study about relation between beak-point test results, pre-chlorine dosing rate and residual 

chlorine of clarified water 

       Calculation of consumption of residual chlorine in treatment process 

Study about causes of found differences 

6) Focusing to required reviews about modification of current operation conditions 

    7) Implementation of operation under condition of reviewed operation and taking of records for 

5days 

    8) Same as above 4) to 7) 

    9) Setting the criteria for winter season about control of residual chlorine 
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2-4.OJT by expert about residual chlorine control to CP of H/Q and CP in model facility 

 

Facility name Date of OJT OJT 

12/Oct/008 Lecture to H/Q CP from expert 

13/Oct/008 Lecture to H/Q CP from expert 

14/Oct/008 Investigation about current condition 

28/Oct/008 Lecture to site CP from H/Q CP 

29/Oct/2008 Data collection start 

Abbassa WTP 

18/Jan/2009 Data analysis 

16/Oct/2008 Investigation about current condition 

25/Oct/008 Lecture to site CP from H/Q CP 

27/Nov/2008 Data collection start 

18/Jan/2009 Data analysis 

20/Jan/2009 Data analysis 

21/Jan/2009 Data analysis 

Zagazig WTP 

22/Jan/2009 Issue of request letter to the manager 

 

Attendance of OJT about residual chlorine control 

Facility name Date of OJT H/Q CP team Site CP team 

12/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

 

13/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

 

14/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

Mr.Ismaiel (Technitian) 

Mr.Hosini (Technitian) 

28/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

 

29/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

2 operators 

Abbassa WTP 

18-21/Jan/2009 Mr.Sharfi 

Ms.Heba 
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 Mr.Abd Allah 

16/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

3 chemists 

25/Oct/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

3 chemists 

27/Nov/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

Mr.Ahmed (Lab. Manager) 

Mr.Sayed (Chemist) 

3 chemists 

18-21/July/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

Mr.Mohamad (Plant manager) 

 

Abbasa WTP 

22/Jan/2008 Mr.Sharfi 

Ms.Heba 

Mr.Abd Allah 

 

 

2-5 Achievements by OJT about residual chlorine control as applying SOP to O&M activities on site 

 1) Water quality analysis about residual chlorine in treatment process has been conducted as one of 

the routine work of monitoring activity in WTP model facilities. 

 2) From October-2008, residual chlorine to monitor has been changed to free residual chlorine from 

total residual chlorine in WTP model facilities. 

  3) By control activity of residual chlorine, residual chlorine of clarified water and filtered water has 

been in stable condition. However, both concentrations of residual chlorine are still in slightly 

high condition. 

 4) By control activities of residual chlorine, operation on control of chlorine flow rate was improved 

as reliable adjustment handling of the chlorinator. 

    While residual chlorine control was not performed, when a raw water flow rate was changed, 

the chlorine dosing flow rate was not changed into a considerable amount in many cases.  

 5) From above achievement, O&M capacity regarding for the residual chlorine control of H/Q CP 

team and model facility CP team has been improved as following 

    5-1) Capacity to associate the following three factors when monitoring is carried out 

Residual chlorine concentration of clarified water, filtered water and transmission water 

Set value of dosing flow rate of chlorinator 

Raw water flow rate 

    5-2) Capacities to perform a calculation of required chlorine dosing flow rate 

    5-3) Capacity to set a proper dosing rate of chlorine based on collected records 

    5-4) Capacity to modify a dosing rate of chlorine based on collected records 
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     5-5) Capacity to consider required dosing rate according to seasonal change of chlorine demand 

     5-6) Capacity to consider that residual chlorine concentration is proper or not based on collected 

records. 

    5-7) Capacities to perform analysis and evaluations of effectiveness of chlorine dosing 

     

2-8.Appendix 

  1) SOP documents regarding residual chlorine control activity 

  2) Records for reference 
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OJT scenario 
Theme: Control procedures for control of free chlorine residual in WTP 

1. Confirmation of current operation condition on water quality analysis and facility operation 

   What is a value of residual chlorine in potable water? (Minimum requirement) 

   Is above value free chlorine residual? 

   What kind of treated water as sample water do you measure usually? 

   Where each sample is taken? 

   How many times do you measure the residual chlorine? 

   How to control the residual chlorine? 

Is current procedure of monitoring and control of residual chlorine proper? 

     What is the object of control of residual chlorine? 

   What is the object of break point of raw water? 

    For what is the break point measured result utilized? 

   Is measurement of the residual chlorine carried out with free residual chlorine? 

   How is the dosing rate of pre-chlorine decided? 

   How is the dosing rate of post-chlorine decided? 

   What is the control target value of residual chlorine of transmission water? 

   What is the basis of above target value? 

   What is the control target value of residual chlorine of clarified water (inlet water to filter)? 

What is the basis of above target value? 

   What is the control target value of residual chlorine of filtered water? 

What is the basis of above target value? 

   What is the current issues regarding residual chlorine control  

   What do you think residual chlorine control should be performed? 

１． Doesn’t the current control method of residual chlorine need to be change  

   What is the reason for not changing the current control method? 

   Suppose it changed a control method, how does it change? 

２． The explanation for understanding the meaning of common control activity 

３． The explanation for understanding the meaning of residual chlorine control activity 

４． Required data for setting up the control target value of residual chlorine 

５． Making the procedures and flow chart for residual chlorine control 

６． The utilization method of data required for residual chlorine control 

７． Trial activity of residual chlorine control according to the flow chart 

８． Take a record of trial activity result and analyze the record. 

Control target and dosing rate of chlorine should be changed if necessary. 

９． Repeat the above mentions (3 to 9 ) if necessary and review SOP (flow chart) 

3.8-6



C
yc

le
 o

f 
A

c
ti
vi

ty
 f
o
r 

c
o
n
ti
n
u
al

 i
m

pr
o
ve

m
e
n
t

M
ai

n
 a

ct
iv

iy
 o

r 
c
o
n
d
it
io

n

A
ct

iv
it
y 

fo
r 

su
p
p
rt

C
u
rr

e
n
t 

c
o
n
d
it
io

n

F
in

d
in

g 
o
u
t

T
h
in

ki
n
g

C
o
m

m
u
n
ic

a
ti
o
n

A
c
ti
o
n

D
is

p
la

y
in

g

E
xp

e
ri
e
n
c
e

K
n
o
w

le
d
ge

E
n
c
o
u
ra

ge
m

e
n
t

D
is

p
la

yi
n
g

E
xp

e
ri
e
n
c
e

S
e
lf
-
a
c
ti
v
it
y 

b
y
 C

P
w

it
h
 s

lig
h
t 

su
p
p
o
rt

D
e
m

o
n
st

ra
ti
o
n

D
e
m

o
n
st

ra
ti
o
n

C
o
o
p
o
ra

ti
ve

 a
c
ti
v
it
y

S
el

f-
a
c
ti
v
it
y

w
it
h
 s

lig
h
t 

su
p
p
o
rt

S
O

P
 d

o
c
u
m

e
n
ts

H
/
Q

 C
P

P
la

n
t 

st
a
ff
　

C
P

P
la

n
t 

st
af

f　
C

P

A
c
h
ie

v
e
m

e
n
t 

re
su

lt
s

P
la

n
 a

n
d
 T

a
rg

e
t

V
is

u
al

iz
a
ti
o
n

N
e
xt

 I
m

p
ro

v
e
m

e
n
t

C
o
n
ti
n
u
o
s 

ac
ti
vi

ty
E
n
c
o
u
ra

ge
m

e
n
t

S
e
lf
-
a
c
ti
v
it
y
 b

y 
C

P
w

it
h
 s

lig
h
t 

su
p
p
o
rtR

o
u
ti
n
e
 a

c
ti
vi

ty

S
ki

ll

R
e
vi

e
w

 S
O

P

R
e
q
u
ir
e
d
 S

O
P

F
it
e
r

C
la

ri
fi
c
at

o
r

D
is

in
fe

c
ti
o
n

M
ix

in
g

S
o
u
rc

e 
w

at
e
r 

in
ta

ke
 &

 R
aw

 w
at

e
r 

tr
an

sf
e
r

F
lo

c
u
la

to
r

F
it
e
ri
n
g

F
it
e
r 

w
as

h
in

g

R
e
se

rv
o
ir
 &

 W
at

e
r 

T
ra

n
sm

is
si

o
n

D
ra

in
ag

e 
w

at
e
r

A
lu

m
 d

o
si

n
g

P
re

-
c
h
lo

ri
n
e
 d

o
si

n
g

F
it
e
r 

m
e
d
ia

G
ro

u
p 

1

G
ro

u
p
 2

D
is

tr
ib

u
ti
o
n
 n

e
tw

o
rk

G
ro

u
p
 4

G
ro

u
p
 3

S
te

ps
 f
o
r 

O
J
T
 a

c
ti
vi

ti
e
s

M
ai

n
te

n
an

c
e
 p

ro
c
e
du

re
 o

f 
fi
lt
e
r 

m
e
di

a

O
p
e
ra

ti
o
n
 p

ro
c
e
d
u
re

 o
f 
fi
lt
e
r 

w
as

h
in

g

O
pe

ra
ti
o
n
 p

ro
c
e
du

re
s 

o
f 
fi
lt
e
ri
n
g

W
at

e
r 

qu
al

it
y 

m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l

pr
o
c
e
du

re
 o

f 
fi
lt
e
re

d
 w

at
e
r

W
at

e
r 

qu
al

it
y 

m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 

pr
o
c
rd

u
re

 f
o
r 

c
la

ri
fi
e
d 

w
at

e
r

C
h
e
m

ic
al

 d
o
si

n
g 

c
o
n
tr

o
l 
pr

o
c
e
du

re

W
at

e
r 

qu
al

it
y 

m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 

pr
o
c
rd

u
re

 f
o
r 

ra
w

 w
at

e
r

M
o
ni

to
ri
n
g 

&
 c

h
e
c
k 

pr
o
ce

d
u
re

 
o
f 

fi
lt
e
re

 m
e
d
ia

R
e
fr

e
sh

m
e
n
t 

pr
o
c
e
du

re
 o

f 
fi
lt
e
re

 m
e
di

a

W
at

e
r 

qu
al

it
y 

m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 

pr
o
c
rd

u
re

 f
o
r 

in
ta

ke

R
aw

 w
at

e
r 

q
u
an

ti
ty

 m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l

M
on

it
e
ri
n
g 

&
 m

ai
n
te

na
n
c
e
 o

f 
in

ta
ke

 a
re

a

T
ra

n
sm

is
si

o
n
 w

at
e
r 

qu
an

ti
ty

 m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l

M
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 
o
f 

tr
an

sm
is

si
o
n
 w

at
e
r 

qu
an

ti
ty

W
at

e
r 

qu
al

it
y 

m
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 

p
ro

c
rd

u
re

 f
o
r 

tr
an

sm
is

si
o
n
 w

at
e
r

M
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 
pr

o
c
e
du

re
 o

f 
w

at
e
r 

le
ve

l 
o
f 
c
le

ar
 w

at
e
r 

re
se

rv
o
ir

M
ai

n
te

na
n
c
e
 p

ro
c
e
du

re
 o

f 
cl

e
ar

 w
at

e
r 

re
se

rv
o
ir

G
ro

u
p
 1

G
ro

u
p
 2

G
ro

u
p
 3

M
o
n
it
o
ri
n
g 

&
 c

o
n
tr

o
l 
pr

o
c
e
du

re
 o

f 
S
lu

dg
e
 d

ra
in

ag
e

G
ro

u
p
 4

3.8-7



                                   1 

Control of free residual chlorine in the water treatment plant 

Ammonia is contained usually in canal water in Egypt. The combination of chlorine and ammonia 

produced inactive disinfection than chlorine alone. However, a combined chlorine and ammonia 

residual is not as effective as a free –chlorine residual. Free residual chlorine involves the application 

of chlorine to water to produce- -either directly or by first destroying any naturally present ammonia- - 

a free available chlorine residual and to maintain this residual chlorine through part or all of the water 

treatment plant and distribution system 

Free available residual forms have higher oxidation potential than combined available chlorine forms 

and more effective as disinfectants. The absence of free available chlorine residual indicates the 

absence of satisfactory disinfectant. It is the responsibility of the water supplier to ensure that 

treatment plant is suitably equipped to maintain adequately disinfected water. 

Related factors for free residual chlorine control are shown in following table. 

Factor Object water  Explanation 

Free available 

residual chlorine 

of distribution 

water 

Drinking water from 

WTP to the network 

Control target of this free residual chlorine shall be defined 

based on residual chlorine consumption in the network. 

Residual chlorine criterion, that is more than 0.5 mg/l as free 

residual, shall be kept all the time at final and farthest tap in 

the network. In SHAPWASCO, control target range of free 

residual chlorine will be 1.5-2.0mg/l. 

Control target point of free residual chlorine will be changed 

according to situation of each plant such as length of network 

pipes. Control target of free residual chlorine will also be 

changed according to seasonal change of water quality. 

Free residual 

chlorine of the 

water after 

post-chlorine 

dosing 

Inlet water to clear 

water reservoir 

Free residual chlorine of transmission water can be controlled 

by post-chlorine dosing into the filtered water. After post 

chlorine dosing free residual chlorine of process water cannot 

be controlled by facility. Free residual chlorine of transmission 

water will be estimated according to consumption amount of 

free residual chlorine in clear water reservoir. 

Free residual 

chlorine of filtered 

water 

Filtered water Free residual chlorine of filtered water is related to free 

residual chlorine of clarified water and filter media condition. 

Free residual chlorine should be remained in filtered water to 

ensure avoiding growth of algae and bacteria. 

Free residual 

chlorine of 

clarified water 

Outlet water from 

sedimentation basin 

to filter 

Free residual chlorine of clarified water is related to residual 

chlorine of filtered water and filter media condition. Free 

residual chlorine should be remained consumption amount or 

more in filter to ensure avoiding growth of algae and bacteria. 

Break point value Raw water Free residual chlorine is formed by adding pre-chlorine 

beyond break point. Break point indicates chlorine demand 

amount for raw water. 
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Factor Object water  Explanation 

Pre-chlorine dosing Raw water Free residual chlorine of clarified water can be 

controlled by adjusting of pre-chlorine dosing rate 

according to estimation of consumption of free residual 

chlorine in coagulation and sedimentation process based 

on break point test results of raw water. 

Post-chlorine dosing Filtered water Free residual chlorine of transmission water can be 

controlled by adjusting of post-chlorine dosing. free 

residual chlorine of process water cannot be controlled 

by facility after post chlorine dosing. Free residual 

chlorine of transmission water will be estimated 

according to consumption amount of free residual 

chlorine in clear water reservoir. 

 

In Egypt, generally free residual chlorine is controlled by adjustment of pre-chlorine dosing rate and 

post chlorine dosing rate in water treatment plant.  

Pre-chlorine dosing rate should be defined based on control target of free residual chlorine 

concentration of clarified water. And control target of free residual chlorine concentration of clarified 

water should be set based on following factors; 

1) Chlorine demand for raw water (Measured value of break point) 

2) Control target of free residual chlorine concentration of filtered water 

3) Estimated consumption amount of free residual chlorine in sedimentation basin by evaporation 

 

Post-chlorine dosing rate should be defined based on following factors; 

1) Free residual chlorine concentration of filtered water 

2) Control target of free residual chlorine concentration of transmission water 

And each of above mention will be affected following factors+ 

  Affect factors to 1) 

  1) Free residual concentration of clarified water 

2) Estimated consumption amount of free residual chlorine concentration of through filter 

Affect factors to 2) 

1) Consumption amount of free residual chlorine through clear water reservoir 

2) Consumption amount of free residual chlorine through network pipes 

3) Free residual chlorine concentration .of network water from farthest point tap of network 

 

According to above mentions, procedures for setting of chlorine dosing rate and procedures for 

residual chlorine control are described as flow chart in following pages. 

And explanation documents on break point also attached to this document. 
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Flow-1 02Control procedures for residual chlorine in WTP in PCS.xls

Flow-1 Procedures for chlorine dosing rate setting in WTP

0.5 mg/l

1 mg/l
0.3 mg/l

1.8 mg/l

0.3 mg/l

1.6 mg/l

0.5 mg/l

0.2 mg/l

0.7 mg/l

3.5 mg/l

0.3 mg/l

4.5 mg/l

Start

Define dosing rate of
post-chlorine

Define dosing rate
of pre-chlorine (mg/l)

Target free residual chlorine of transmission water
from tap at farthest point of network

Target free residual chlorine
of distribution (outlet ) water from WTP

Estimate residual chlorine consumption
of water in network pipe

Estimate residual chlorine consumption of
water in ground water reservoir

Control target free residual chlorine
of filtered water

Control target free residual chlorine
of clarified water

Estimate residual chlorine
consumption of water through filters

Chlorine demand amount for raw water
(Break point analysis results)

Estimate residual chlorine consumption of
water through  sedimentation basin

Data for estimation

End

Set dosing flow  rate of
post-chlorinator

Raw water flow  rate

Set dosing flow  rate
of pre-chlorinator

Filtered water flow  rate

Data for estimation
(seasonal change)

Analysis data

Data for estimation
(seasonal change)

Data for estimation
(seasonal change)

CT-1

CT-2

CT-3

NC-0

PC-2

PC-3

PC-1

PC-4

PC-6

PC-5

(PC-6)=(CT-1)+(PC-2)-(CT-2)

(PC-5)=(CT-3)+(PC-1)+(PC-5)

CT-0

(CT-1)=(CT-0)+(NC-0)+(PC-0)

Marginas safety factor for free
residual chlorine in network

PC-0

1/1
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Flow-2   02Control procedures for residual chlorine in WTP in PCS.xls

Flow-2 Procedures for residual chlorine control in water treatment plant
Start

Is measured free residual
chlorine in a controlled
range, within 1.5mg/l to
2.0 mg/l ?

Take a sample of transmission water
from transmission pump

Measure free chlorine

Continue operation the plant
under current condition

Yes

No

Control of post-chlrine dosing rate is required

Is measured free
residual chlorine around
target, 1.8mg/l ?

Yes

No Measured free residual chlorine is
more than 1.8 mg/l

Take a sample of distribution water
from tap at farthest point in the

Measure free chlorine

Is measured free residual
chlorine in required
range, within 0.5mg/l to
0 7 mg/l ?

Continue operation the plant
under current condition

No
Examine the cause of decrease of residual

chlorine

Yes

Take actions to recover the decrease
of residual chlorine

Yes

No

Is measured free
residual chlorine
within 1.5-1.8mg/l ?
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Flow-2   02Control procedures for residual chlorine in WTP in PCS.xls

Remaining amount of chlorine in
using drums - feeding gas

Raw water flow rate

Check normal operation of
post-chlorinator

Increase post-chlorine dosing
flow rate of post-chlorinator

Check normal operation of
post-chlorinator

Decrease post-chlorine dosing
flow rate of post-chlorinator

Investigations into the causes of
insufficient or excess residual chlorine

Is measured free
residual chlorine in a
range of control target?

Take a sample of filtered water from filtered
water sump and measure free residual

hl i

Is post-chlorinator
working normally and
set flow rate is proper?

Is post-chlorinator
working normally and
set flow rate is proper?

Yes

No No

Check the condition of filter
and filter media

Insufficient or excess residual chlorine of
filtered water

Take a sample of clarified water from
filtered water sump and measure free

id l hl i

Is measured free
residual chlorine in a
range of control target?

No No

Yes

Excess consumption amount
of residual chlorine in filter

Insufficient dosing rate of
pre-chlorine

Operation of pre-chlorine
dosingis adequate

Check operation condition
of post-chlorinator

Check the water quality of raw
water and break point

Check operation condition of
pre-chlorinator

Check operation condition

Change dosing flow rate
of pre-chlorinator

Change pre-chlorine
dosing rate

Change the dru,ms for
duty to filled drums

Recover or repair pre-
chlronator
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Criteria for residual chlorine control

Control target
CT-0  Control Target of free residual chlorine of distribution water from tap at farthest point of network
CT-1 Control target of free residual chlorine concentration of distribution water from WTP
CT-2 Control target of free residual chlorine concentration of filtered water
CT-3 Control target of free residual chlorine concentration of clarified water

Process condition
PC-0 Margine as fafety factor for free residual chlorine in network
PC-1 Chlorine demand for raw water (Break point)
PC-2 Consumption amount of free residual chlorine in reservoir 
PC-3 Consumption amount of free residual chlorine in filtering process
PC-4 Consumption amount of free residual chlorine in sedimentation
PC-5 Pre-chlorine dosing rate
PC-6 Post-chlorine dosing rate
PC-7 Time delay of appearance of chlorine dosing affect to filter water
PC-8 Time delay of appearance of chlorine dosing affect to clarified water
PC-9 Time delay of appearance of chlorine dosing affect to reservoir outlet water

Network condition
NC-0 Consumption amount of free residual chlorine in network 
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Alum dosing as 20 % diluted solution of LAS

Raw water flow rate Q l/sec

Dosing rate of alum (as LAS) A g/m3

Dosing flow rate of alum (as LAS) S l/hr

Concentration of alum solution c % 20

Density of LAS d kg/l 1.05

S(m3/hr) = Q (l/sec) × 60 × 60 × 1/1000 × A (g/m3) × 1/d (kg/l) ×100/20 × 1/1000  × 1/1000

A S220 S330 S440 S650 S700 S750 S800 S850 S900 S950 S1000
15 0.057 0.085 0.113 0.167 0.180 0.193 0.206 0.219 0.231 0.244 0.257
20 0.075 0.113 0.151 0.223 0.240 0.257 0.274 0.291 0.309 0.326 0.343
25 0.094 0.141 0.189 0.279 0.300 0.321 0.343 0.364 0.386 0.407 0.429
30 0.113 0.170 0.226 0.334 0.360 0.386 0.411 0.437 0.463 0.489 0.514
35 0.132 0.198 0.264 0.390 0.420 0.450 0.480 0.510 0.540 0.570 0.600
40 0.151 0.226 0.302 0.446 0.480 0.514 0.549 0.583 0.617 0.651 0.686
45 0.170 0.255 0.339 0.501 0.540 0.579 0.617 0.656 0.694 0.733 0.771

Relation between alum dosing rate,
 alum dosing quantity and raw water quantity (each

distribution shaft)

S220

S330

S440

0.000

0.050

0.100

0.150

0.200

0.250
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10 20 30 40 50

Alum dosing rate (g/m3)
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Pre-chlorine dosing

Raw water flow rate Q l/sec

Dosing rate of pre-chlorine A g/m3

Dosing flow rate of pre-chlorine S kg/hr

S(kg/hr) = Q (l/sec) × 60 × 60 × 1/1000 × A (g/m3) × 1/1000

S220 S330 S440 S1400 S1500 S1550 S1600 S1650 S1700 S1750
2 1.6 2.4 3.2 10.1 10.8 11.2 11.5 11.9 12.2 12.6

2.5 2.0 3.0 4.0 12.6 13.5 14.0 14.4 14.9 15.3 15.8
3 2.4 3.6 4.8 15.1 16.2 16.7 17.3 17.8 18.4 18.9

3.5 2.8 4.2 5.5 17.6 18.9 19.5 20.2 20.8 21.4 22.1
4 3.2 4.8 6.3 20.2 21.6 22.3 23.0 23.8 24.5 25.2

4.5 3.6 5.3 7.1 22.7 24.3 25.1 25.9 26.7 27.5 28.4
5 4.0 5.9 7.9 25.2 27.0 27.9 28.8 29.7 30.6 31.5

Relation between pre chlorine rate,
 pre chlorine dosing quantity and raw water quantity (Total quantity)

S220

S330

S440

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

2 2.5 3 3.5 4 4.5 5 5.5

pre chlorine dosing rate (g/m3)

C
h
lo

ri
n
e
 d

o
si

n
g 

qu
an

ti
ty

 (
kg

/h
r)

1/2
3.8-15



Raw water quantity - prechlorine dosing rate-prechlorine dosing
quantity

S330

S1500

S1750

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

2 2.5 3 3.5 4 4.5 5

Dosing rate of pre- chlorine (mg/l)
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S330

S1500

S1750
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Post chlorine dosing
Filltered water flow rate S l/sec

Dosing rate of post-chlorine c %

Dosing flow rate of pre-chlorine d kg/l

S(kg/hr) = Q (l/sec) × 60 × 60 × 1/1000 × A (g/m3) × 1/1000

S200 S300 S400 S650 S700 S750 S800 S850 S900 S950 S1000
0.50 0.4 0.5 0.7 1.2 1.3 1.35 1.44 1.53 1.62 1.71 1.80
1.00 0.7 1.1 1.4 2.3 2.5 2.70 2.88 3.06 3.24 3.42 3.60
1.50 1.1 1.6 2.2 3.5 3.8 4.05 4.32 4.59 4.86 5.13 5.40
2.00 1.4 2.2 2.9 4.7 5.0 5.40 5.76 6.12 6.48 6.84 7.20
2.50 1.8 2.7 3.6 5.9 6.3 6.75 7.20 7.65 8.10 8.55 9.00

           

Relation between post chlorine dosing rate, post chlorine dosing
quantity

and filtered water quantity (old & new  filter facility)

S400

S200

S300

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Post chlorine dosing rate (g/m3)
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D
a
te Time

Raw Water
Quantity
(lit/sec.)

Treated Water
Quantity
(lit/sec.)

liquid Alum
dosing rate

(mg/l)

Alum dosing
quantity (l/hr)

Intake turbidity
(NTU)

Clarificated
water turbidity

(NTU)

filtered water
turbidity (NTU)

Transmassion
water turbidity

(NTU)

9:00:00 AM
250 260 25 1 10.8 1.35 0.65 0.3

11:00:00 AM
415 410 25 1.9 10.5 1.34 0.6 0.29

1:00:00 PM
395 365 25 1.7 10.5 1.32 0.6 0.29

3:00:00 PM 400 380 25 1.6 10.8 1.31 0.53 0.28

9:00:00 AM
235 266 25 1.5 6.9 1.42 0.4 0.281

11:00:00 AM
240 230 25 1.2 6.66 1.4 0.38 0.28

1:00:00 PM
385 355 25 1.4 6.65 1.38 0.38 0.276

3:00:00 PM 385 345 25 1.4 6.64 1.38 0.36 0.27

9:00:00 AM
385 315 25 1.6 6.8 1.45 0.53 0.3

11:00:00 AM
385 315 25 1.6 7.1 1.42 0.5 0.32

1:00:00 PM
380 380 25 1.5 7.1 1.4 0.48 0.3

3:00:00 PM 380 350 25 1.5 7.11 1.38 0.45 0.33
1
-
D

e
c
-0

8

Alum&turbidity , Raw Water and Treated Water Production IN DEC 2008  
RECORD IN ZAGAZIG WTP
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