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 الخلاصة
 

دتنقتذ  دتصذمت  ماذجاتم مذجض مضذ ب   ي صذ تا    (Quick Basic)عذرلر رانذجمك مبمرتذبتا ر  ذ  إتضمنت هذه  لدرالةذ  

 055لدذ   05تتذالب  رذت                      ي   لدمتج  لدة حت  ي متذج  لنناذجا بتعاعجتاذج ي حتذم تامذر لدرانذجمك ر جمذجت تصذمتمت

لدذ  مضذوجت لدا ذم  /ةج   دتا ي نتجئك تعصت ت  دجمتم مالحر لدماابع لرتذرلض مذ  بنرذبل لدةذحل لدائتةذي ي لدم وذه   بصذب ا 3 

 لداجدي لدماتر   رجدارم .

مح ذ  لدضذذ هلت لدا ذم  -يتكون مشروع الماء المضغوط المصمم بواسطة برنامج هذه الدراسة منن المراحنل التالينة   

لدبل ئ مذم م حقجتاذج مذ  بنرذبل لدةذحل لدائتةذي ببنجرتذل ل اترذج ي بلدبحذر  لدمضذ ب   لدتذي تتمذب  مذ  حذب، لدو ذ  لدةذاتمي 

، ل نرمجج ي لدتابتل  ي بحب، لدتاةتل لدهي تحتبي ع   بدبل  لدتاةذتلي بمااذحجت لدامذر لدةذاتا  مةربجذ  لدبةذ ي بحب

منذبلت نقذر لن تذج  بلدمذجض لدةلئذر   رارهج تأتي بحبل، لدوذة  بلد ةذر لدامةذيي بمح ذ  لدضذذ هلت لدا ذم لداذجديي رجلضذج   لدذ 

 لد  لدتاقت .  بحبل، مح بر لدالي ب ممتجت لدم با لدمضج  

مبانذت لدنتذجئك لدتذي تضذمنت هذه  لدرالةذ  مذم بمي ذ  نااتذذ  بمبلصذعجت مذهمبا   ذي لدمصذجرا حتذم بيرتذت رمتاذج. بدقذذر  

/ ةج  دماجاتم لدمجض لدمض ب   تحت نعذ  لداذابم مذ  3  055ب  05بةارت  ي جرلبر لدنتجئك لدائتةت  ر جمتت  تصمتمتتت   ي 

 داج بلدمرولات لنواى لدتي تت  راج لدرانجمك دتبضتحاج بمنجماتاج. ض   براج  حالا  بإراجر مق م 

لدرانجمك لدمار  ي هه  لدرالة  ةار ل ةتورل ي بمذا  مذ  حتذم لدوتذالت لدتذي تضذااجي برمتذئ لدنتذجئكي ممذج تجاذر منذ   

بةذذت   ةذذا   بةذذاتا  د بصذذبر لدذذ  لدنتذذجئك لدم  برذذ  دتصذذمت  بحذذرلت لدتنقتذذ  لدمضذذ ب   بلدضذذذ بلنحذذبل،ي بإ ذذجر  لدمانرةذذت  

  لدصحت   رجدنتجئك لدمتارر   دلااتقذجض بلدتقذر   ذي مجذجر لدرحذم لدا مذي  ذي ةذرتر ورمذ  بلدرجحيت   ي مججر لدانرة  لدرتئت  ي لدانرة

 للنةج  بلدرتئ .  
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ABSTRACT 

 

This study presents a computer program for the comprehensive design 

of a package water treatment plant with a capacity ranging from 05 to 055 

m3/h . 

The main program, which was written in "Quick Basic", contains a 

number of sub-programs that deal with the design of individual treatment 

units.   

The designed package water treatment plant is envisaged to be of the 

conventional plant which is usually used in the treatment of surface water 

(rivers, and branches). The plant consists of the following train of processes:- 

Low lift pumping station, rapid mixing chamber, flocculation basin, settling 



basin, rapid filter with dual media, storage tank, sludge-overflow channels, 

alum solution tank, chlorine feeders, and ,finally, high lift pumping station.  

The output of the computer program was compared with solved design 

examples and acceptable limits from available text-books to confirm the 

algorithm of the programs. The results include two different cases of package 

water treatment plants design by using (05, and 055) m3/h as a capacities 

where the input data are constant in these cases. 

The program is easy and simple in the selection of the number of basins, 

the number of pipes, and solving all the problems that may be obtained with 

running of the program such as closed loops, frequency, and divergence of the 

objective. It is envisaged to be of great help to environmental 

engineers.                   
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WOO        Width of opening outlet.                                                           L 

WBP          Width of blades for rapid and coagulation  



                 solution mixers.                                                                         L 

WCT          Width of collection basin.                                                          L 

WSC          Width of settling chamber.                                                        L 

WFT           Width of flocculation basin.                                                     L 

WFL          Width of filter.                                                                           L 

WECH        Width of effluent channel for  

                 settling chamber.                                                                       L 

WW           Width of V-Notch weir.                                                            L 

WHOPPER     Width of hopper.                                                                       L 

WPAC.U         Width of package unit.                                                              L 

WB            Width of block for underdrain system.                                    L 

WT            Width of trough for filter.                                                         L 

WCBW        Width of clear-backwashing storage tank..                               L 

WC            Width of sludge-overflow channels.                                        L                                                                                         
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CHAPTER ONE 

INTRODUCTION 

 

8.8 Introduction 

 The basic concept for the design criteria for water treatment plant leads 

to a water quality service with economic sides and technical conditions for 

application in developed country. 

 To select the capacity of water treatment plant, it should be taken  



the number of population served by the plant, the design period using for the 

plant, the application of storage in the plant, the distance between the source 

of water and the plant, and the last point where the plant is able to serve. 

Selection of the design period for the plant is not easy, it depends on many 

considerations such as the rate of population growth, the rate of advantages 

for the plant, the technical development that used in the plant, and the design 

period for the structures and the equipments used in the plant. 

 Recently, the using of a package plant is increased in many countries 

especially in Iraq. Package water treatment plant has the same steps of 

conventional water treatment systems (coagulation, flocculation, 

sedimentation, and filtration) but they are combined in one unit with a small 

capacity. 

 

8.7 The Type of Package Plants According to The Process  

 The are three type of package plants according to the process: 

1. Conventional package plants: as the name suggests, contain the 

conventional steps of  coagulation, flocculation, sedimentation, and 

filtration. 

0. Tube-plate settler type clarification package plants: in this type, 

manufactures have used a relatively new technology including tube or 

plate settlers and high rate dual or mixed media filters to reduce the size 

of a plant and extend the capacity of a single factory-assembled units 

(used in the present study). 

3. Adsorption clarifier package plants: in this type, features on up-flow 

filter with low density plastic bed media (called the adsorption clarifier), 



followed by a mixed media filter to complete the water treatment. The 

flocculation and sedimentation basins have been replaced by the 

adsorption clarifier bed, thus combining the two steps in to one.  

 

8.1 System Description and Design Considerations 

 Package water treatment plant used in the present study is of the 

second type to treat all the rivers water in Iraq .  

 Treatment processes includes: 

1. Chemical pretreatment unit: the chemical pretreatment is achieved by 

using a rapid mixing unit with propeller mixer(include 1 blades) where 

the rational speed and the velocity gradient for this mixer range from 

(655 to 1655) rpm, (355-1555) s-1, respectively with short retention time 

1 min (AL-Majid Co.,0550). 

0. Gentle stirring unit: it is obtained by using two turbine mixers (paddle 

impellers) in the centre of flocculation basins where the rational speed 

and the velocity gradient for these mixers range from (0 to 10) rpm, (05-

25) s-1, respectively with the retention time range from (15-35) min 

(Qasim  et al.,0555) . 

3. Sedimentation unit: this unit contains lamella plates technique with a 

surface overflow rate from (05-65) m/h and short startup time about 10 

min (VEOLIA water Inc., 2116) 

1. Filtration unit: it is obtained by using  a rapid sand filter with dual media, 

the filtration rate range from (2-10) m/h . The under drain system is 

Leopold type where the water is used only during the backwash of the 

filter (Nishihara Inc., 2115). 



 In addition to these processes, package water treatment plant used in 

the present study contains low and high lift pumping stations, storage tank, 

alum solution tank, pipes, trenches, and chlorine feeders for disinfection. 

 

8.2 The Objectives of The Present Study 

The main aims of the present study are: 

1. Construction of a computer program by using a quick basic language to 

design different sizes of package water treatment plants in range of (05-

055)m3/h. 

0. To Construct a national units of package water treatment plants suitable 

for Iraqi water sources at a set of different range of capacity as simple 

and practical as possible.     

  

8.3 Contents of The Study 

 Chapter two gives a literature review about the main processes of the 

package water treatment plant. 

 Chapter three describes the theoretical background for the design of 

package units and the facilities used to carry the water. 

 Chapter four gives a design steps for the designed computer program. 

 Chapter five deals with the results of the designed computer program 

for two capacities (05-055)m3/h and the discussion 

 Finally, chapter six is intended for conclusions and recommendations for 

further studies 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER TWO 

LITERATURE REVIEW 

 

3.2 Introduction 

The main process in packaged water treatment plants includes the 

conventional steps as coagulation by rapid mixing the chemical coagulants with 

raw water, flocculation by gentle stirring to promote the growth of floc ( a 

colloidal suspension ), sedimentation to remove suspended solid particles, 

filtration for further removal of colloidal matter , and disinfection by chlorine. 

These steps are often combined in a complete pre-assembled unit.  

the laboratory-scale and pilot-scale optimization studies culminated in the 

conceptual design and development of a high-rate packaged water treatment 

plant, the process has a number of  advantages over the conventional treatment:  

5. A more compact in size where the construction is quickly.  

2. Lower capital costs because  it is eliminate sedimentation tanks in 

the treatment process. 

3.  Longer filter runs because a high percentage of the suspended 

matter is removed in the steeply inclined settling tubes or plates. 

4. Lower running costs. 

5. High filtration whilst meeting quality requirements for water in 

supply. 

 

3.3 The Rapid Mixing  

Rapid mixing chamber consists of a mechanical mixer with an impeller or 

propeller to create turbulence in this chamber, the axis of rotation for mixer is 

vertical or horizontal on the direction of flow. There are two main conditions 



that has effect on the rapid mixing and flocculation process (Amirtharajah et 

al.,5991): 

5. The intensity of agitation is called velocity gradient. 

2. Agitation time is defined as the ratio of the volume chamber to the flow 

entering through this chamber . 

In the design of rapid mixer, the retention time is less than the retention 

time in the design of the slow mixer for flocculation. 

ASCE, AWWA, and CSSE, (l969) suggested to use velocity gradient (G) 

and the retention time as listed in Table ( 2.5 ) in the design of rapid mixing 

chamber and they show that the typical retention time is between (21 -61)s. 

 

Table (3.2) : Velocity gradient and Retention time for rapid mixing 

chamber (Sank, 2891)             

Velocity gradient (s
-5

) 311 911 911 5111 

Retention  Time (s) > 41 41 31 21 

 

ESMIL Inc., (5939) suggested that the rotational speed for the motor of 

the rapid mixer is between (311-5511) rpm . 

Sank, (l991) showed that mechanical mixers usage is better than the 

hydraulic mixers due to the easy change of rotation in operation and easy of 

control at a low velocity gradient, these features are important in the change of 

water quality.  

Reynold, (5992) showed that  the diameter of propeller for rapid mixer is 

(313 to 513) of the width of this chamber and the small baffles are used  to 

reduce short circuiting. Rotational speed for  the blades ranging from ( 611 to 

5211) rpm with retention time and velocity gradient ranging from ( 31 – 61)s, 

(311 to 5111) s
-5

respectively. 



Peavy and Rowe, (5996 ) mentioned that the best range of velocity 

gradient for rapid mixing chamber is (311–5111) s
-5

 with detention time  2 min 

. 

Amirtharajah et al., (l991) in their study about the design of the rapid 

mixing chamber , mentioned that the typical velocity  gradient range from 311 

to 511  s
5
  with the retention time (51-51) s. 

Infilco Degremont Inc., (2112) showed that a coagulant is injected to raw 

water upstream of the package unit. The water then enters a rapid mixing 

chamber to destabilize colloidal matter by the mixer where it is the rotational 

speed is between (351-5511) rpm.  

AL-Magid Co., (2112) indicated that alum is used as a coagulant and 

added as a solution to the raw water in the rapid mixing chamber of package 

unit. The raw water is mixed with alum solution by the rapid mixer where the 

rotational speed of it is 5111 rpm for the package plant with capacity of 211 

m
3
/h.              

 

3.4 Gentle Stirring  

The coagulation process chemically modifies the colloidal particles so 

that the stabilizing forces are reduced. To insure that a maximum         amount 

of turbidity is removed, mixing condition and energy input must be properly 

provided after rapid mixing to allow the aggregation of destabilized particles. 

The coagulated water must be gently stirred to promote the growth of the floc. 

This process is known as flocculation. In the flocculation process, the mixture is 

gently stirred to promote the growth of the floc to a size that can be  removed  

by sedimentation and filtration. The typical floc size ranges from 1.5 to2.1 m 

(Qasim et al. ,2111). 

Ives and Bhole, (1973) showed that the value  of G*t range between (10 

4
-10

5
) with the retention time (51-31) min. The large values for velocity 

gradient and retention time will produce dense and small floc which are difficult 



to settle from water and the low value of velocity gradient and retention time are 

produced large size and light weight for flocs which are difficult to settle too. 

To produce dense and large flocs which are easy to settle in the water ,velocity 

gradient along the flocculation chamber should be reduced by dividing it on 

factors       equal to 2 . 

Sank, (5991) in his study have shown that the flocculation chamber 

usually found in upward flow clarifiers, sometimes the number of mixers is 

more than one in the flocculation basin which is rotated with a variable speed to 

create rotation in motion of water if paddle mixers are used, the rotational speed 

for this mixers should be (2-55) rpm to prevent the high disturbance flow which 

effects on the setting of flocs in the sedimentation stage . 

Wilson and Barnes, (1983 ) mentioned that the typical value for the 

velocity gradient  G  is (30–70)s
-5

. 

Quaye and Isaias, (l995) in their study about packaged water treatment 

plant have shown that the range of the mean velocity gradient for the design 

flocculation criteria ,G, value are 51-35s
-5

.  

Rowe and Peavy, (5996) in their study  have shown that the total area of 

blades should be not more than 213of the cross sectional area for the chamber. 

The speed of the end of blades relative to the speed of liquid equals to 35% of 

the actual  speed of blades, this speed is not more than 
s

m
1 . Minimum distance 

between the end of blades and any structure is 1.3m to reduce the high velocity 

gradient in small areas. 

Smethurst, (l999) showed that the total area of blades for mixer is (213) 

from the cross sectional area of chamber with dimension (1.55, and 1.6) m. The 

limit of the velocity for it is (1.55-1.5) m/s with retention time (51-41) min. 

Goodrich et a5., (5995) showed that the retention time of flocculation 

tank  in conventional package plant is between  (21-31)min but in plate or tube-



type settler package plant then water enters the flocculation chamber, the gentle 

mixing needs from 51to21 min depending on the flow.  

Qasim et al., (2111) showed that the degree of agitation employed in 

flocculates is much less than that used for rapid mixing. The purpose of 

flocculation is to cause a particle contact, while not creating sufficient 

turbulence to break up the floc particles. The typical velocity gradients (G) for 

flocculators range from 15 to 75s
-5

. Flocculation basins are normally designed 

with multiple mixing compartments in a series, with a velocity gradient 

successively lower in each compartment . This type of design is called (tapered 

flocculation) and has been found to produce a uniform and tough floc that will 

settle readily. The higher (G) value in the first compartment causes a rapid 

transformations of the primary particles into higher-density floc. The lower G  

value in subsequent compartments cause the build up of progressively Larger-

size floc, for better settling .   

The typical velocity criteria used in flocculation unit are as follows: 

 Typical velocity in conduits or flume from the rapid- mixing unit to 

flocculation chamber is from 1.45 to 1.9
s

m
. Tapered shape, either in 

width or depth is sometimes used to  achieve constant velocity in the 

flocculation basin influent-distribution channel. 

 The flocculation chamber should be designed to have a velocity through 

the basin between 1.55 and1.45
min

m
. Velocities greater than 1.5

min

m
 may 

result in shearing of the floc across the cross-section , to ensure that no 

dead spots exist in the basin . 

 The baffles are typically designed to have a velocity of 1.3 to 1.45
s

m
.The 

baffle-wall opening ratio is usually 3 to 6 percent. Staggered slots  

(typically 1.5-1.55m high and 1.4-1.6m long ) are also provided in the 

bottom for cleaning. 



 When a diffusion wall (or end baffle) is provided between the  

flocculation and sedimentation basins, a velocity of 1.55 
s

m
 is typically 

used to determine the orifice's opening area. A small part at the bottom 

and a small submerged section at the top of the diffusion wall are often 

provided to allow sludge and scum to pass to the sedimentation basin. 

 

3.5 Sedimentation  

There are three limits in the design of sedimentation basin: 

5. Quantity of water that can be treated ( Q ) . 

2. Retention time (to ). 

3. Surface Loading rate (vo ) . 

High-rate settlers can be purpose designed but prefabricated units can be 

inserted in to existing conventional settling chambers to improve their 

performance. Inclined tube or plate settlers provide a greatly increased surface 

area for settlement within the area of containing chambers. The critical settling 

velocity for discrete particles in a tube or a plate settler, as shown 

diagrammatically in Fig.(2.5) is given by  (Tebbutt, l999) 

)cos(
0

 LSin

KV
V


                                        …(2.5) 

Where 

         K : 5.33 for circular tubes and 5.11 for flat plates. 

         V : Velocity of flow through settler elements (m/h). 

      : Angle of inclination of elements (degree) with horizontal, and 

L : Length of element / diameter of tube or distance between       

                plates(m). 
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Fig (3.2) : High-rate settler (Tebbutt, l889)   

                                                  

Surface loading rate in some references is called setting velocity in 

(Smethurst,5999) and is called surface over flow rate ( SOR ) in (Steel and 

McGee, 5939 ; Tchobanoglous and Schroeder,5995 ). 

Hofkes et al., (l993) in their study have shown that the tube or plate 

settlers can be added to the sedimentation chamber. These are steeply inclined 

that allow the suspended matter to settle  in a shallow depth as the water passes 

through them and frequently installed in package treatment plants .A maximum 

loading rate is 2gpm/ft2 of cross sectional area for tube setters and 1.5 gpm/ 

ft2for plate settlers, based on 91 percent of the projected horizontal plate area .    

Quaye and Isaias, (5995) in their study about package water treatment 

plant after the laboratory and pilot-scale optimization studies, a square 45 

pyramidal up flow clarifier model was designed for a throughput of 5.36 m
3
/h, 

but this was up rated to 6.3 m
3
/h by installing a steeply inclined settling plate or 

tubes module in the clarification zone with short detention time (2.5 min). 

Huisman, (5996) in his study has shown that if use plate settlers in the 

sedimentation chamber, the clear opening (w) not less than 4cm and for upward 

flow, the slope a larger than 51. For the same clarification efficiency, the cost of 



construction including land purchase is about 21-31 % less than for  horizontal 

flow settling chamber . 

Goodrich et al., (5995) in their study have shown that retention time for 

settling chamber in convention package plant is 2hr but in tube or plate-type 

clarifier package plant is less than 25 min with surface over flow rate less than  

6.5 m3/day /m  

Qasim et al.,(2111) in their text have shown that the design of 

sedimentation basin is dependent upon the concentration, size, and behavior of 

the solid suspension. The variations in a basic sedimentation basin design have 

been employed to enhance the performance of the sedimentation process. The 

common variations include:   

5. Laminar-flow devices that enhance performance by creating more nearly 

ideal flow conditions, one well known modification of conventional 

sedimentation chambers used in water treatment , these devices consist of banks 

of small square- shaped tubes (commonly called tubes settlers) or plates 

(commonly called plate setters) , inclined at 45


-61


 angles from horizontal. 

The devices are installed near the outlet of the basin and are positional so that 

the water must pass through the tubes or channels, these devices provide 

enhanced solid removal because: 

a. The settling distance that a particle fall to enter the sludge zone is reduced ( 

SOR reduced ). 

b. Laminar flow is a achieved through the tubes or plates . 

c. Density currents, temperature currents, and wave action do not hinder the 

sedimentation process as they do in a conventional chamber. The design details 

of laminar–flow settlers are provided in Fig.(2.2).  
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Fig.(3.3): Laminar-flow settlers  (i) Flow regime in circular basin                

               (ii) Flow regime in rectangular basin (Qasim  et al.,3111) 

 

3. Number of available proprietary systems  that claim to enhance 

sedimentation are on the market. These system are  mostly of the modifications 

of the solids-contact clarifier to prevent the formation channels in the sludge 

blanket that generally reduce the settling effectiveness of a sedimentation 

chamber. For example on these systems and more recent development in 

enhanced sedimentation is " Actiflo clarification" which is a combination of the 

micro-sand ballasted flocculation and the high-rate settling. The technique 

consists of mixing the flocs (suspended solids) on micro-sand with the help of a 

polymer. The micro-sand is (51-511)  m in size, and the polymer is a 

flocculation aid. Reported benefits of the process in water treatment are 

increased removals of turbidity, color, TOC, and algae, with a reduction in 

mixing, flocculation ,and sedimentation time. The hardware, supplied by 

Kruger, Inc., utilizes an integral unit with a rapid mixing zone , a gentle mixing 

zone, and lamella modules. The hydrocyclone is used for micro-sand recovery. 

The system configuration is shown in Fig. (2.3).  

Generally,91 to 95 percent of the total solids are removed in the 

sedimentation process. This mass of solids must be removed from the 

sedimentation chamber before accumulation becomes excessive. Although some 

package plant drain chambers and remove sludge manually. In some times 

mechanical sludge collection equipment (scraper) is used to move the sludge to 

a hopper for removal.  The mechanical equipment employed in this process in 

generally used circular type shown in Fig.(2.3) 

 

 

 



 

 

 

 

 

Fig.(3.4) : Actiflo micro - sand ballasted flocculation system 

                          (Qasim et al., 3111) 

John Meunier Inc., (2111) in their project of packaged water treatment 

plant have shown that heavy flocs ballasted settle quickly in lamella plate or 

tube settler with settling rates ranging from 21 to 61 m/h  down to the 

thickening hopper and short retention time (not more than 55 min). 

Nishihara Inc., (2115) in its research has fixed the surface over flow rates 

for the sedimentation chamber in conventional water treatment plant is 2 m/h 

while for package water treatment plant with lamella plate is (21- 61) m/h. The 

high settling rates reduce the foot print size to (5/51to5/ 21) of the conventional 

water treatment plant as shown in Fig.(2.4). 

 

 

  

 

 

 

        

                

  

 

 

             *where ACTIFLO is package plant with lamella plate. 

Fig.(3.5) : Plan of footprint size for package water treatment  

                plant with lamella plate(Nishihara Inc., 3112) 
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Infilco Degremont Inc., (2112) showed that the over flow rate of lamella 

settling chamber in the package unit ranging from (51-61)m/h  with the short 

retention time of (21) min. 

VEOLIA water Inc., (2116) in its paper about the package water 

treatment have shown that the over flow rate in the settling chamber with 

lamella plate is between )8020(  m/h where the footprint size for the package 

unit is reduced.  

3.6 Filtration  

Sank, (5991)in his text book state that the typical design for filter depend 

on:  

5. Depth and particle size for filter media. 

2. Filtration rate.                      

3. Driving force for water. 

4.Method  of filter work.                  

According to his experiment in the dual media filter, he said that particle 

size for anthracite which is the top layer is between (5 to 5.2) mm  and sand 

which is the bottom layer is between (1.4 to 1.5) mm. 

Morris et al., (l991) in their study have shown that packaged gravity filter 

with dual media used anthracite material as the top layer with particle size is 

ranging from (5.11 to 5.4) mm and the depth for this layer is between (1.3 to 

1.5) m. The bottom layer used sand material with particle size and depth 

ranging from (1.4 to 1.3) mm ,(1.55 to1.3) m, respectively. Dual media filter 

bed is supported by gravel layer with particle size (2 to 54) mm and depth from 

(1.5 to1.25 )m.                                             

Zajic, (l992) has shown that the small rapid sand filter may come in one 

of two types open or pressurized. There is also another variant related to the in-

depth filter. Normally, these units have four layers of sand which , starting from 

the top , increase in size as liquids pass down to the gravel bed. The principle of 



operation of the in-depth filter is that of using a depth first smaller particles. 

Operation characteristics for open  filter single or in–depth listed in Table (2.2). 

Quaye and Isaias, (5995) have shown that flocculation in steeply-inclined 

tube or plate settler followed by a single or dual media filtration can produce 

water of a good quality to meet the WHO recommendations at three times the 

conventional filtration velocity.  A very high quality water of turbidity as low as 

1.5 NTU  and very levels of iron  1.15 mg/l, manganese  1.13 mg/l, aluminum 

1.19 mg/ l, and color was achieved at filtration velocity of 55 m/h  which is 

treble the conventional filtration velocity. Some package units used pressure 

filter with filtration velocities  ranging from 52.3 to 59.5 m/h ( 51 to 55 m
3
/h 

through put ) for filter run times ranging from 5 to 24 h during the on-site 

testing of packaged water treatment plant. 

Goodrich et al., (l995) in their  study have shown that clarifier water then  

enters a gravity flow mixed  media (a filter with a coarse to fine gradation of 

filter media or several type of filter media ) . Packaged filter usually rapid rate-

mixed media filter with filtration rate of 5 to 55 m/h. 

Adams et al., (2111) in their study about packaged drinking water 

treatment systems have shown that packaged filter is simply all of the features 

of filtration-chemical addition, flocculation, sedimentation, and filtration 

mounted as a unit on a frame for simple hook  up of pipes and services . It is 

most color and coliform organisms removed with filtration process. Packaged 

filtration is often used to treat small community water supplies as well as 

supplies in recreational areas, state parks, construction site, ski areas, and 

military installation, among others.  

John Meunier Inc., (2111) has shown that the filtration bed in a gravity 

packaged filter can either consist  of a single layer of sand or multiple layers of 

sand and anthracite with filtration rate range from 51 to 55  m/h.  

Qasim et al., (2111) in their research about filters, developed a 

relationship between the depth of filter media (I)  and the effective size of the 



media (de) from many filter design in operation. This relationship is 

summarized in Table (2.3). 

Table (3.3): Design parameters for rapid sand filter (single 

                               and in-depth ) ( Zajic, l893) 

 

Parameters 
Rapid sand filter 

Single In-depth 

Through put rate GPM / ft
2

 

 

2-4 

(6-51) up 

flow 

 

 

52-56 

 

Depths of bed Materials ( inches) 

 

(59-3O) 

Sand 

(9-21) 

Gravel 

 

(59-22) Anthracite 

51 sand or garnet 

(9-21) gravel 

Bed area ( ft
2
) (21-45) (21-41) 

 

Grain size ( mm ) 

 

 

1.4 Top 

2.5 (Max) 

bottom 

Gravel 

2.5+ 

 

 

1.9 Anthracite 

1.4 Sand 

2.5 + Gravel 

 

Typical tank depth(ft) 51 open Varies 

Back wash rate (gal/min/ft
2
) (55-31) (55-31) 

Backwash frequency 24 hr 24 hr 

 

Table ( 3.4) : The ratio of the media depth (I) to the effective size 

                            of media (de) ( Qasim et al.,3111) 

Filter type Material 
Effective 

size (de)mm 

Media depth     

(I) cm 

Uniformity 

Coefficient 
I/de 

Small dual 

media 
Anthracite, & Sand 

5.11 

1.5 

51 

25 

5.5 

5.3 
5156 

Intermediate 

dual media 
Anthracite, & Sand 

5.99 

1.35 

36.2 

39.5 

5.5 

5.2 
5123 

Large dual 

media 
Anthracite, & Sand 

2.11 

5.11 

515.6 

51.9 

5.5 

5.3 
5156 

Mixed media 
Anthracite, Sand, & 

Granet 

5.11 

1.42 

45.3 

22.9 

5.5 

5.5 
5316 



 

1.25 3.6 5.3 

Mono  media Anthracite 5.11 515.6 5.4 5156 
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CHAPTER FOUR 

DESIGN STEPS 

 

1.4 Introduction  

The package water treatment plant used in this search include 

multi–units for mechanical, physical and chemical processes starting 

from:  

1.  Low lift pumps.  

2. Package unit which include rapid mixing connecting with alum 

solution tank, flocculation, sedimentation, collection, and filtration.  

3.  Clear and back wash water storage tank . 

4.  High lift pumps connecting with chlorine feeders.  

These units are shown in Fig.(4.1). 

 

 

 

 

 

 

 

               Fig. (1.4) : Design plan of package water treatment.  

 

1.4  Flow Chart for The Computer Program  

The steps of the computer program are:  

1. Input the maximum demand capacity for the plant in m
3
/h  CAPPWTPQ .  

2. Input the maximum and minimum estimated temperature values for the 

water in the river (C°) (Tmax, Tmin. ), respectively  According to these 
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values, the computer program will calculate the water density (  ) and 

water viscosity (  ) from the following equations:  

max  Input from file at Tmax                 if Tmax ≤ 36C°                    …(4.1)  

 av  Input from file at Tav 

 min  Input from file at Tmin                      if Tmin ≥ 6C°                      …(4.2)  

 av  Input from file at Tav 

T




30

00466.0
000466.0 max

max


                 if Tmax > 36C°                    …(4.3)  

 
T




30

2.983
2.983 max

max


                         if Tmax > 36C°                    

…(4.4)  

3. Input maximum, minimum, and natural depths for the river water 

(DXR, DMR, and DR), respectively  as shown in fig.(4.2).  

4.  Input top and bottom widths of the river water as variables (WR, and    

WRB), respectively.   

5. Input the raw–water pump station distance from the river bank 

(DSLLPS).  

6. Input the project distance between the package units (DSPAC.U).  

7. Input the elevation of project ( plant ) above the sea water level (ELPP ).  

8. Input the vertical distance between the low lift pump and the package 

units (DSLLPP) in whish this value is entered by the user according to 

the natural of a project and not less than 1.5m.  

9. Input the spacing between the package units and the clear-backwash 

water storage tank (DSPCBW).  

16.  Input the vertical distance between the clear-back wash water storage 

tank and the high lift pump (DSULPDT) in whish this value is entered 

by the user according to the natural of a project and not less than 

1.5m.  
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11.  Input the elevation of project ( plant ) from the minimum expected 

level river water (ELP).  

12.   Input the net–work serve head (HNT).  

13.   Input the net–work elevation (ELNT). 

14.  Call the subroutine to design the rapid mixing chamber (R.M.C).  

15.  Call the subroutine to design the flocculation basin (F.T).  

16.  Call the subroutine to design the settling chamber (S.T). 

17.  Call the subroutine to design the collection basin (COLL.T).  

18.  Call the subroutine to design the filter (filter)  

19. Call the subroutine to design the sludge and overflow channel           

(Trench).   

26.  Call the subroutine to design the plant hydraulics profile (H.G).   

21.  Call the subroutine to design the low lift pumping station  (L.L.P.S).  

22.  Call the subroutine to design the high lift pumping station (H.L.P.S).  

23.  Call the subroutine to design coagulation solution tank (C.T).  

24.   End the program.   

 

1.4 Low Lift Pumping Station  

It is the first stage in the package water treatment plant which locates on 

the river water. This station is responsible on the suction of raw water 

from the river to the package units. Low lift pumping station include 

main suction pipe, low lift pump, delivery and distribution pipes to the 

package units as shown in Fig.(4.3).  

Assume the number of service pumps is equal to the number of 

package units (NULLP = NUPAC.U) and the number of out of service 

pump (NUOLLP = 1), thus the total number of pumps can be calculated 

from the following equation: 

                    NUTLLP = NULLP + NUOLLP                               …(4.5)   
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Main program 
 

Fig. (1.4) :  Computer  flow chart 
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 Fig. (1.4) : Plan of low lift pumping station for design capacities  

(411- 11)m
4 

/h    

1.4.4 Raw Water Suction Pipe  

Raw water or main suction pipe as shown in Fig.(4.4) is extended 

to the horizontal distance equal to one fifth of the river bottom width to 

protect the pipe from the large dirt and suspend which are always grouped 

at the river shoulders. This pipe rises lm above the bottom of river to 

prevent suction the sludge from the bottom and damping 6.5m from the 

minimum expected water depth in river where the NPSH value is high 

and positive always, and continue after the horizontal distance (DSLLPS) 

which is entered according to the natural of a project (AL-Nakeeb, 2666).      

The length of main suction pipe can be calculated from the following 

equation: 

             5.1
25




 DMR
WRWRWR

DSPL BB
LLPSLLS                   …(4.6)  

The discharge of this pipe is equal to the capacity of package plant 

(m
3
/s):  

                           PQLLS = 
3600

Qcap
                                       …(4.7) The 

program of pipe design is used to find the diameter of the pipe 

and the head loss is calculated according to the number of:  

1. Entrance from the river, ET = 1.    
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2. Gate valve, GV = 1.  

3. Check valve, CV = 1. 

4. Run to branch, TR = 1. 

5. Out to the pump, OU = 1. 

 

 

 

 

 

 

 

                     Fig. (1.1) : Main suction pipe and it's joints  

  

The head loss of the pipe is added to the total head loss of the plant 

to calculate the power of low lift pumps.  

The main suction pipe contains screen that has the same diameter 

to prevent the entering of the large dirt and fish to the pumps.  

The diameter of screen opening is 25mm. The total area of opening 

is calculated according to the following equation(ESMIL Inc.,1978): 

                                75.0
4

2

 LLPS
IPS

PDM
A


                                …(4.8)  

Where PDMLLPS  is the main suction pipe diameter.   

Discharge of the screen in equal to the discharge of the pipe 

(PQLLPS), then the head loss through this screen is calculated from the 

following equation(AL-Nakeeb,2666): 

                                     

2

6.02

1












IPS

LLPS
IPS

A

PQ

g
HL                                   …(4.9)  

The main suction pipe is connected with horizontal joint pipes 

which are differed in their diameters and are equalized in their length 

(LLLPS = 3m) where each pipe is to feed one pump. The number of these 
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pipes is equal to the number of  pumps  (NUPLLPS=NULLP) The discharge 

of the main suction pipe differs from the discharge of the first joint pipe 

because the first pump receives discharge equal to the discharge of the 

second pump and then for other joint pipes. Discharge that passing 

through the pump (m
3
/s) can be calculated from the following equation: 

                        
LL

LLS
LL

NUPUMP

PQ
QPUMP                                  …(4.16) 

Discharge of joint pipes between the pumps is calculated from the 

following equation: 

                    LLiLLSiLLS QPumpPQPQ   )1()(                             …(4.11) 

The design of joint pipes is calculated from the program of pipe 

design to find the diameter and the head loss is calculated according to 

the number of the following fitting:   

1. Gate valve, GV = 1. 

2.  Reverser ,T9T = 1. 

3. Out to the pump, OU = 1.  

The head loss due to the change in pipes diameters is added to the 

head loss of joint pipes and is calculated from the following equation: 

                               
)(

)1(
%

iLL

iLL

PA

PA
PA


                                     …(412a) 

                       
g

PV
PAPHLPHL

iLL

iiLLiLL
2

%
)(

)()1()(                     …(4-12b) 

Where PA is the cross–section area of pipe (m
2
), and PH is the pipe 

head loss (m). 

The head loss in the main suction pipe is added to the head  loss in 

joint pipes to find the total head loss in suction pipes.   

 

1.4.4 Raw Water Delivery Pipe   

Raw water (main) delivery pipe is extended from low lift pumps to 

the point of branch to feed the package units as shown in Fig.(4.3).   
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The main delivery pipe is connected with the horizontal joint pipes 

which are differed in diameters according to the change of discharge that 

passing from the pumps and the design procedure of these pipes is similar 

to the design procedure of suction joint pipes.  

The main delivery pipe length is calculated from the following 

equation where the distance between the last pump and the wall of 

pumping station is equal to 3m. 

                            3
2


WI

LPL RMCLLD                              …(4.13) 

The discharge of this pipe is equal to the capacity of plant in (m
3
/s): 

                                    
3600

cap

LLD

Q
PQ                                       …(4.14) 

The pipe is designed from the program of pipe design to find the 

diameter and the head loss can be calculated according to the number of 

the following fitting: 

1. Check valve, CV = 2.  

2. Run to branch, TR = 1. 

3. Gate valve, GV = 1. 

 

1.4.4.4 Delivery Pipes to The Package Units  

The first pipe is extended from the main delivery pipe to the first 

package unit but the other pipes are extended from the delivery pipes 

between the package units (distribution pipes) to the package units 

according to the number of package units as shown in Fig.(4.3). The 

number of pipes is equal to the  number of package units (NUDPPU = 

NUPAC.U).  

The length of each pipe is calculated from the following equation: 

                     5.0 PRMCPLLLPDPU ELDDSPL                      …(4.15) 
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Where DSPL is the vertical distance between the low lift pumping 

station and the package units which is entered the according to the natural 

of a project. In all cases, not less than 1.5m. The discharge passes through 

these pipes is equal to the discharge of package units in (m
3
/s) and is 

calculated as: 

                           
3600

.UQPAC
PQLLPDPU                                  …(4.16) 

These pipes are designed from the program of pipe design to find 

the diameter and the head loss of each pipe can be calculated according to 

the number of the following fitting: 

1. Out to the package units, OU = 1. 

2. Gate valve , GV = 1.  

3. Elbow 96,  E9 = 1. 

4. Run to run, TR = 1.  

 

1.4.4.4 Delivery pipes between Package Units (Distribution pipes)  

The work of delivery pipes between package units is to distribute 

the raw water to the delivery pipes of package units as shown in Fig (4.3).  

The number of these pipes depends on the number of package units 

(NULLPDDP  = NUPAC.U -1). 

The length of each pipe is calculated from the following equation: 

                            WILSPPL RMCLLPDD                               ... (4.17) 

The discharge of the delivery pipes between the package units can 

be calculated from the following equation: 

                   UQPACPQPQ iLLPDDiLLPDD .)1()(                         …(4.18) 

Design of pipe is attempt from the program of pipe design to find 

the diameter and the head loss is calculated according to the number of 

the following fitting: 

1. Gate valve, GV = 1.  

2. Reverser,T9T = 1.  
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  The head loss due to change in pipes diameters is added to the head 

loss of pipes which calculated from Eq.(4.12a) and Eq.(4.12b).  

  After the head loss calculation in all pipes of low lift pumping  

station, the total head loss is calculated from the following equation:  

  )()2()1()( iLLSLLsLLDLLDiLLDLLDLLP PHLPHLPHLPHLPHLPHLTH  

                         
PppRMC ELELEL                       …(4.19) 

The total head loss in each pump is calculated from the following 

equation:  

                                    LLPLLP THH                                       ... (4.26) 

The discharge for each pump in (m
3
/s) can be calculated from the 

following equation: 

                               
LLP

LLD
LLP

NU

PQ
Q                                     … (4.21) 

When the pump efficiency is 86:, the power of each pump in (kw)  

is calculated from the following equation: 

 

                                
8.0

60163.0 LLPLLP
LLP

HQ
P


              ... (4.22) 

And the total power for all pumps is :  

                                 LLPLLPLLP NUPTP                              ... (4.23) 

 

1.1 The Rapid-Mixing Chambers  

  It is the first stage of package units where the coagulant solution is 

added after mixing the coagulant with water in chemical basin. Coagulant 

solution is mixed in rapid mixing chamber with raw water that entered 

from inlet to this chamber by using "rapid mixers ". The work of rapid 

mixers is to give the homogeity of mixture by the water currents that 

generated in mixing chamber. The method of mixing that used in the 
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computer program is done by the central mixer locates in the rectangular 

chamber where the water is raised from the low lift pump station . The 

rapid mixing chamber is located in all lines of production for raw water 

treatment. The number of production lines depend on the number of rapid 

mixing chamber, therefore a method to find the number of this chamber 

should be taken. Water treatment plant is not work with its full 

production of its first operation. The designed capacity of production is 

calculated according to the design period of the plant (after passing the 

time period that must be taken change in the size of population for the 

region or the volume that the plant is feed). There are different methods 

to operate the plant, one of these methods is the operation of the one line 

of production for all times of day to meet the maximum actual water 

demand. 

This method is used  to design the rapid mixing chamber but it is 

not favorable because the maximum actual water demand is less than the 

designed capacity of the plant, so it is necessary to constructed multi-line 

of production, and then the size work and the total cost of plant are 

increased. In this method, the time period to operate the line of 

production is less than the demand period for the designed capacity of 

plant. Other method is usually used that must be taken the hours of 

operation for plant or the line of production which designed multi - lines 

of production with capacity large than the maximum actual water demand 

but does not work in all time of the day (distribution the hours of work 

for the lines of production to safe the maximum actual water demand ). 

To safe  positivist first method with this method and to prevent the 

problems that occur due to construct one line of production, the package 

plant is designed with multi-lines of water production. The work of these 

lines does not depend on the actual water demand (large than the actual 

water demand) at the suggested limits from the designer. In the designed 
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computer program, design factor is used to find the number of lines 

production (package units) by dividing the maximum demand capacity on 

this design factor. The number of production lines is not more than 16 

and the value of designed capacity of plants:  

     1. Design capacity from (166 to 266)
hr

m 3

                        DF=76 

2. Design capacity from (56 to 99)
hr

m 3

                           NURMC=1 

Where the designed computer program is not work with capacity 

less than 56 
hr

m 3

 or more than 266 
hr

m 3

.  

The number of rapid mixing chamber is calculated from the 

following equation: 

                                    )
max

(
DF

Q
INTNU RMC                                 ... 

(4.21) 

Then the number of package units is equal to the number of rapid 

mixing chamber (NUPAC.U= NURMC).The retention time range for the  

rapid mixing chamber in the package plant is (6.5-1.5)min, then the 

retention time in the designed computer program is assumed one minute 

(RTRMC =1 min) as a first assumption.   

The discharge of rapid mixing chamber is calculated from the 

following equation: 

                                   
RMCNU

Q
UQPAC max.                                    ... (4.22)  

The volume of rapid mixing chamber is calculated from the 

following equation: 

                           
60

. RMC

RMC

RT
UQPACVOL                            … 

(4.23)  
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In the designed computer program, the length of rapid mixing 

chamber is assumed to be equal ( RMCRMC WL 2 ) and the depth is assumed 

of (DRMC=1.5 RMCW ), therefore the width of rapid mixing chamber is 

calculated from the following equation: 

                            
3

RMC

RMC

VOL
W                                     …(4.24) 

So, the total depth is: 

                                TDRMC = DRMC + FB                                 ...(4.25) 

Where  FB is the free board and is equal to 6.25m. 

The design of rapid mixing chamber in the computer program 

contains an inlet basin to reduce the dead current and to improve the 

mixing performance where the width of inlet basin is equal to three 

quarter of the width of rapid mixing chamber (WI=6.75WRMC) and its 

length is equal to the width of inlet (LI=WI) as shown in Fig.(4.5). 

The width of one package unit is calculated from the following 

equation: 

                        WPAC.U = LRMC + LI                                   …(4.26)   

 

1.1.4 The Rapid Mixer  

Rapid mixing chamber contains the mixer (marine type) where the 

dimensions of this mixer is depended on the dimensions of the chamber. 

The following design criteria are adopted (AL-Majid Co.,2662) :  

1. Propeller mixer diameter (m) :  PD = RMCW
3

1
    

2. Number of propeller mixer  per chamber :  NUPD = 1  

3. Number of blades per mixer : NUB = 4  

4. Height of propeller mixer  from the bottom of chamber (m): 

Hp = 3PD  

5. Width of blades per mixer : WB =  6.2 PD 
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◦ 

6. Shaft  diameter : SD = 
8

1
PD  

    

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

                Fig. (1.5) : Plan of rapid mixing chamber designed  

                                        in the package unit 

 

1.1.4 The Power of Mixing  

To calculate the power of mixer, it should be assumed that the 

value of revolution per minute for mixer (RPMRMC) is between (666-

1666).  
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The first assumption for The revolution per minute is 

(RPMRMC=1666). By substituting the value of (RPMRMC) in Eq.(4.27), 

we get the required power for mixer as follows:  

                     PRMC= 
g

PD
RPM

k RMC 53 *)
60

(**
                    ... (4.27) 

Where k is the constant of marine type propeller blades which is 

equal to 1.94, as shown in Table (3.1). 

After calculation the required power of the mixer, the velocity 

gradient is calculated from the following equation: 

                         
RMC

RMC
RMC

VOL

P
G

*
                               … (4.28) 

The GRMC value is compared with the maximum and minimum 

limits (366-1666/s), respectively. If this value is more or less than the 

design limits, the Eq.(4.29) is applicated and re-calculated of GRMC value 

from Eq.(4.28) at new value of RPMRMC.  

        RPMRMC =  RPMRMC   5        366< GRMC<1666      …(4.29) 

If the RPMRMC value is out  the design limits then Eq.(4.36) is 

applicated and the chamber is re-designed at new RTRMC value.  

                RTRMC = RTRMC 6.1          666 < RPMRMC<1666  …(4.36) 

If the RTRMC value is out  the design limits then Eq.(4.31) is 

applicated and the chamber is re-designed at new RTRMC value.  

                     NURMC = NURMC   1               6.5< RTRMC <1.5     ...(4.31) 

If the Eq.(4.31) is applicated then the number of package unit is re-

calculated according to the following equation: 

                    NUPAC.U =NURMC                                                  …(4.32)   

The width of inlet opening at the bottom of rapid mixing chamber 

is calculated from the following equation: 

               WOI = WRMC                                                                                                 ...(4.33)   

And the depth is:  
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                DOI = 6.5 WRMC                                                        …(4.34) 

The width of outlet opening at the top of rapid mixing chamber is 

calculate from the following equation as shown in Fig (4.5). 

               WOO = LRMC                                                              …(4.35) 

And the depth is : 

                  DOO = 6.25 WRMC                                                     …(4.36)            

 

1.5 The Flocculation Basin  

 Flocculation Basin is the second stage after the rapid mixing 

chamber. In this basin, The mixing process is conducted by the mixer 

with gentle or slow speed to promote the growth of floc to a size that can 

be removed by the settling chamber. In the designed computer program, 

tapered flocculation type  is used to design the flocculation basin where 

its location is after the rapid mixing chamber directly as shown in 

Fig.(4.6).  

In one package unit, the following assumptions are used: 

 The number of flocculation basin per package unit is (NUFT  = 1) 

 The width of flocculation basin is (WFT = WPAC.U) 

 The  depth of flocculation basin is (DFT = DRMC) 

 The number of slow mix chamber (compartment) per flocculation 

basin is (NUSMC = 2) but not less than 1 and not more than 3 

according to available retention time (1  NUSMC = 2   3). 

 The width of slow mixing chamber is equal to width of the 

flocculation basin (WSMC = WFT), the length (LSMC =1.5 WSMC) and 

the depth (DSMC = DFT), then the volume of slow mixing chamber 

(VOLSMC = WSMC*LSMS*DSMC). 

The volume of flocculation basin is calculated from the following 

equation:  

                   VOLFT = DFT * WFT *LSMC*NUSMS                 … (4.37)  
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  The retention time limit is between (16-36) min and can be 

calculated from the following equation: 

                                          
FT

FT
FT

Q

VOL
RT                                         …(4.38) 

If RTFT value is more or less than the limits then Eq.(4.39) is          

applicated and VOLFT will determined from Eq.(4.37) at new 

(NUSMC)value. 

                                 NUSMC = NUSMC  ± 1                                 …(4.39) 

Free board is added to the depth of flocculation basin according to 

the following equation: 

                       TDFT = DFT + 6.25                                    …(4.46) 

 

1.5.4 Gentle Mixers  

The slow mixing chamber (compartment) in the flocculation basin 

contains one gentle mixer, the gentle mixer is designed according to the 

standards as shown in Fig.(4.7).  
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   Fig. (1.4)  :  Plan  of  flocculation  tank   design   with   two  

                          slow mixing chambers (compartments) according  

                          to available retention time ( 31  SMCNU ) 
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 The diameter of  mixer (m): DMSMCI = 6.75 WSMC . 

 The radius of mixer (m): RSMCI = 6.5 DMSMCI . 

 The height of mixer from the bottom of chamber (m): HI = 6.25 . 

 The blade mixer width (m): WBI = 6.2 . 

 The blade mixer length (m): LBI = DSMC – 6.5 .  

 The number of dual blade bar in all axis: NUSMCIP = 2 . 

 The number of blades in each bar: NUSMCBI = 4 . 

 The length of rod for each blade from the major axis: 

            RSMCBI = RSMCI – 6.5 *WBI.                                                   

            RSMCBI(i)  = RSMCB(i-1) – (6.66 + WBI). 

 The summation of blade rod in each bar: 





SMCBINU

i

iSMCISMCISMCI RRSR
2

4

)(

4
)(  

 The designed computer program selects the typical value of drag 

coefficient according to the relation length to width of blades from 

Table (4.1):  

 

  

 

 

 

 

 

 

 

 

 

                        Fig.(1.7) : Gentle mixer configuration 
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Table (1.4) : Drag coefficients of flat blades 

Ratio  

LBI /WBI 

CD 

< 1 1.16 

1 to 5 1.16+( LBI /WBI -1)*6.61 

5 to 26 1.2+( LBI /WBI -5)*6.62 

>26 1.5+( LBI /WBI -26)*6.64 

 

1.5.4 The Power of Mixing  

The power of mixing is depended on the revolution per minute for 

mixers. The limit of revolution per minute is between (2 to 16). The first 

assumption of revolution per minute is (RPMSMC(6) = 6.5) and the 

revolution per minute for each mixer in the flocculation basin is 

calculated from the following equation: 

                          RPMSMC(6) = 6.5            

                   RPMSMC(i=1 to NU SMC ) = RPMSMC(i-1) -6.5                  …(4.41) 

The power of each mixer is calculated by substitution the )(iSMCRPM  

value for each mixer and as shown in the following equation: 

SMCIiSMCBID
SMCIPSMCBI SRRPMkWC

NUNU
*)*

60
(*)1(****

8

*
P 3

)(

3

)toNU1SMC(i SMC


       

                                                                                                        …(4.42) 

The range of velocity gradient limits is between (15-75/s). The 

velocity gradient for each mixer is calculated from the following 

equation:  

                        
SMC

iSMC

iSMC
VOL

P
G

*

)(

)(


                                 …(4.43) 
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The velocity gradient value is compared with the limits, If this 

value is more or less than the limit then the following equation is             

applicated:  

               RPMSMC(i) = RPMSMC(i) ± 6.5         15< )(iSMCG <75       …(4.44) 

Re–calculation of )(iSMCG  value is made at new RPMSMC(i) value 

calculated from Eq.(4.43). If the RPMSMC(i) value is more or less than the 

limits then Eq.(4.45) is applicated and re-designed the mixer at new 

DMSMCI value  

                                DMSMCI = DMSMCI ± 6.65                            …(4.45)  

After calculation of the retention time for flocculation basin, the 

retention time of one slow mixing chamber is calculated from the 

following equation: 

                                     RTSMC(i) = 
SMC

FT

NU

RT
                                    …(4.46)  

The value of (GSMC(i)*RTSMC(i)*66) is compared with the limit 

values, the limit value is between (9566-16
5
). If the value of 

(GSMC(i)*RTSMC(i)*66) is more than the design limits, the following 

equation is applicated:  

                           NUSMCB1 =  NUSMCB1-1                                 …(4.47) 

If the value of (GSMC(i)*RTSMC(i)*66) is less than the limit then the 

following equation is applicated:  

                      NUSMCIP =  NUSMCIP + 1                                …(4.48)  

In each case, the computer program is redesigned the mixer 

according to the to the new values of NUSMCB1 and NUSMCIP.  

 

1.5.4 Diffusion Wall with Ports as Outlet of Flocculation Basin  

The diffusion wall separates the flocculation tank and settling 

chamber by circular ports as shown in Fig.(4.6). The important design 

consideration of diffusion wall is to distribute the flow evenly into the 

settling chamber.  
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In the designed computer program, the basic design requirements 

are:  

 The ports should be uniformly distributed through out the baffle 

wall. 

 In order to minimize the length of the jets and the dead zones 

between ports, a maximum number of ports should be provided. 

 The maximum flow velocity through the ports should be 

approximately VP = 156 mm/s, in order to prevent floc break up.  

 The most effective type of diffusion wall should have uniformly 

distributed ports where ports diameter is (dp = 125mm) with an 

opening ratio of 6 to 8 percent.  

 The optimum head loss through the ports should be (2-3)mm. This 

value is small and assumed zero.  

The total area port is calculated from the following equation: 

                                        
P

FT
TP

V

Q
A                                         ... (4.49)   

And the port area is calculated from the following equation: 

                                       
2

4
PP dA


                                         …(4.56)   

 

The total number of ports can be calculated from the following 

equation:                          

                                )(
P

TP
P

A

A
INTN                                      ...(4.51) 

Then the number of ports per one row is calculated from the 

following equation: 

                                      











SMC

PPR
W

NP
INTN                                  ... 

(4.52) 
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And the number of ports per one column is calculated from the 

following equation: 

                               











PPR

PPC
N

NP
INTN  +1                            … (4.53) 

The port spacing per row and per column are calculated from the 

following equations, respectively:   

                                 
PPR

PPRSMC

N

dpNW
SR

)*(
                                 ...(4.54) 

                              
PPC

PPCSMC

N

dpND
SC

)*(
                                 ...(4.55) 

 

1.4 Settling Chamber with Lamella Plate  

Settling Chamber is the third stage in the design of package unit 

where it is located after the flocculation basin directly. In this chamber, 

the floc that forming in the flocculation basin is settling by gravity 

according to surface area of settling basin with available retention time, 

and settling velocity.  

In the designed computer program, the lamella plate is used in the 

settling chamber to increase the settling efficiency by increasing the 

surface area of settling as shown in Fig.(4.8) with the following 

assumptions: 

 The width of settling chamber :  WSC = WPAC.U 

 The depth of settling chamber :  DSC = DFT 

 The length of settling chamber : LSC = K*WSC           (k=1)  

The features of Lamella Plate are: 

 The height of Lamella plate (m) : HPS = F*DSC           (F=6.7) 

 The angle slope of lamella plate (degree)  : X =   

 The spacing between lamella plates (m)  : W = 6.66  

 The width at lamella plate (m) :  WPS = WSC 
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 The thickness of lamella plate (m) : T = 6.664     

The number of Lamella plates is calculated from the following 

equation: 

                                1









W

L
INTN SC

PS                               … (4.56) 

Then, the discharge(m
3
/h) is: 

                                     
PS

PS
N

UQPAC
Q

.
                                    …(4.57) 

The length of Lamella plate (m) is calculated from the following 

equation: 

                                











180
*


XSin

H
L PS

PS                                   ...(4.58) 

The apparent surface overflow rate can be calculated from the 

following equation where the limit values are between (16-66) m/h. 

                             
TW

XSinUQPAC

Sap












180

**.


                             ...(4.59)  

If the apS  value is more or less then the limit then the following 

equation is applicated and re-designed the lamella plates according to 

new X value.  

                 X = X ± 5              16 < apS <66                   …(4.66)  

The limit value of angle slope X is (46-75).If the X value is more 

or less than the limit then the following equation is applicated and re-

designed the lamella plate according to the new W value.  

                                W = W±6.61           46  < X < 75                 

…(4.61) 

The limit value of spacing between lamella plates is (6.64-6.69)m. 

If the W value is more or less than the limit then the following equation is 
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applicated and re-designed the lamella plates according to the new K 

value where K is the ratio of length to width of settling chamber.  

                               K = K ± 6.1               6.64<W<6.69              

…(4.62) 

The actual surface overflow rate can be calculated from the 

following equation: 

                              













180
**

*


XCosH

TW
SapSOR

PS

                     … (4.63) 

The flow velocity is calculated from the following equation: 

                            
)

180
*(*

)
180

*(*

*0 



XSinW

WXCosH

SORV
PS 

                      ...(4.64)  

The limit value of the retention time for settling chamber with 

lamella plate is not more than 15 min. The retention time can be 

calculated from the following equation: 

                 60*

180
* 0VXSin

H
RT PS

SC












                        ...(4.65) 

If the RTSC value is more than the limit then Eq.(4.66) is applicated 

and re-designed the lamella plate according to the new X value.  

If X value is more than the limit then Eq. (4.66) is applicated and 

re-designed the lamella plates according to the new F value where F is the 

ratio of lamella height to the depth settling chamber.  

                               F =  F - 6.65                                         ...(4.66)  

The required area becomes  

                           
ap

rq
S

UQPAC
A

.
                                         ...(4.67) 

The provided area is calculated from the following equation and 

then compared with the required area.  
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                                 SCSCpr LWA *                                           ...(4.68)   

If the required area is more than the provided area then Eq.(4.66) 

and eq (4.61) are applicated and re-designed the lamella plates according 

to the new values.  

Inlet length for settling chamber can be calculated from Eq. (4.69)  

                           SCISC LL *2.0                                           …(4.69) 

  Then, the total length of settling chamber is  

                                TLSC =LISC+LSC                                       …(4.76) 

Free board is added to the depth of settling chamber to calculate 

the total depth of  settling chamber:  

                               TDSC= DSC + 6.25                                    …(4.71) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4.4 Effluent Channel (Launder) and V-Notch Weirs as Outlet of   

The Settling Chamber  

         Fig. (1.8)  : Plan  of  setting  chamber  design  with lamella            

plate and effluent channel with  V– Notch  weir  

as outlet  to collection tank 
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Effluent channel is used to carry the water from the settling 

chamber to the collection tank. V-Notch weirs are found at the top of 

effluent channel, where these weirs are uniformed the water flow from 

the settling chamber (lamella plate) to the effluent channel as shown in       

Fig.(4.8). 

In the designed computer program, the following assumptions are 

used: 

 The number of effluent channel  :  NCH = 2      

 The length of effluent channel (m) :  LCH = LSC 

 The width of V-Notch weir (m)  :   WVW = 6.1  

The number of V-Notch weirs per one effluent channel is 

calculated from the following equation: 

                            )
*2

(
Wvw

LCH
INTNU vw                                  ...(4.72) 

The discharge of each V-Notch weir per one effluent channel is 

calculated from the following equation:  

                                
3600*

.

Wvw

NCHUQPAC
Qvw                             …(4.73) 

The head loss of V-Notch weir is calculated from the following 

equation:  

                              
5

2

5.2










Qvw
HLvw                                   …(4.74) 

The limit value of weir loading is between (126-386)
dm

M

.

3

, and it is 

calculated from the following equation:  

                         
LCH

NCH

UQPAC

WL

)
*2

24*.
(

                               …(4.75) 
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If weir loading is more or less than the limit then the following 

equation is applicated and re-designed the V-Notch weir according to the 

new NCH value.  

                               NCH = NCH ±1                                   …(4.76)  

The width of effluent channel (m) is calculated from the following 

equation:  

                          Wsc
NCH

WCH *
2.0









                                ...(4.77) 

The critical depth of effluent channel (m) is calculated from the 

following equation: 

                      
3

2

2

*3600

.

gWCH

UQPAC
DCCH 








                   …(4.78) 

Then, the depth at the upper end (m) is calculated from the 

following equation: 

              




















DCHWCHg

LCH
LCH

UQPAC

DCCHDCH
**

*)
3600**2

.
(*2

2

22

2          …(4.79) 

If the depth at the upper end is less than the width of channel 

(DCH<WCH) then the following equation is applicated and re-calculated 

the depth at new WCH value. 

                                 WCH=WCH±6.61                               …(4.86)   

The head loss at critical depth (m/m) is calculated from the 

following equation: 

                             
3

2

3600

.

**2

*013.0

RACH

SL

UQPAC

                                 ...(4.81) 

 The head loss in effluent channel (m) is: 

                                    HLCH = LCH *SL                              …(4.82) 
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If the head loss of effluent channel is more than half the depth of 

channel (HLCH>
2

DCH
), then Eq.(4.86) is applicated and re-designed the 

effluent channel at new WCH value.  

The total depth of the effluent channel is calculated from the 

following equation: 

                             TDCH=DCH+ HLCH + HLvw                     …(4.83)  

If the total depth of effluent channel is more than twice the width 

of channel (TDCH>2*WCH) Then Eq.(4.86) is applicated and re-

designed the effluent channel at new WCH value . 

 

 

1.4.4 Sludge Hopper of Clarifier  

Sludge hopper is extended along the rapid mixing chamber, 

flocculation basin, and the settling chamber as shown in Fig.(4.9), where 

the sludge is settling and collecting in hopper by gravity force.  

For one package unit, the following consideration are adopted:  

  The bottom slope of the chamber (rapid mix, flocculation,                         

and settling) according the width of package unit:  

              
1

.UWPAC
BCcf                 1<WPAC.U<2  

          
2

.UWPAC
BCcf                     WPAC.U>2 

 Depth of sludge hopper (m) : DCFS = 6.4 

The discharge of hopper(m
3
/h) is calculated from the following 

equation: 

                  QCFS=6.2*QPAC.U                                  …(4.84) 

The length of hopper(m) can be calculated from the following 

equation: 

                          LCFS=WRMC +LFT +TLSC                             …(4.85) 
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 The retention time for sludge thickening (min) in hopper is:  

                         RTCFS =RTRMC+RTFT+RTSC                          …(4.86) 

 

Then, the width of sludge hopper (m)is calculated from the 

following equation : 

                     
CFSCFS

CFSCFS
CFS

LD

RTQ
W

*

*
                                   ...(4.87) 

 

1.4.4 Sludge Pipes  

Sludge pipes are found at the bottom of the rapid mixing chamber, 

flocculation basin, and setting chamber where this pipe is connected with 

sludge hopper to carry the sludge from the hopper to the channel of 

sludge and overflow as shown in Fig.(4.9).  

In the designed computer program, one sludge pipe is assumed in 

each chamber then the number of pipe is (NUPCFS = 3). 

The discharge of each pipe is calculated from the following 

equation: 

                          
3600*CFS

CFS
CFS

NUP

Q
PQ                                  …(4.88) 

The Length of pipe(m) is calculated from the following equation: 

                    
3

.

2

. UDSPACWUWPAC
PL CFS

CFS 


                …(4.89) 

The sludge pipe is designed from the program of pipe design to 

find the diameter and the head loss is calculated according to the number 

of fitting: ET = 1, GV = 1, and OU = 1.  

 

 

 

 

 

WPAC.U 

DCFS 
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1.7 The Collection Basin  

 Collection basin is located between the setting chamber and the 

filter. It is used to collect the entering water of the setting chamber as 

shown in Fig.(4.16). In this basin, the overflow water of package unit is 

discharged via inner vertical pipe of the collection basin.  

   In the designed computer program, the following assumptions are used :  

 The number of collection basin per package unit : NUCT = 1  

 The width of basin (m) : UWPACWCT .   

 The retention time (min): 5.2CTRT   

The depth of collection basin is calculated from the following 

equation: 

           TDCHTan
WUWPAC

DDD CFS
CFSSCCT 


 )(

2

.
               

…(4.89) 

Thus, the length of collection basin is:  

                                  
CTCT

CT
CT

WD

RTUQPAC
L






.
                                 …(4.96) 

Free board is added to find the total depth of collection basin:  

                                     25.0 CTCT DTD                                 …(4.91) 

1.7.4 The Overflow Pipe in Collection Basin  

 Overflow pipe is located in the collection basin to discharge the 

overflow water of package unit from the collection basin to the channel of 

3 

Fig. (1.9) : Plan of sludge hopper and sludge pipe 
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overflow and sludge. In each package unit is found one overflow pipe as 

shown in Fig.(4.16).  

The discharge of this pipe (m
3
/s) is calculated from the following 

equation: 

                                     
3600

.UQPAC
PQOVCT                                        …(4.92) 

 Thus , the pipe length is calculated from the following equation:  

                                            
3

.UDSPAC
TDPL CTOVCT                             …(4.93) 

 The overflow pipe is designed from the program of pipe design to 

find the diameter according to the number of fitting: OU = 1, ET = 1,    

GV = 1, and E9  = 2.  

 

1.8 The Filter  

 After sedimentation process, some small suspend particles are not 

settled through the time period of setting chamber, to remove these 

particles, the settled water should be passed through a bed of granular    

media, the tank that contains this media is called "Filter". Many types of 

filters are found which are differed in the type of media, the type of flow 

water through media, and the hydraulic type. The rapid sand filter type is 

used in the designed computer program with dual media from sand and 

anthracite. This dual media is supported by gravel bed. Water is carried 

from the collection basin to the filter and filtrated through the media by 

the pressure head of water above this media. 
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 After passing the water through the media the water is penetrated 

through the small orifice that distribute on hollow block uniformed a long 

the length of filter, and carried to the clear and back wash water tank by 

the effluent pipe of filter as shown in Fig.(4.11).  

 

 

 

 

 

 

 

 

 

 

1.8.4 Design of Filter Media  

Fig. (1.44) :Plan of Filtration System design 

      Fig. (1.41)  : Plan of collection basin and overflow pipe 
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 The characteristic of the media is designed by computer program is 

presented in Table (4.2), and shown in Fig.(3.17):  

Table (1.4) : Characteristic of filter media 

Type of 

media 

No. of 

 Layers 

Depth of  

Layers 

(m) 

Size of 

Particles (mm)   

d4 d4 

Gravel 

1 

2 

3 

4 

6.65 

6.65 

6.675 

6.675 

2.8 

5.6 

11.6 

19.6 

5.6 

11.6 

19.6 

32.6 

 

6.45 

 

Sand 

1 

2 

3 

6.65 

6.15 

6.65 

6.84 

6.59 

6.42 

1.19 

6.84 

6.59 

 

6.5 

Anthracite  

1 

2 

3 

6.1 

6.2 

6.2 

1.45 

1.45 

1.19 

1.86 

1.19 

1.66 

6.45 

                   Where  is the  porosity of the media.  

 Calculations of the geometric mean for the sizes of each  anthracite 

(dMAL) and sand (dMSL) is made from the summation of multiplying the 

root of d1 and d2 .  

 Calculation (d66) of each sand and anthracite layer from the 

following equations after calculation the average particles size for each 

layer:  

                                         
SL

MSL

SM
NU

d
d


60

                                  …(4.96) 

                                  
AL

MAL

AM
NU

d
d


60

                                       …(4.97) 

 Where NUSL is the number of sand layers, and NUAL is the number 

of anthracite layers.  

 The depth of filter media (sand, anthracite, and gravel) is 

calculated from the following equation: 

                           FGMFAMFSMFM DDDD                               …(4.98)  
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1.8.4 Filter Dimensions   

 The depth of underdrain system (Leopold type) is equal to     

(DFUDS = 6.25m) and the total depth of water above the media is assumed 

equal to (DFW = 1.25m). Then the depth of filler basin is calculated from 

the following equation: 

                          FBDDDD FWFUDSFMF                                     …(4.99)  

 For rapid sand filter, minimum and maximum acceptable limits of 

filtration rate are (5-15) 
h

m
, respectively, then the following  assumptions 

are used:  

 The width of filter (m) : WFL = WPAC.U  

 The number of filter per package unit : NUFL = 1  

 The relation length to width of filter : RL/W = 2  

The length of filter (m) is calculated from the following equation: 

                                        FLWLFL WRL  /                                 …(4.166) 

 Then the filtration rate (m/h) is:  

                                                
FLFL WL

UQPAC
FR




.
                                         …(4.161) 

 If the filtration rate is more or less than the acceptable limit, then 

the following equation is applicated and re-calculation of filtration rate is 

conducted with new RL/W value :  

                                                     5.0//  WLWL RR                                      …(4.162) 

 

1.8.4 Underdrain System Design  

 Underdrain system that is used in the designed filter is Leopold 

type which contains blocks with standard dimensions extend along the 

length of filter to discharge the filtered water as shown in Fig.(4.12).  

 The dimensions of block is constant as follows:  
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 The depth of block (m) : 
2

FUDS

FUDSB

D
D    

 The width of block (m) : WFUDSB = 6.279  

 The length of block (m) : LFUDSB = 1  

For each square meter, the following items are considered:  

 The number of orifice at the top surface of block :         

NUFUDSOB = 194  

 The diameter of orifice at the top surface of block (m) :           

DMFUDSOB = 6.666 m  

 The number of  control orifice at the middle web :      

NUFUDSCOB = 21.5  

 The diameter of control orifice (m) : DMFUDSOB = 6.615 m  

 

The water discharge between the channels is controlled by the 

control orifices. The discharge of each orifice and control orifice (m
3
/s) is 

calculated from the following equation:  

                                   
3600


FO

FO
NU

FR
Q                                  …(4.163) 

Thus the area (m
2
) is:  

                                
4

2

FO
FO

DM
A





                                          …(4.164) 

 

 

 

 

 

 

 

                     Fig. (1.44) : Underdrain system of filter 
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1.8.1 The Head Loss at Filter Run  

 The head loss of each sand anthracite, and gravel layer can be 

calculated from the following equation:  

 

                        


 FM

FM

FM D
d

FR
g

HL
2

2

3

2 1
)

6
(

)1(
5




          …(4.165) 

 

 Thus, the head loss due to the orifice and control orifice for 

underdrain system is calculated from the following equation:  

                           
g

A

Q

HL FO

FO

FUDSO





2

)
6.0

( 2

                                      …(4.166)  

 Then, the total loss due to filtration is: 

 FUDSOFGMFAMFSMFL HLHLHLHLHL                     …(4.167)  

Where HLFSM, HLFAM, and HLFGM are the head loss (m) for sand, 

anthracite, and gravel, respectively.  

 

1.8.5 Design of Filter Backwashing System  

 During the operation of filter with a period time not more than 48 

hr (according to the turbidity of water), the suspension particles which is 

not settled in the settling chamber is suspended in the filter media, the 

volume of particles removed equals the reduction in pore volume of the 

media where the filtration rate is reduced and the head loss during the 

filtration process is increased by increase of the water depth above the 

filter media.  A filter cell must be cleaned by back washing process. This 

process involves pumping water upward through the filter media by using 

pump called backwashing pump.  

 Backwashing velocity must be limited to suit with the 

characteristic of water, the specific gravity ,and size particles of sand and 

anthracite beds.  
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 The minimum fluidization velocity for sand grains is calculated the 

following equation:  

                      
88.0

94.0
82.1

60

))((



 
 SM

SMMf

SG
dV                        …(4.168) 

Where SGSM is Specific gravity for sand which is equal to 2.65  

 The Reynold number due to the minimum fluidization velocity is 

calculated from the following equation:  

                               


 SMmf

m

dV 60
Re


                                 …(4.169) 

If the Reynold number (Rem) is more than 16 then it must be 

corrected by the correction factor is calculated from the following 

equation and then multiply with the minimum fluidization velocity:  

                                     
272.0

Re 775.1K  eR                                  …(1.116)                  

                                          mfmf VKV  Re                                       …(1.111)   

 The Reynold number of fluidized sand grains due to non-hindered 

setting velocity of particles is calculated from:  

 

                                              Re45.8Re o                                              …(4.112) 

                                           1.0Re45.4 n                                       …(4.113) 

                                                  
n

mfV
K


                                            …(4.114) 

 The acceptable limits for backwash rate of sand grains are      

(6.25-4.7) 
min

m
. The backwash rate relative to d66sm is calculated from 

Table (4.3):  

                  Table (1.4) : The average backwash rate relative 

                      to the effective size of the sand bed. 

d41SM (mm) BWR (gpm) 

> 6.55 6.3 + (d66SM – 6.55) * 27.6 

6.65 To 6.78 9.6 + (d66SM – 6.65) * 27.7 
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6.78 To 6.92 12.6 + (d66SM – 6.78) * 27.1 

6.92 To 1.69 16.4 + (d66SM – 6.92) * 27.6 

1.69 To 1.36 21.6 + (d66SM – 1.69) * 28.6 

1.36 To 1.54 27.6 + (d66SM – 1.36) * 25.6 

1.54 To 1.84 33.6 (d66SM – 1.54) * 26.7 

  

The average backwash rate is corrected according to the effect of 

temperature by using correction factor of temperature from Table (4.4). 

The average backwash rates (m
2
/m/s) is calculated from the following 

equation:  

                                            
3.1585

FACT
BWRBWR                                            …(4.115) 

The expected void ratio during the backwash process is calculated 

from the following equation:  

                                                n
BW

K

BWR
1

)
60

(


                                  …(4.116) 

         Table (1.1) : Temperature correction factors 

TMAX (C
o
)  TFAC  

> = 36 1.69 

25 To 29 1.66 

26 To 24 6.91 

15 To 19 6.83 

16 To 14 6.75 

5 To 16 6.68 

< 5 6.5 

  

The expansion of sand and anthracite bed can be calculated from 

the following equations:  

                                  
BW

SM
FSMeSM DL










1

1
                             …(4.117a) 

                                              
BW

AM
FAMeAM DL










1

1
                     …(4.117b)  
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 The expansion ratio for sand and anthracite bed is calculated from 

the following equations:  

                                                100)( 



FSM

FSMesm
BWSM

D

DL
R                       …(4.118)                                               

 100)( 



FAM

FAMeAM
BWAM

D

DL
R                      …(4.119) 

 Then total expansion ratio for the media is calculated from the 

following equation:   

                      100)
)()(

( 





FSMFSM

FAMFSMeSMeAM
BW

DD

DDLL
R             …(4.126)  

1.8.4 The Head Loss During Backwashing Process 

 The head loss due to backwashing process is calculated for each 

layer of filter media, The head loss through the sand layer (m) is 

calculated from the following equation:  

                                      )1()1(  SMFSMBWSM SGDHL                 …(4.121)  

Where SGSM is the specific gravity of sand layer and is equal to 

2.65.  

The head loss through the anthracite layer (m) is calculated from 

the following equation:   

                        )1()1(  AMFAMBWAM SGDHL                …(4.122) 

Where SGAM is the specific gravity of anthracite layer and is    

equal to1.5. 

 The head loss of gravel support is calculated from the following 

equation:       

  





 FGMBWGM D
dg

BWR

d
BWR

g
HL )

1
)

1
(

)1(
75.1

1
)

1
(

)1(
150(

2

60

2

32

60

2

3

2









                                                                                                …(4.123) 

And the head loss through the orifices and control orifices of 

underdrain system is calculated from the following equation: 
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2

2

2

2
BWR

FR

HL
BWR

FR

HL
HL FUDSCOFUDSO

BWUDSO                

…(4.124)  

 In each meter width of filter basin there are 6.5 primary feeder 

channels two in each black, then the dimensions of this channel are:  

 The depth of one primary feeder channel (m) : DBPC = 6.1  

 The width of one primary feeder channel (m) : WBPC = 6.1  

 The length of primary feeder channel (m) : LBPC = LFL  

The cross sectional area of primary feeder channel (m
2
) is 

calculated from the following equation: 

                                 BPCBPCBPC DWA                                         …(4.125) 

Therefore the number of primary feeder channels for filter basin is:                          

2
FB

FL
BPC

W

W
NU                                     …(4.126) 

The discharge of each primary feeder channel (m
3
/s) is calculated 

from the following equation: 

                                   BWRLQ FLBPC                                         …(4.127) 

Thus the velocity of flow through primary feeder channel (m/s) is:  

                                          
BPC

BPC
BPC

A

Q
V                                               …(4.128) 

The slope of this channel (m/m) is calculated from the following 

equations: 

                                                 
2

3/2
)

013.0
(

R

V
S BPC

BPC


                              …(4.129) 

                                      
)(2 BPCBPC

BPC

DW

A
R


                              

…(4.136) 

 

The head loss due to the primary feeder channel (m) is calculated 

from the following equation: 
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                                      FLBPCBPC LSHL 
3

1
                                 

…(4.131) 

The head loss of primary feeder channel is checked with velocity 

head (m) that calculated from Eq. (4.132) and the difference between 

them is not more than 6.61m to produce the pressure balance in primary 

feeder channel:  

                                         
g

V
VH BPC

BPC



2

2

                                      …(4.132) 

The total static head from the bottom of underdrain system after 

added the assumed trough depth (6.3m) with (6.15m) as free board (m) is 

calculated from the following equation: 

eAMeSMFUDSFMBW LLDDTSH  15.03.0            …(4.133) 

The required pressure head above the primary feeder channels of 

underdrain system (m) is calculated from the following equation: 

   BWTSMBWSMBWUDSBWGMBWBW HLHLHLHLTSHHL      …(4.134) 

1.8.7 The Backwashing Water Trough   

During the backwashing of filter, the head of water above the 

media is raised to a level equals to the total static head and this level is 

the same level of the back wash water trough as shown in Fig (4.13). The 

trough extends along the width of filter and the spacing between the 

backwashing water troughs is calculated from the following equation: 

                           BWBWT TSHSP  2                                        …(4.135)  

 The number of backwashing water trough is calculated according 

to the trough spacing and as follows:  

                                       
BWT

FL
BWT

SP

L
NU                                             

…(4.136)  
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 The discharge of backwashing water for filter (m
3
/s) is calculated 

from the following equation: 

                                 BWRAQ FLBW                                     …(4.137) 

Therefore, the discharge of each trough (m
3
/s) is calculated from 

the following equation: 

                             
BWT

BW
BWT

NUT

Q
Q                                                …(4.138)  

 In the designed computer program, then the following  assumption 

is used:  

  

 The width of backwashing water trough (m) : WBWT = 6.2  

Backwashing water trough is designed from the program of lateral 

spillway channel design where discussed  in the next item after 

calculation of the length of the end of spillway water in the trough from 

the following equation: 

                    2 FLWRL                                             …(4.139)    

The height of backwashing water trough is equal to the total static 

head (TSHBW) .  

1.8.8 Backwashing Wastewater Pipe  

 Backwashing wastewater pipe is used to carry the 

backwashing wastewater from the backwashing water trough to the 

overflow and sludge channel as shown in Fig (4.13) where the pipe 

length (m) is calculated from the following equation: 

                             BWBWE TSH
UDSPAC

PL 
3

.
                                …(4.146) 

The number of pipe is equal to the number of backwashing water 

trough (NUPBW = NUTBWT), therefore the discharge of pipe can be 

calculated from the following equation: 

                        BWEBWBWE NUPQPQ /                                       …(4.141) 
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 This pipe is designed from the program of pipe design to find the 

diameter according to the number of fitting :ET = 1,OU=1, E9 = 1,and  

BV = 1   

 

 

 

 

 

 

 

 

 

 

 

1.8.9 Influent Weir of Filter  

 Influent weir of filter is rectangular weir and locates between the 

collection basin and the filter to uniform the influent water to filter along 

the filter width then the length of weir is :  

                                              FLIW WL                                       …(4.142) 

The discharge that passed above this weir (m
3
/s) is calculated from 

the following equation: 

                                   
3600

.UQPAC
QIW                                        …(4.143) 

 The head loss of weir (m) which is equal to the height of water 

above this weir is calculated from the following equation:  

                               3/2)
33.3

(
IW

IW
IW

L

Q
HL


                              …(4.144)  

 

1.8.41 Filter Effluent Pipe  

Backwashing waste 

water pipe 

Underdrain System 

Gravel Support 

Sand Layer 

Anthracite layer 

Backwashing water 

trough WFL=WPAC.U 
3

.UDSPAC
 

TSHBW 

Over flow and 

sludge channel 

TDFL 

         Fig. (1.44) :Plan of Backwashing wastewater pipe 
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 Filter effluent pipe is used to carry the filtered water from the filter 

to the clear and backwashing water storage tank and also is used to carry 

the backwashing water from the back wash pipe system to the filter 

underdrain system as shown in Fig.(4.11). The length of the pipe is equal 

to the distance between the package unit and the clear and backwashing 

water storage tanks (DSPST): 

                                 ULPDTFE DSPL                                            …(4.145) 

 Discharge of this pipe (m
3
/s) is equal to discharge of influent weir 

of filter (PQFE = QIW) .  

 Filter effluent pipe is designed from the program of pipe design to 

find the diameter according to number of fitting: ET = 1, OU = 1, GV = 2 

, and TR=1 .  

 

1.8.44 Backwashing Pipes System  

The backwashing pipes system include Pipes connected with the 

pump to carry the backwashing water from the clear and backwashing 

storage tank to filter as shown in Fig.(4.14). For each package unit, pipes 

include :  

1. Main suction pipe : it carries the backwashing water from the clear 

and backwashing water tank to the backwashing pump according 

to effect of this pump, the characteristics of this pipe are:  

 The number of pipe : NUPBWS = 1  

 The length of pipe (m) : PLBWS = 2  

 The discharge of pipe (m
3
/s) : PQBWS = QBW  

 The design of pipe from the program of pipe design to find the 

diameter and the head loss is calculated according to the 

number of fitting: ET = 1, TR = 1, and GV=1. 
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2. Minor suction and delivery pipe : Minor suction pipe locates 

between the main suction pipe and the backwashing pump, the 

characteristics of this pipe are: 

 The number of pipe in service : NUPBWMS = 1  

 The number of pipe out of service : NUOPBWMS = 1  

 The length of pipe (m) = PLBWS = 
2

1
DSP  

Where DSP is the distance between washing pump and is equal to 

1.5m . 

 The discharge of pipe (m
3
/s) : PQBWMS = QBW  

 The design of pipe from the program of pipe design to find the 

diameter and the head loss is calculated according to the 

number of fitting: E9= 1, GV = 1, and OU=1.  

In the designed computer program, the characteristics of minor 

delivery pipe are the same of characteristics of minor suction pipe.  

3. Main delivery pipe : it connects between the backwashing pump 

and the effluent pipe of filter to carry the backwashing water to the 

underdrain system of filter, the characteristics of this pipe are: 

 The number of pipe : NUPBWD = 1  

 The length of pipe (m) : PLBWD = DST – 1.25  

 The discharge of pipe (m
3
/s) : PQBWD = QBW  

 The design of pipe from the program of pipe design to find the 

diameter and the head loss is calculated according to the 

number of fitting: TR = 1, and GV = 1.  
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  Then the characteristic of back washing pump is:  

 The number of pump in service : NUPUMPBW = 1  

 The number of pump out of service : NUOPUMPBW = 1  

 The discharge of pump (m
3
/s) : QBWP = QBW  

The head loss of backwashing pump is equal to the total head loss 

of backwashing pipes (THBWP = PHLBW), thus the required power of 

backwashing pump (KW) is calculated from the following equation:   

8.0

60163.0 BWPBWP
BWP

THQ
P


                           …(4.146) 

 

1.8.44 Backwashing Procedure  

 In each package unit, filter is designed to work 24 hr in day, then 

the filter must be washed through (TFW = 24). The maximum 

backwashing water usage is )4(
2

3

m

m
, thus the backwashing time of filter is 

hr
BWR

TBW )
60

14
(  , where added one minute to close the valve, then the 

water consumption for filter during the backwashing (m
3
) is : 

                                                BWBWFCBW TQVO                              …(4.147) 

                                                100
.


UQPAC

VO
R FCBW

BW                           …(4.148) 

Where RBW is the percent ratio of backwashing water usage .  

 

Fig. ( 1.41) : Plan of backwashing pipes system        

                       for each package unit 
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Fig. (1.45) : Plan of lateral spillway channel . 

 

1.8.44 Lateral Spillway Channel  

Lateral spillway channel is designed as an open channel in which it 

receives the water along one or two side and then discharges the 

accumulation water at the upstream of this channel. For example on this 

type where used in the designed computer program is "backwashing 

water trough". By neglecting channel friction and assuming the shape of 

the water surface approximates a parabola as shown in Fig.(4.15), )(   is 

the change in water surface elevation between sections 1 and 2, Thus 

)(   (m) is :  

                                        12 yy                                     …(4.149) 

 

 

 

 

 

 

 

  

Discharge in each section (m
2
/s) is calculated from the following 

equation:  

                                      
RL

Q
Q BW

S                                               …(4.156) 

Where RL is the length of channel in which the water is spilled 

above it.  

The critical depth is calculated from the following equation:  

                                
2Wg

Q
Y BW

c


                                          …(4.151) 

The following  assumptions are adopt :  

 The depth of water in section 2 is equal to the critical value (m):       

Y2 = Yc  

Y4 Y4=Y4 
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 The distance between the upstream end of the channel and 

section 2 (m):  X2 = RL  

 The charge in gradient : DYPA = 6.6665  

 The distance between section 1and 2 (ft): X  1.1 

The value of )(   is calculated from the following equation:  

                        DYPAXSY  )(                              …(4.152) 

Where S is the slope of channel.  

 Then the depth of water in section 1 (m) is calculated from the 

following equation:  

                                          YYY  21                                      …(4.153) 

 The discharge (m
3
/s) and the velocity (m/s) for sections 1 and 2 can 

be calculated from the following equations, respectively: 

                                                      22 XQQ S                                      …(4.154)  

                                                   )( 21 XXQQ S                                 

…(4.155) 

                                                         
iYW

Qi
Vi


                                       

…(4.156) 

The hydraulic diameter for each section is calculated from the 

following equation :         

                            
WY

YW
Ri

i

i






2
                                  …(4.157) 

The average diameter and the average slope for two sections are 

calculated from the following equations, respectively : 

                                
i

Ri
Ravr


                                          …(4.158a) 

                            
33.1

2

21

2

*83.8

)*(*

avr

avr
R

VVn
S                                 …(4.158b) 
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The change in velocity (m/s) and in discharge (m
3
/s) between 

section 1 and section 2 can be calculated from the following equation, 

respectively: 

12 VVV                                     …(4.159) 

12 QQQ                                    …(4.166) 

  The drop in surface water depth between section 1 and 2 (m) is 

calculated from the following equation:  

 XSQ
Q

V
V

QQg

VVQ
Y avr 















1

2

21

211/

)(

)(
             …(4.161) 

By application the Eq.(4.162), )( /Y  value that calculated from Eq. 

(4.161) is compared with )(   value that calculated from Eq.(4.152) and 

as follows:  

/

/

Y

YY




< 6.1                                  …(4.162) 

 If the absolute value that calculated from Eq. (4.162) is more then 

6.1, then the channel is re-designed from Eq.(4.151) after changing the 

value of )(   to a value of )(   + 6.6665 .  

 The horizontal distance between the upstream of the channel and 

section 1 (m) is calculated from the following equation:  

 XXX  21                                            …(4.163)  

 The increasing value for the horizontal distance between section 1 

and 2 (m) is calculated from the following equation:  

 XXSXS                                            …(4.164)  

 Assume (X1 = X2) and (Y1 = Y2) to design the next sections at the 

same pre-design method.  

 If (X1 < X ) then the program is reached to the end of channel, the 

maximum expected depth of the channel is calculated from the following 

equation:  
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3

2
)

3
(2

2

1

22 SLSL
YYY CCU











                         …(4.165)  

 

1.9 High Lift Pumping Station   

 The high lift pumping station is the last stage in the designed 

package water treatment plant where locates on the clear and 

backwashing water storage thank. The high lift pump is responsible for 

suction the clear water from the clear and backwashing water storage tank 

and delivery it to the net-work distribution system for consumers. The 

high lift pumping station as shown in Fig.(4.16) includes:  

1. The clear and backwashing water storage tank.  

2. The suction pipes.  

3. The high lift pumps.  

4. The delivery pipes with hydraulic forces preventers. 

In the designed computer program, following assumptions are 

used: 

 The number of high lift pump in service : NUULP = NPAC.U   

 The number of high lift pump out of service : NUOUTULP = 1  

Then the total number of high lift pumps is :   

 ULPULPULP NUOUTNUNUT                             …(4.166) 

1.9.4 Clear and Backwashing Water Storage Tank  

The clear and backwashing water storage tank locates after the 

package unit (filter). The number of clear and backwashing storage tank 

 is equal to the number of package units (NUDT = NUPAC.U) where the 

water is accumulated according to the maximum daily water demand for 

each package unit (line production) in the package water treatment plant 

(m
3
/h):  

 BWDT QTUQPACQ  .                                      …(4.167)  
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 Retention time of water in this tank is limited as )5.0( hrRTDT   thus 

the volume (m
3
) is: 

 DTDTDT RTQVOL                                          …(4.168) 

 In the designed computer program , following  assumptions are 

used : 

 The depth of the tank (m) : DDT  =  4  

 The width of the tank (m) : WDT  =  WPAC.U  

Then the length of clear and backwashing water storage tank is 

calculated from the following equation:  

DTDT

DT
DT

DW

VOL
L


                                          …(4.169) 

Free board is added to the depth of tank:  

25.0 DTDT DTD                                         …(4.176) 

 

1.9.4 Minor Suction Pipes (4)   

Minor suction pipes (1) extended from the bottom clear and 

backwashing water tanks to the minor suction pipes (2) as shown in 

Fig.(4.16). The number of pipes is equal to the number of clear and 

backwash tanks (NUULPMSP1 = NUDT). The length of one pipe (m) is 

calculated from the following equation:  

 DSDTUPPLULPMS 1                                      …(4.171)  

 Where DSDTUP is the vertical distance between the clear and 

backwashing water tank and the high lift pump which is entered by the 

user 
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according to the available servicing area of a project, in all cases 

DSDTUP is not less than 1.5m. 

The discharge that passing through these pipes is equal to the 

discharge of package unit (m
3
/s):  

3600

.
1

UQPAC
PQULPMS                                   …(4.172) 

 These pipes are designed from the program of pipe design to find 

the diameter and the head loss of one pipe can be calculated according to 

the number of fitting: GV = 1, ET = 1, CV=1, E9 = 1, and OU = 1.  

 

1.9.4 Minor Suction Pipes (4)  

 The minor suction pipes (2) are located between the minor 

suction pipes (1) and carried the clear water from the minor suction pipes 

(1) to the main suction pipe as shown in Fig.(4.16). The number of these 

pipes is depended on the number of clear and backwashing water tank 

)1( 2  DTULPMSP NUNU . The length of one pipe is calculated from the 

following equation:  

 DTULPMS WUDSPACPL  .2                             …(4.173) 

The discharge of these pipes (m
3
/s) can be calculated from the 

following equation:  

Fig. (1.44) : Plan of high lift pumping station for design capacities(411-411)m
4 

/h    
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3600

.
)(2)(2

UQPAC
PQPQ iULPMSiULPMS                        …(4.174) 

 The minor suction pipes (2) are designed from the program of pipe 

design and the head loss is calculated according to the number of fitting::        

OU = 1, GV = 1, and TR = 1.  

 The head loss due to the change in diameters which is added to the 

head loss of pipes and can be calculated from the following equations: 

)(

)1(%

)(

iUL

iUL

i
PA

PA
PA


                                      …(4.175a) 

g

PV
PAPHLPHL

iUL

iiULiUL
2

2

)(%

)()1()(  
                 …(4.175b) 

 

1.9.1 Main Suction Pipe  

The main suction pipe is extended from the first minor suction pipe 

(1) to the first pump as shown in Fig.(4.16), In the designed computer 

program, it is assumed that the length of pipe is (PLULPS = 3m) and the 

discharge of this pipe (m
3
/s) is calculated from the following equation:  

3600

.. UNUPACUQPAC
PQULPS


                             …(4.176) 

 The main suction pipe is designed from the program of pipe design 

to find the diameter and the head loss is calculated according to the 

number of fitting: GV = 1, CV = 1, TR = 1, and OU = 1.  

The main suction pipe is connected with horizontal joint pipe 

which are differed in diameter and are equalized in their lengths (PLULPS 

= 3m). One of the joint pipes feed one high lift pump, then the number of 

these pipes is equal to the number of pumps (NUPULPS = NUULP). The 

discharge of main suction pipe differs from the discharge of first joint 

pipe because the first pump takes discharge equal to the discharge of 

second pump and thus for other joint pipes.  

The discharge passes through the pump (m
3
/s) can be calculated 

from the following equation:  
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ULP

ULPS
UL

NU

PQ
QPUMP                                 

…(4.177) 

Thus the discharge of joint pipes between pumps can be calculated 

from the following equation:  

ULiULSiULS QPUMPPQPQ   )1()(                            …(4.178) 

 

 

 The joint pipes are designed as a pipe of pump from the program of 

pipe design to find the diameter and then the head loss is calculated 

according to the number of fitting: GV = 1, TR = 1, and OU = 1.  

The head loss due to the change in diameter which is added to the 

head loss of the joint pipes and can be calculated from Eq.(4.175a), and 

Eq.(4.175b).  

 

1.9.5 Delivery Net Pipe   

 The delivery net pipe is extended from the high lift pumps to the 

main pipe of net-work distribution system as shown in Fig.(4.16).  

 The delivery net pipe is connected with the horizontal joint pipes 

which are differed in diameters according to the change of discharge that 

passing from the pumps and the design of these pipes is the same of 

design of suction joint pipes.  

The delivery net pipe length is (PLULPD = 3m) and the discharge 

(m
3
/s) is calculated from the following equation:  

ULPSULPD PQPQ                                       …(4.179) 

 The delivery net pipe is designed as a pipe of pump from the 

program of pipe design to find the diameter and the head loss is 

calculated according to the number of fitting: GV = 1, E9 = 1, T9T=1, 

BV = 1, and AA = 1 .  
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After calculation of the head loss for all pipes in high lift pumping 

station,  the total head loss is calculated from the following equation:  

  ULPSiULPDULPDULPUMP PHLPHLPHLTH )(
 

                   21)( ULPMSULPMSiULPS PHLPHLPHL                   …(4.186) 

The required power for each pump (m) is:  

 NTULPUMPULP HTHH                                   …(4.181)  

 With efficiency (86:), the required power for each pump (kw) and 

the total power can be calculated from Eq. (4.182) and Eq. (4.183), 

respectively:  

8.0

60163.0 ULPULP
ULP

HQ
P


                          …(4.182) 

ULPULPULP NUPTP                                  …(4.183) 

 

1.41 Sludge - Overflow Channel  

 For all package units, sludge - overflow channel is used to collect 

the sludge, overflow water, and wastewater of backwashing filter.  

In the designed package plant, this channel is classified to two 

types:  

1. Secondary sludge-overflow channel: it is used to carry the sludge, 

overflow water, and wastewater of backwashing filter from all 

package units to the main sludge-overflow channel as shown in 

Fig.(4.17).  

The number of this channel is equal to the number of package unit 

(NUSSOC = NUPAC.U) and the discharge is calculated from the 

following equation:  

                                             BWSSOC QUQPACQ  .                             …(4.184) 

The length of channel can be calculated from the following 

equation:  

                                  1.  ULPACLSSOC                                 …(4.185) 
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Secondary sludge-overflow channel is designed from the program 

of channel design to find its dimensions. The velocity of flow (VSSOC) is 

checked at the minimum discharge (QSSOC = QCFS) .If (VSSOC) value is less 

than 
s

m
6.0 , the slope of channel (m/m) is calculated from the following 

equation:  

2

3/2

013.06.0







 


SSOC

SSOC
R

S                               ...(4.186) 

Thus, the head loss of channel can be calculated from the following 

equation:  

                               SSOCSSOCSSOC LSHL                                 …(4.187) 

2. Main sludge-overflow channel: it is used to carry the sludge, overflow 

water, and wastewater of backwashing filter from the secondary 

channels to the sludge pit or to the river as shown in Fig. (4.17).  

The number of channel is equal (NUMSOC = 1), and the discharge 

is:                                 SSOCSSOCMSOC NUQQ                               …(4.188) 

The length of channel is calculated from the following equation:  

       

SPSSOCMSOC DSW
SP

UNUPACUDSPACUNUPACUWPACL 
2

1

3
)1.(...  

…(4.189) 

 The main sludge-overflow channel is designed from the program of 

channel design to find its dimensions. The velocity of flow is cheeked at 

the minimum discharge (QMSOC = QCFS). If (VMSOC) value is less than 

s

m
6.0 , the slope of channel (m/m) is calculated from the following 

equation:  

                     

2

3/2

013.06.0







 


MSOC

MSOC
R

S                            …(4.196) 

 Thus, The head loss of channel can be calculated from the 

following equation:  
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                         MSOCMSOCMSOC LSHL                               …(4.191) 

 

 

 

 

 

 

 

 

 

 

            

           

Fig.(1.47): Plan of sludge-overflow channel for design 

capacities(411-    

                   411)m
4 

/h 

1.44 Alum Solution Tank  

 Alum is dissolved in cylindrical perforated basket which is located 

at the top of alum solution tank. Alum solution is delivered to the rapid 

mixing chamber by using the pumps which connect with pipes system as 

shown in Fig.(4.18).  

For one package unit (rapid mixing chamber), the following 

assumptions are used: 

 The number of coagulation solution tank in service : NUCST = 1   

 The number of coagulation solution tank out of service:       

NUOCST = 1 

Thus, the total number of coagulation solution tank is calculated 

from the following equation:  

 CSTCSTCST NUONUNUT                              …(4.192) 
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In each 1m
3
 of water, l6g of alum is dissolved. If each 1666m

3
 of 

raw water need 16kg of alum solution as maximum limit, each 1m
3
 of 

alum solution is sufficient to feed 1666m
3
 of raw water. Thus, the 

discharge at alum solution tank (m
3
/h) is calculated from the following 

equation:  

1000

.UQPAC
QCST                                        …(4.193) 

The retention time for coagulant solution tank is assumed as 

(RTCST = 6.5hr)where alum is solid, thus the volume of alum solution 

tank (m
3
) is :  

CSTCSTCST RTQVOL                                   …(4.194) 

The depth of coagulation solution tank is assumed as                

(DCST = 6.8m),  then the area of tank is : 

 
CST

CST
CST

D

VOL
A                                         …(4.195) 

The coagulation solution tank used in the designed computer 

program is a cylindrical tank, therefore the diameter of this tank is 

calculated from the following equation:  

ADICST


4
                                         …(4.196) 

Coagulation solution tank contains mixer to accelerate the mixing 

process. This mixer is the same as the mixer used in rapid mixing 

chamber according to the type and design steps. The pipes system that 

connected with the alum solution tank include:  

1. Main influent pipe: it carries water from the effluent pipe of filter to 

the alum solution tank. The number of this pipe for each package unit is 

(NUPCSTI = 1) and its length (m) is calculated the following equation:  

1.075.0)
4

3.(215.0
2

.
 CST

CST
CSTCSTI DI

DI
ULPACDI

UWPAC
PL  

…(4.197) 
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WPAC.U 
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Thus, the discharge of pipe (m
3
/s) is : 

 3600/CSTCSTI QPQ                                            …(4.198)  

Fig.(1.48) :Plan of Alum Solution System  
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The main influent pipe is designed from the program of pipe design to 

find the diameter and the head loss is calculated according to the number 

of fitting: OU = 1, E9 = 2, TR = 1, and GT = 2.  

2 . Suction and delivery pipes with pumps to rise the alum solution from 

the tank to the rapid mix chamber which include:  

A. Suction pipe (1): it carries the alum solution from the  tank to the 

suction pipe (2). The number of pipe in service is (NUPCSTS(1) = 1) 

and the number of pipe out of service is (NUOPCSTS(1)  = 1) then the 

total number of pipe is:  

)1()1()1( CSTSCSTSCSTS NUOPNUPTNUP                    …(4.199)    

  The length of pipe (m) is calculated from the following equation:  

 5.0)1(  CSTCSTS DIPL                                  …(4.266)  

 The discharge of pipe (m
3
/s) can be calculated from the following 

equation:  

 CSTICSTS PQPQ )1(                               …(4.261)  

 This pipe is designed from the program of pipe design as a pipe of 

pump to find the diameter and the head loss is calculated according to the 

number of fitting: ET = 1,  E9 = 1, and GT = 1.  

B.  Suction pipe (2): it locates between the suction pipe (1) and the 

suction pipe (3). The number of pipe is (NUPCSTS(2) = 1) and the 

length to pipe (m) is assumed (PLCSTS(2) = 6.5) discharge of pipe 

(m
3
/s) is calculated from the following equation:  

)1()2( CSTSCSTS PQPQ                                  …(4.262) 

This pipe is designed as a pipe of pump from the program of pipe 

design to find the diameter and the head loss is calculated according to 

the number of fitting: TR = 1, and GT = 1.  

C.  Suction pipe (3): it connects directly with the pump after the suction 

pipe (2). The number of pipe in the service is (NUPCSTS(3) = 1) and 
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the number of pipe out of the service is (NUOPCSTS(3) = 1) then the 

total number is:  

            )3()3()3( CSTSCSTSCSTS NUOPNUPTNUP                 …(4.263) 

 The length of one pipe is calculated from the following equation:  

CSTCSTS DIPL )3(                                   …(4.264) 

 The discharge of pipe can be calculated from the following 

equation:  

)2()3( CSTCSTS PQPQ                                 …(4.265) 

 This pipe is designed as a pipe of pump from the program of pipe 

design to find the diameter and the head loss is calculated according to 

the number of fitting: GT = 1, and E9 = 1.  

D. Delivery pipe (1): it connects directly with a pump and it is the same 

as suction pipe (3) in the number, the length, and the discharge. This 

pipe is designed as a pipe of pump from the program of pipe design 

to find the diameter and the head loss is calculated according to the 

number of fitting: GT = 1, E9 = 1, and ET = 1.  

E. Delivery pipe (2): it locates after the delivery pipe (1) where the 

alum solution is raised to the rapid mixing chamber. The number of 

pipe is (NUPCSTD(2) = 1) and its length is calculated from the 

following equation:  

25.1)1.0(5.0)2(  CFSRMCCSTCSTD DDDPL             …(4.266) 

The discharge of pipe (m
3
/s) is calculated from the following 

equation:  

)1()2( CSTDCSTD PQPQ                             …(4.267) 

This pipe is designed as a pipe of pump from the program of pipe 

design to find the diameter and the head loss is calculated according to 

the number of fitting: OU = 1, TR = 1, GT = 1, and E9 = 3. The number 

of pump in the service is (NUPUMP = 1) and the number of pump out of 

the service is (NUOPUMP = 1) then the total number of pump is:  

NUOPMP  NUPUMP  TNUPUMP                       …(4.268) 
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After calculation of head loss for all suction and delivery pipes of 

pump, the total head loss is calculated from the following equation:  

)2()1()3()2()1( CSTDCSTDCSTSCSTSCSTSCSTPUMP PHLPHLPHLPHLPHLTH   

                                                                                 …(4.269) 

The  required power of pump (m) is:  

TDRMCTHH CSTPUMPCSTP                                      …(4.216) 

With the efficiency 86:, the required power and the total power 

can be calculated from Eq. (4.211) and Eq. (4.212), respectively:  

8.0

60163.0 CSTPCSTP
CSTP

HQ
P


                         …(4.211) 

NUPUMPPTP CSTPCSTP                               …(4.212) 

1.44  Additional Chlorine Dosage  

 Packed chlorine gas in special containers is used to add through the 

main suction pipe of high lift pump as a chlorination process. The 

chlorine injection dosage through this pipe is assumed 6 ppm, then the 

additional chlorine dose (kg/hr) is:  

 
1000

3
 LLPQ

CDS                                        …(4.213)  

In the designed computer program, the following  assumptions are 

adopt :  

 The number of chlorine feeder in the service : NUC = 2  

 The number of chlorine feeder out of the service : NUOC = 1 

The total number of chlorine feeder in a pre-chlorination system is:   

NUOCNUCNUTC                            …(4.214) 

The size of chlorine feeder is calculated from the following 

equation:              

2

NUTC
QC                                        …(4.215) 
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CHAPTER FIVE 

RESULTS AND DISCUSSION 

 

1.5 Input Data 

The results of this chapter include two different cases of package 

water treatment plants design by using (05, and 155) m
3
/h as a capacities 

with the following design criterias:  

2. Maximum temperature occur in (C
o
) is equal to 50

o
 .  

1. Minimum temperature occur in (C
o
) is equal to 0

o
 .  

3. River water depth in (m) is equal to 7 .  

5. Minimum river water depth in (m) is equal to 0 .  

0. River width in (m) is equal to 15 .  

6. River bottom width in (m) is equal to 25 .  

7. Low lift pump station distance from the river shoulder in (m) is 

equal to 21 .  

8. Spacing between package unit in (m) is equal to 3 .  

9. Distance from the last package unit to the sludge pit in (m) is equal 

to 25 .  

25. Vertical distance between package units and low lift pump station 

in (m) is equal 2.0 .  

22. Spacing between package units and clear-back wash storage tank in 

(m) is equal to 7 .  

21. Vertical distance between clear-back wash storage tank and high 

lift pump station in (m) is equal to 2.0 .  

23. Elevation of project from river in (m) is equal to 3 .  

25. Elevation of project in (m) is equal to 255 .  

20. Net-work serve head in (m) is equal to 15 .  

26. Net-work elevation in (m) is equal to 90 .  
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1.5 Results and Discussion  

The results of the present study that shown in Tables below will 

not list all informations in details as the output data of designed computer 

program. The results give important informations to show the variation in 

units size with the variation of package plant capacity. To show all design 

informations in details, the designed computer program as presented in 

the appendix can be applied.  

 

1.5.5Desgin Results of Rapid Mixing Unit    

Table (1.5) lists the design data results of rapid mixing chamber 

according to the designed capacities as shown in column (1). Column (3) 

represents the passing discharge through the rapid mixing chamber in 

which the passing discharge equal to the discharge of one package unit. It 

is necessary to note that the number of rapid mixing chamber increases 

with increasing the designed capacities. The number of rapid mixing 

chamber is equal to the number of package unit as shown in column (5). 

Column (0) represents the retention time of the rapid mixing chamber 

where this time is remained constant for these cases and stayed in the 

acceptable limits (5.0-2.0) min. Columns (6,7,8, and 9) represent the 

dimensions of the rapid mixing chamber where they are differed 

according to the designed capacities. Columns (21,23) represent the 

dimensions of inlet of the package unit where these dimensions depend 

on the dimensions of rapid mixing chamber. Columns (25,20, and 27) 

represent the dimensions of inlet and outlet opening of rapid mixing 

chamber .    

Table (1.5) lists the design data results of rapid mixer where the 

rapid mixing chamber contains one mixer as shown in column (5). 

Columns (0,6, and 7) represent the propeller diameter, the height of 

propeller from bottom of rapid mixing chamber, and the shaft diameter 

respectively where these parameters depend on the dimensions of the 
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rapid mixing chamber. Columns (8) represents the number of blades of 

one mixer which is constant for all cases. Columns (9) represents the 

width of blades which depends on the diameter of propeller. Column (25) 

represents the required power of mixer which depends on the dimensions 

of propeller and the rotational speed of mixer as shown in column (22). 

Column (21) represents the velocity gradient of mixing where it is in 

acceptable limits (355-2555). 

 

1.5.5 Design Results of Flocculation Unit   

Table (1.5) lists the results of flocculation basin design. Column 

(3) represents the passing discharge of package unit through the 

flocculation basin. Column(5) represents the number of flocculation basin 

in package plant which is equal to the number of package unit. Column 

(0) represents the number of slow mixing chamber of flocculation tank in 

one package unit which depends on the designed capacities and the 

retention time of flocculation basin. Columns (6,7 ,and 8) represent the 

dimensions of one slow mixing chamber of flocculation basin which 

depend on the design capacities and the dimensions of one package unit. 

Column (9) represents retention time of one slow mixing chamber which 

is equalized for all slow mixing chambers in flocculation basin and  in 

acceptable limits (0-15) min. Columns (25,22,21, and 23) represent the 

dimensions of flocculation tank per one package unit which depend on 

the design capacities and the dimensions of slow mixing chamber. 

Column (25) represents the retention time of flocculation basin which 

equals to the summations of the retention times for all slow mixing 

chamber in flocculation basin per package unit and depends on the 

designed capacities and the retention time of slow mixing chambers. This 

time is in acceptable limits (0-15) min . 

Table (1.5) lists the design data results of the tapered slow mixer. 

Columns (5, and 0) represent the diameter of the first slow mixer which 

depend on the width of slow mixing chamber (width of package unit), 
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and the length of blades for this mixer respectively. Columns (6, and 7) 

represent the number of dual impeller blades and the number of blades for 

the first mixer which remain constant in these cases because the area of 

mixer is in the acceptable limit (15% of the slow mix chamber area). 

Column (8) represents the required power for the first mixer. Column 

(25) represents the velocity gradient of the first slow mixing where it is in 

the acceptable limits (15-70)s
-2

. Columns (22, and 21) represent the 

diameter of the second slow mixer and the length of blade for this mixer 

respectively. These values are same of the values of first slow mixing 

chamber (columns (5, and 0) ) because the two mixing chambers have the 

same dimensions. Columns (23, and 25) represent the number of dual 

impeller blade and the number of blades for the second slow mixer. These 

values are same of the values of the first slow mixer because the two 

mixing chambers have the same dimensions. Columns (20,26, and 27) 

represent the required power, revolution per minute, and the velocity 

gradient respectively. For the second slow mixer, these values are in the 

acceptable limits and they are smaller than the values of the first slow 

mixer columns (8,9, and 25) to increase the floc size . 

 

1.5.5 Design Results of Settling Unit   

Table (1.1) lists the results of settling chamber with lamella plates 

where the discharge and the number of this chamber are equal to the 

discharge and the number of package unit as shown in the columns (3, 

and 5). Columns (0, and 6) represent the apparent surface over flow rate 

(designed surface over flow rate for this chamber with lamella plates) 

where it is in the acceptable limits (15-65) m/h and the actual surface 

over flow rate for the particles where is in the acceptable limits (1-0) m/h 

respectively. Column (7) represents the retention time for this chamber 

with lamella plates where it is in acceptable limit (< 20 min) for two 

cases. Columns (8,9,25,22, and 21) represent the dimensions of settling 

chamber where the width and length (columns (8, and 9)) for this 
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chamber are equal to the width of package unit. Columns (23,25 and 20) 

represent the dimensions of lamella plates in this chamber. Column (26) 

represents the number at lamella plates of the settling chamber. Column 

(27) represents the spacing between the lamella plates where it is constant 

in these cases and in the acceptable limits (5.55 < SLAM < 5.2). Column 

(28) represent the angle of inclination for the lamella plates where it is 

constant in these cases and in the acceptable limits (> 55  ). Columns (29, 

and 15) represent the required and provided area for this chamber 

respectively. In these cases, the provided area larger than the required 

area.   

Table (1.5) lists the results data for the effluent channel (effluent 

launder) of setting chamber with V-notch weir. Column (3) represents the 

discharge that passed through this channel where is equal to the discharge 

of one package unit. Column (5) represents the number of effluent 

channel which depends on the loading weir of setting chamber. In these 

cases, the number of effluent channel is constant. Columns (0,6,7, and 8) 

represent the dimensions of the effluent channel. Column (9) represents 

the slope of the channel. Column (25) represents the number of weir per 

one channel where it is depended on the design capacities and the length 

of effluent channel. Column (22) represents the width of weir where it is 

constant for all cases. Column (21) represents the height of V-Notch 

weir. Column (23) represents the loading weir where it is in the 

acceptable limits 
daym

m

.

3
)380120(   for these cases.  

1.5.5 Design Results of Sludge Hopper   

Table (1.5) lists the results data of the sludge hopper. Column (5) 

represents the discharge of the sludge hopper where it is depended on the 

discharge of one package unit. Column (0) represents the number of the 

sludge hopper of one package unit where it is constant for all cases. 

Column (6) represents the width of the sludge hopper where it is 

depended on the discharge of one package unit (column (3)). Column (7) 
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represents the depth of the sludge hopper where it is constant for all 

cases. Column (8) represents the length of hopper where it changes 

according to the dimensions of rapid mixing chamber, flocculation basin, 

and the settling chamber of one package unit. 

 

1.5.1 Design Results of Sludge Pipes  

Table (1.5) lists the design data results for the sludge pipes. 

Column (5) represent the number of the sludge pipes per one package 

unit where they distributed in the rapid mixing chamber flocculation 

basin, and the settling chamber. Column (0) represents the diameter of 

this pipe where it depends on the water discharge (column (6)), friction 

factor (column (7)), velocity through this pipe (column (8)), and the head 

loss of this pipe (column (9)). Column (25) represents the length of 

sludge pipe where it depends on the discharge of one package unit, the 

width of package unit, and the spacing available between the package 

units. Columns (22,21,…, and 29) represent the appurtenances of sludge 

pipe. 

 

1.5.5 Design Results of Collection Unit 

Table (1.5) lists the design data results for the collection basin. 

Column (5) represents the number of collection basin of package plant 

where it depends on the design capacities. Columns (0,6,7, and 8) 

represent the dimensions of collection basin where they depend on the 

discharge of one package unit. Column (9) represents the retention time 

of this basin and this time is assumed to be constant for all cases .   

Table (1.55) lists the design data results for vertical over flow 

pipe. Column (5) represents the number of pipe of collection basin. 

Column (0) represents the diameter of this pipe where it depends on the 

discharge that passed through this pipe (column (6)), the friction factor of 

this pipe (column (7)), the velocity through this pipe (column (8)) and the 



Chapter Five                                                                            Results and Discussion 

218

head loss of this pipe (column (9)). Column (25) represents the length of 

this pipe where it depends on the depth of collection basin and the 

spacing between package unit. Columns (22, 21,…, and 29) represent the 

appurtenances of this pipe .   

 

1.5.5 Design Results of filtration Unit 

Table (1.55) lists the design data results of filter basin. Column (5) 

represents the number of filter basin of package plant where it depends on 

the design capacities. Column (0) represents the filtration rate of filter 

where it is in acceptable limit of rapid sand fitter h
m

m
/)157(

2

 . Columns 

(6,7, and 8) represent the width of filter where it is equal to the width of 

the package unit, the length of filter, and the total depth of filter 

respectively .    

Table (1.55) lists the design data results for the dimensions of 

underdrain system. Columns (0,6, and 7 ) represent the length, the width, 

and the block depth of underdrain system (Leopold type). These are 

constant in all cases. Columns (8 and 9) represent the number of orifices 

and the diameter of orifices of the block of Leopold type respectively. In 

all cases, these dimensions are constant. Columns (25, and 22) represent 

the number and the diameter of control orifice of the block of Leopold 

type respectively .These are constant in all cases. Columns (21, and 23) 

represent the discharge of orifice and control orifice of the block of 

Leopold type during the filtration process.   

Table (1.55) lists design data results of the head loss that occurs 

with filter run. Columns (0,6, and 7) represent the head loss of the sand 

media, the anthracite media, and the gravel media respectively. The 

columns (8, and 9) represent the head loss of orifices and the control 

orifices of the underdrain system. Column (25) represents the total head 

loss where it represents the height of water above the filter media.   
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Table (1.55) lists the design data results of values of backwashing 

rate as shown in column (8). The backwashing rate is same in all cases 

because the filter media used is same in all cases. In all cases, the 

backwashing rate value increases while the temperature (column (5)) 

increases, therefore the expansion ratio also increases. In the design 

equations, the relationships between the kinematics viscosity and the 

fluidized velocity (column (0) where it is depended to calculate the 

backwashing rate) is contrary then the relationship between the viscosity 

and the temperature is contrary too and the fluidized velocity increases 

when the temperature increases, therefore the backwashing rate increases. 

Columns (6, and 7) represent the Reynold numbers. Column (9) 

represents the value of void ratio during the backwashing process ,it is the 

nearest to a value of (5.7) where the water is used for backwashing 

process only (used in the present study). Columns (25,22,21, and 23) 

represent the expansion depth and the expansion ratio that occur through 

the sand and anthracite medias respectively. Columns (25, and 20) 

represent the total expansion depth and the total expansion ratio for the 

dual media during the backwashing process respectively. The total 

expansion ratio is in acceptable limits (25-15)% to produce good 

backwashing where the water is used only.    

Table (1.51) lists the design data results for the head losses which 

occur with filter backwashing run. Column (3) represents the maximum 

and minimum temperatures that should be taken as a base for comparison 

purpose between the design data results because the backwashing rate 

(column 0) is constant for all cases. Columns (6,7, and 8) represent the 

head losses of sand layer, anthracite layer, and the gravel support during 

the backwashing process respectively. The sand and anthracite medias are 

not effected with the variation of temperature because the parameters of 

the design equations are not depended on the temperature while the head 

loss during the gravel support is effected by the variation of temperature 

because the changing that occur in the value of kinematics viscosity. 
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Column (9) represents the total head losses during the orifices and control 

orifices of the underdrain system .The head loss of underdrain system 

effects by the variation of temperature because this value depends on the 

value of the backwashing rate. Columns (25,22, and 21) represent the 

discharge, the head loss, and the slope of the primary feeder channel for 

backwashing water. These values effect with the different of backwashing  

rate. Column (23) represents the pressure balance value between primary 

feeder channel and the control orifices. These values are in acceptable 

limit (<5.52) to produce the required balancing. Column (25) represents 

total static head of water above the bottom of filter basin where it 

represents the height of wash water trough. Column (20) represents the 

total pressure head that occur with filter backwashing run where it is in 

acceptable limit (> 3m) to produce good backwashing of filter media.   

Table (1.55) lists the design data results for wash water trough. 

Column (0) represents the spacing between troughs. Column (6) 

represents the number of trough per one filter. In the first case, there is 

one trough in filter because the spacing between the troughs is larger than 

the length of filter. Column (7) represents the discharge of one trough 

where it depends on the discharge of backwashing water. Columns (8,9, 

and 25) represent the width, depth, and the slope of the trough 

respectively .   

Table (1.55) lists the design data results for backwashing  pipes 

system. Pipes system (2) represents the main suction pipe where it 

connects with the storage tank. Pipes system (1) represents the secondary 

suction-delivery pipes. Pipes system (3) represents the main delivery pipe 

where it connects with the effluent pipe of filter. Column (5) represents 

the number of pipes in each pipes systems. Column (0) represents the 

diameter of pipe where it depends on the discharge that passed through 

this pipe (column (6)), the friction factor (column (7)), the velocity 

through this pipe (column (8)), and the  head losses (column (9)) for each 
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pipes system. Column (25) represents the length of pipe where it depends 

on the available spacing between package units and the storage tanks     

Table (1.55) lists the design data results for backwashing pump. 

Column (5 and 0) represent the number of backwashing pumps are in 

service, and the pumps are out of service respectively. Column (6) 

represents the discharge of each pump where it depends on the discharge 

of backwashing water. Column (7) represents the total required pressure 

head where it equals to the total head losses of backwashing pipes 

system. Column (8) represents the required power of each pump  

Table (1.55) lists the design data results for backwashing waste 

waster pipe where it connects with the backwashing trough. Column (5) 

represents the number of pipe where it depends on the number of 

backwashing trough per one filter of package unit. Column (0) represents 

the diameter of pipe where it depends on the discharge of pipe (column 

(6)), the friction factor (column (7)), the velocity of flow through this 

pipe (column (8)), and the head losses of pipe (column (9)). Column (25) 

represents the length of pipe where it depends on the total static head that 

occurs above the bottom of filter basin and the spacing between the 

package units.   

Table (1.55) lists the design data results of backwash procedure. 

Column (5) represents the discharge of backwashing water for each filter. 

Column (0) represents the period of backwashing for each filter. Column 

(6) represents the time of washing for the filter. 

 

1.5.5 Design Results of Package Units 

Table (1.55) lists the design data results of the package units. 

Column (5) represents the number of package units in plant where it is 

depended on the designed capacities. Column (0) represents the width of 

package unit. Column (6) represents the length of package unit where it is 

equal to the summation of the width of rapid mixing chamber, the length 
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of flocculation basin, the length settling chamber, the length of collection 

basin, and the length of filter. 

1.5.5 Design Results of Low Lift Pumping Station    

Table (1.55) lists the suction and delivery pipes for low lift pump. 

Columns (22, and 21) represent the diameter of connection pipes between 

the pumps where it depends on the discharge that passed through these 

pipes. Columns (8, and 9) represent the velocity of flow of the pipe and 

the head losses of the pipe where these values are large because these 

pipes are considered the pipes of pump. Column (25) represents the 

length of pipe where it depends on the available servicing area for low lift 

pump station.  

Table (1.55) lists the design data results of low lift pump. 

Columns (5, and 0) represent the number of pumps are in service and the 

pumps are out of service respectively where they depend on the design 

capacities of the package plant (column (1)). Column (6) represents the 

discharge of pump. Column (7) represents the total pressure head where it 

equals to the head loss of suction-delivery pipes. Column (8) represents 

the required power for each pump where it increases by increasing the 

required pressure and the discharge that passed through the pump.   

 

1.5.55 Design Results of Coagulation Solution Unit 

Table (1.55) lists the design data results of coagulation solution tank. 

Column (5) represents the discharge of coagulation solution tank per one 

package unit where it depends on the design capacities (column (1)) and 

the discharge of one package unit (column (3)). Columns (0, and 6) 

represent the number of the tank are in service, and the tank are out of 

service per one package unit respectively. Columns (7, and 8) represent 

the dimensions of the tank. Column (9) represents the retention time of 

the tank and it was assumed constant for all cases. Column (25) 

represents the diameter of influent pipe of the tank and suction-delivery 
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pipes that concocted with the coagulation solution pumps ( more details 

can be noted by applying the designed computer program). 

1.5.55 Design Results of Clear-Backwash Storage Unit 

Table (1.51) lists the design data results of clear-backwash storage 

tank. Column (5) represents the discharge of the storage tank where it 

depends on the discharge of one package unit and the discharge of 

backwashing water. Column (0) represents the number of the tank where 

it equals to the number of package unit. Column (6,7,8, and 9) represent 

the dimensions of the tank where they depend on the discharge of 

package unit. The depth of the tank is assumed constant for all cases 

(column (8)). Column (25) represents the retention time of the tack. It 

assumes constant for all cases .   

Table (1.55) lists the design data results of the influent pipe of 

clear-backwashing storage tank (effluent pipe of filter). Column (5) 

represents the number of pipe where it equals to the number of package 

unit. Column (0) represents the diameter of pipe where it depends on the 

discharge that passed through this pipe (column (6)), the friction factor 

(column (7)), the velocity through it (column (8)), and the head loss of 

this pipe (column (9)). Column (25) represents the length of pipe where it 

depends on the spacing distance between the package unit and storage 

tank.  

1.5.55 Design Results of High Lift Pumping Station  

Table (1.55) lists the design data results for suction and delivery 

pipes of high lift pumping station. The diameter of main suction pipe 

(MC) equals to the diameter of main delivery pipe (MD) in all cases 

where the characteristics of the  these  pipes are equalized such as: 

friction factor (column (7)), and the velocity through these pipes (column 

(8)) because the same discharge passes through these pipes (column (6)) 

and the same pipe length (column (25)). The head loss of the suction pipe 
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is more than the head loss of delivery pipe (column (29)) because the 

minor losses of the suction pipe is more than the delivery pipe (columns 

(23,25, and 28)). SS2 represents the suction pipe system (2) where it 

connects with the storage tank and it carries the water to the SS1. SS1 

represents the suction pipe system (1) where it carries the clear water 

from SS2 to MS. The number of these pipes  depends on the design 

capacities and the number of package units. In the first case, this pipe not 

found (column (5)) because the number of package unit equals to one .    

Table (1.55) lists the design results of high lift pump. Columns (5, 

and 0) represent the number of pump are in service, and the pumps are 

out of service respectively where they depend on the design capacities 

(column (1)) and the number of package units. Column (6) represents the 

discharge of one pump. Column (7) represents the total required pressure 

head for one pump. Column (8) represents the required power of pump.   

  

1.5.55 Design Results of Sludge-Overflow Channels 

Table (1.55) lists the design data results of the main and secondary 

sludge-over flow channels. Column (0) represents the discharge of the 

main and secondary channels where it is depended on the designed 

capacities (column (1)). Column (6) represents the number of channels 

per plant where it depends on the designed capacities and the number of 

package units. Column (7,8,9,25, and 22) represent the dimensions of the 

channels. Column (21) represents the slope of channels.  

 

1.5.55 Design Results of Chlorine Dosages 

Table (1.55) lists the design data results for pre and post chlorine 

dosages. Column (5) represents the discharge that passed through the 

main suction pipe of high lift pumping station where the chlorine feeder 

is connected with this pumping station. Column (0) represents the 
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chlorine dosage where it adds to the main suction pipe of high lift 

pumping station.  
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Conclusions  

 The following conclusions are obtained:  

7. The program is easy in the selection of the number of basins, the 

number of pipes, and solving all the problems that may be obtained 

with running of the program such as closed loops, frequency, and 

divergence of the objective.  

2. The design factors that was used in the designed computer program      

(7, and 17) are a suitable method to determine the number of 

package units.   

3. The time required to run the computer program is very short (about 

77 min) and this will assist to test the different design capacities 

within the limits. 

4. The filtration rates are high (721771 - 721276) m/h and the 

backwashing rates are high too (71114 - 27114) m/h, therefore the 

production of the project will increase with high filtration rates due 

to the reduction in filtration time and then less cost. 

5. The discharge of orifices and control orifices for underdrain      

system(Leopold type) is not effected with variation of temperatures 

during the filtration process. 

6. The diameters of all pipes in the designed package water treatment 

plants are standard and are between (7-77)In where are applicated 

in practice. 
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6.2 Recommendations for Further Studies 

 The following recommendations may be taken in to consideration 

for further studies:  

7. Development of a design computer program to design primary 

settling basin with pipes system.  

2. For comparison purpose, it is necessary to make further study used 

tubes settler instead of lamella plates and study the settling 

efficiency according to these tubes.  

3. Using pressure filters instead of gravity filters and studying the 

effect of these fitters on the performance of package plant as well 

as can be using additional filters with activated carbon media to 

remove the organic materials that increased in the rivers of Iraq.  

4. Development a system to resist the hydraulic force that obtained in 

the high lift pumping station.  

5. Development a design computer program by using additional 

basins with caustic soda solution to correct the PH values of clear 

water. 

6. Development a design computer program by using another 

package units shapes such as concentric shapes and using visual 

basic instead of quick basic language  to draw the resultants in 

AutoCAD programs.  
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Table (5.5) : Design results of rapid mixing chamber 
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Table (5.2) : Design results of rapid mixer 
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Table (5.3) : Design results of flocculation basin 
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Table (5.4) : Design results of tapered slow mixing chamber 
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Table (5.5) : Design results of settling chamber with lamella plates 

   

Table (5.6) : Design results of effluent channel of settling chamber with V-Notch weir 
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                                                          Table (5.7) : Design results of sludge hopper 
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Table (5.8) : Design results of sludge pipes 

Appurtenances Pipe 
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Table (5.9) : Design results of collection basin 
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Table (5.51) : Design results of vertical over flow pipe 

Appurtenances Pipe 
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Table (5.55) : Design results of filter basin 

TDFL 

(m) 

(8) 

LFL 

(m) 

(7) 

WFL 

(m) 

(6) 

 

FRFL 

(m
2
/m/h) 

(5) 

NUFL 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

:5.=8 <5988 95<;. 9:5989 9 =8 =8 9 

:5.=8 05>88 95098 9:5:8> : 988 :88 : 

 

Table (5.52) : Design results of underdrain system (Leopold type) 

 

QCO 

×51
-4 

(m
3
/s) 

(53) 

QO 

×51
-5 

(m
3
/s) 

(52) 

DMCO 

(m) 

(55) 

NUCO 

(51) 

DMO 

(m) 

(9) 

NUO 

(8) 

DB 

(m) 

(7) 

WB 

(m) 

(6) 

LB 

(m) 

(5) 

T 

(C
◦
) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

95=>< 95.;; 8589= :95= 8588> 99< 859:= 85:.9 958 <= =8 =8 9 

95=>< 95.;; 8589= :95= 8588> 99< 859:= 85:.9 958 = =8 =8 : 

            9
;

0
 



 C
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95=.. 95.<0 8589= :95= 8588> 99< 859:= 85:.9 958 <= 988 :88 ; 

95=.. 95.<0 8589= :9.= 8588> 99< 859:= 85:.9 958 = 988 :88 < 

Table (5.53) : Design results of Head loss occur with filter run 

THL 

(m) 

(51) 

HLCO 

(m) 

(9) 

HLO 

×51
-2 

(m) 

(8) 

HLGM 

×51
-2 

(m) 

(7) 

HLTSM 

(m) 

(6) 

HLSM 

(m) 

(5) 

FRFL 

(m
2
/m/h) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

95:.; 85999 =.;88 958=9 85=09 85=9. 9:5989 =8 =8 9 

95:0< 8599; =5<89 958=9 85=0> 85=:9 9:5:8> 988 :88 : 

 

Table (5.54) : Design results of filter backwashing system  

R% 

(55) 

IE 

(m) 

(54) 

RTS% 

(53) 

IETS 

(m) 

(52) 

RS% 

(55) 

IES 

(m) 

(51) 

α 

(9) 

BWR 

(m
2
/m/min) 

(8) 

ReOBT 

(7) 

ReMIN 

(6) 

BWV 

(m/min) 

(5) 

T 

(C
◦
) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

9.5909 8500< :95>>8 85>80 985>8. 85:.> 8.><0 85<.9 9:5998 98599> 85<;; <= =8 =8 9 

985... 850;9 9<5:;9 85=.9 ;50=< 85:=9 8.>90 85:99 905::= :59=. 85::9 = =8 =8 : 

9.5909 8500< :95>>8 85>80 985>8. 85:.> 8.><0 85<.9 9:5998 98599> 85<;; <= 988 :88 ; 

985... 850;9 9<5:;9 85=.9 ;50=< 85:=9 8.>90 85:99 905::= :59=. 85::9 = 988 :88 < 

 

                              Table (5.55) : Design results of Total head loss occur with filter backwashing run 

TH 

(m) 

(55) 

TSH 

(m) 

(54) 

Pb 

×51
-

3
 

(53) 

 

SPC 

×51
-3

 

(m/m) 

(52) 

HLPC 

×51
-3 

(m) 

(55) 

QPC 

×51
-2 

(m
3
/h) 

(51) 

HLUDS 

(m) 

(9) 

HLGM 

×51
-2 

(m) 

(8) 

HLTSM 

(m) 

(7) 

HLSM 

(m) 

(6) 

BWR 

(m
2
/m/min) 

(5) 

T 

(C
◦
) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

;.008 :5=0= <5>=> 059=8 9;5;9: ;5999 859:0 95=8> 859;. 85:8> 85<.9 <= =8 =8 9 

;5:9< :5=;9 9509: ;59.: =5908 :5<<= 85;>9 8.8<. 859;. 85:8> 85:99 = =8 =8 : 

9
;

9
 



9
<

8
 

 

    :   
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;.008 :5=0= <5>=> 059=8 9;5;9: ;5999 859:0 95=8> 859;. 85:8> 85<.9 <= 988 :88 ; 

;5:9< :5=;9 9509: ;59.: =5908 :5<<= 85;>9 8.8<. 859;. 85:8> 85:99 = 988 :88 < 

Table (5.56) : Design results of wash water trough 

ST 

(m/m) 

(51) 

DT 

(cm) 

(9) 

WT 

(cm) 

(8) 

QT 

(m
3
/min) 

(7) 

NUT 

(6) 

SPT 

(m) 

(5) 

FRFL 

(m
2
/m/h) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

85889 995::9 90 95909 9 =58>: 9:5989 =8 =8 9 

85889 ::5<;9 :: 959>> : =58>: 9:5:8> 988 :88 : 

 

Table (5.57) : Design results of backwashing pipes system 

Appurtenances 

LP 

(m) 

(51) 

HLP 

(m) 

(9) 

VP 

(m/s) 

(8) 

F 

×51
-2

 

(7) 

 

QP 

×51
-2

 

(m
3
/s

) 

(6) 
 

DMP 

(in) 

(5) 

NUP 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 
Pipes 
system AA 

(58) 

GV 

(57) 

CV 

(56) 

E9 

(55) 

T9T 

(54) 

OU 

(53) 

BV 

(52) 

ET 

(55) 

8 9 9 8 8 9 9 9 : 850;0 95098 95.;= ;5;8: > 9 =8 =8 9 
9 

8 9 9 8 8 9 9 9 : 85<9. 95:9; 95;<9 >5==: 98 9 988 :88 : 

8 9 9 9 8 9 9 9 85.<; 958:. 95098 85.>< ;5;8: > < =8 =8 9  

8 9 9 9 8 9 9 9 859;8 85;0> 95:9; 95;<9 >5==: 98 < 988 :88 : 

8 9 9 8 8 9 9 9 :5.= 850=: 95098 95.;= ;5;8: > 9 =8 =8 9 
; 

8 9 9 8 8 9 9 9 :5.= .<:8> 95:9; 95;<9 >5==: 98 9 988 :88 : 

 

Table (5.58) : Design results of backwashing pump 
PPUMP 

(kw) 

(8) 

THPUMP 

(m) 

(7) 

QPUMP 

(m
3
/s) 

(6) 

NUOPUMP 

(5) 

NUPUMP 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 



 C
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9
<

8
 

 

9
<

9
 

 

<059>: .5::. 858;; 9 9 =8 =8 9 

>=5>;; <599> 858>= 9 9 988 :88 : 

  

Table (5.59) : Design results of Backwashing waste water pipe 

Appurtenances Pipe 

AA 

(59) 

GV 

(58) 

CV 

(57) 

E6 

(56) 

E9 

(55) 

T9

T 

(54) 

OU 

(53) 

BV 

(52) 

ET 

(55) 

LP 

(m) 

(51) 

HLP 

(m) 

(9) 

VP 

(m/s) 

(8) 

F 

×51
-2

 

(7) 

 

QP 

×51
-2

 

(m
3
/s

) 

(6) 
 

DMP 

(in) 

(5) 

NUP 

(4) 

QPACU 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

8 9 8 8 9 8 9 8 9 :5.:9 85<89 95098 95.;< ;5;8: > 9 =8 =8 9 

8 9 8 8 9 8 9 8 9 ;589. 85<8; 95.9> 95.;< ;5:.> > : 988 :88 : 

 

Table (5.21) : Backwashing procedure 

TW 

(min) 

(6) 

TBW 

(h) 

(5) 

QBW 

(m
3
/h) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

95;;> :< 905<9. =8 =8 9 

95;;> :< ;>5.8; 988 :88 : 

 

 

Table (5.25) : Design results of package units 

LPAC.U 

(m) 

(6) 

WPAC.U 

(m) 

(5) 

NUPAC.U 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 



 C
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9;5998 95<;. 9 =8 =8 9 

:85990 95098 : 988 :88 : 

 

Table (5.22) : Design results of suction and delivery pipes for low lift pump 

TH 

(m) 

(59) 

Appurtenances 

Connection 

pipe 

diameter 

Pipes 

GV 

(58) 

CV 

(57) 

E9 

(56) 

T9T 

(55) 

OU 

(54) 

ET 

(53) 

P2 

(in) 

(52) 

P5 

(in) 

(55) 

LP 

(m) 

(51) 

HLP 

(m) 

(9) 

VP 

(m/s) 

(8) 

F 

×51
-2

 

(7) 

 

QP 

×51
-3

 

(m
3
/s) 

(6) 
 

DMP 

(in) 

(5) 

NUP 

(4) 

Type 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

:5:9. : 9 9 8 : 9 - < ;85=: 95.;0 95.9; :59.= 9;.098 < 9 MS 

=8 9 
8.<8> : : 8 8 8 8 - < >599 8599: 95.9; :59.= 9;5098 < 9 MD 

8.=09 9 8 9 8 9 8 - - >5;8: 8.=09 95.9; :59.= 9;5098 < 9 DD9 

- - - - - - - - - - - - - - - 8 DD: 

950>; : 9 9 8 : 9 > > ;85=: 95890 95.9; 95<99 ==.=== 0 9 MS 

:88 : 
85>0> : : 8 8 8 8 > > >5=89 85;.= 95.9; 95<99 ==.=== 0 9 MD 

8..=> 9 8 9 8 9 8 - - >5>;< 8.;.0 95=:: 95.;> :....0 > : DD9 

8.;88 9 8 8 9 8 8 - - <50;= 8.;88 95=:: 95.;> :.5..0 > 9 DD: 

 

Table (5.23) : Design results of Low lift pump 

PPUMP 

(kw) 

(8) 

HPUMP 

(m) 

(7) 

QPUMP 
×51

-3
 

(m
3
/s) 

(6) 

NUOPUMP 

(5) 

NUPUMP 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

9
<

:
        

 



 C
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:95::9 .5<99 9;5;09 9 9 =8 =8 9 

<958:= 05>>: :.5..0 9 : 988 :88 : 

 

 

Table (5.24) : Design results of coagulation solution tank 

DMP 

(in) 

(51) 

RTGT 

(h) 

(9) 

DIMGT 

(m) 

(8) 

DGT 
(m) 

(7) 

NUOGT 

(6) 

NUGT 

(5) 

QGT 

(m
3
/s) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

9 85=88 85;88 85088 9 9 858=8 =8 =8 9 

9 85=88 85<88 85088 9 9 85988 988 :88 : 

 

                                         Table (5.25) : Design results of Clear and backwashing storage tank 
RTCBW 

(h) 

(51) 

TDCBW 

(m) 

(9) 

DCBW 

(m) 

(8) 

LCBW 

(m) 

(7) 

WCBW 

(m) 

(6) 

NUCBW 

(5) 

 

QCBW 

(m
3
/h) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

85= <5:=8 < >5888 95<;. 9 =8 =8 =8 9 

85= <5:=8 < 95=88 95098 : 988 988 :88 : 

 

                            Table (5.26) : Design results of influent pipe of clear and back washing storage tank 

Appurtenances Pipe 

AA 

(58) 

GV 

(57) 

CV 

(56) 

E9 

(55) 

TR 

(54) 

OU 

(53) 

BV 

(52) 

ET 

(55) 

LP 

(m) 

(51) 

HLP 

(m) 

(9) 

VP 

(m/s) 

(8) 

F 

×51
-

2
 

(7) 

 

QP 

×51
-

2
 

m
3
/s 

(6) 
 

DMP 

(in) 

(5) 

NUP 

(4) 

QPAU 

(m
3
/h) 

(3) 

Qcap 

(m3
/h) 

(2) 

Case 

(5) 

8 : 8 9 9 9 8 9 . 8589. 85.>9 95.>9 
95;0

9 
> 9 =8 =8 9 

9
<

;
        

 



 C
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9 

8 : 8 9 9 9 8 9 . 85;0. 95=:; 95.;> 
:5..

0 
98 : 988 :88 

: 

 

 

 

 

 

Table (5.27) : Design results of suction and delivery pipes of high lift pump 

TH 

(m) 

(59) 

Appurtenances 

Connection 

pipe 

diameter 
Pipes 

GV 

(58) 

CV 

(57) 

E9 

(56) 

T9T 

(55) 

OU 

(54) 

ET 

(53) 

P2 

(in) 

(52) 

P5 

(in) 

(55) 

LP 

(m) 

(51) 

HLP 

(m) 

(9) 

VP 

m/s 

(8) 

F 

×51
-2

 

(7) 

 

QP 

×51
-3

 

(m
3
/s) 

(6) 
 

DMP 

(in) 

(5) 

NUP 

(4) 

Type 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

95;=. : 9 9 9 : 9 - < 
;588

8 
8509

: 

95.9

; 
:59.= 9;5098 < 9 MS 

=8 

 

958>0 : 8 9 : 9 8 - < 
;588

8 
85=:

< 

95.9

; 
:59.= 9;5098 < 9 MD 

859;. 9 9 9 8 9 9 - - 
95=8

8 
859;

. 

85.>

9 
:59.= 9;5098 < 9 SS9 

- - - - - - - - - - - - - - - 8 SS: 

95=;. ; 9 8 : ; 9 > > 
;588

8 
85.<

9 

95.9

; 
95<99 ==5=== 0 9 MS 

:88 : 

95:<. : : 8 8 8 8 > > 
;588

8 
85<=

9 

95.9

; 
95<99 ==5=== 0 9 MD 

85;<< 9 9 9 8 9 9 - - 
95=8

8 
859.

: 

95=:

: 
95.;> :.5..0 > : SS9 

85:.> 9 8 8 8 9 8 - - 
<509

8 

85:.

> 

95=:

: 
95.;> :.5..0 > 9 SS: 

:
8

<
 

9
<

<
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Table (5.28) : Design results of high lift pump 

PPUMP 

(kw) 

(8) 

HPUMP 

(m) 

(7) 

QPUMP 
×51

-3
 

(m
3
/s) 

(6) 

NUOPUMP 

(5) 

NUPUMP 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

>;50<9 ::5=>; 9;5;09 9 9 =8 =8 9 

9;;5098 :;5><; :.5..0 9 : 988 :88 : 

 

 

 

Table (5.29) : Design results of sludge and over flow channels (Trenches) 

SC 

(m/m) 

(52) 

 

TDC 

(m) 

(55) 

DC 

(m) 

(9) 

WC 

(m) 

(8) 

LC 

(m) 

(7) 

NUC 

(6) 

QC 

(m
3
/s) 

(5) 

 

Channel 

type 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

;5<88 8599= 859.8 859<8 9<5998 9 =:5>:= Secondary 
=8 =8 9 

<59.. 8599= 859.8 859<8 9:5=8. 9 =:.>:= Main 

:59>8 85:<= 85::8 85:88 :95990 : 98:5:<: Secondary 
988 :88 : 

95;;: 85;;= 85;98 85:98 9.5.:8 9 :8>58=: Main 

 

 

Table (5.31) : Design results of chlorine dosages 

        9
<

=
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Dose 

(kg/h) 

(5) 

QULPSP 
(m

3
/s) 

(4) 

QPAC.U 

(m
3
/h) 

(3) 

Qcap 

(m
3
/h) 

(2) 

Case 

(5) 

85;88 =8 =8 =8 9 

95:88 :88 988 :88 : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

98; 
98;5:8 

9885= 

C.BW.T 

Filter Coll.T S.C F.T R.M.C 

9
<

>
 

ELPP = 

988 

Direction of Flow 



 

 

 

 

Figure (5.5) : Plan of the hydraulic gradient for all  basins of package plant with capacity 
h

m3

75  
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