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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 ¢+ to Y+

m'/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 (¢, and Y+ +) m'/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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NUcr Number of collection basin.
NUcw  Number of clear-backwashing storage tank..
NU¢r Number of coagulation solution tank.
NUOgr Number of coagulation solution tank
out of service.
NUsye  Number of slow mixing chamber.
NUqc Number of settling chamber.
NUech  Number of effluent channels for settling chamber.
NUuorrer Number of hopper.
NUp Number of pipe.
NUg Number of filter.
NUo Number of orifices of under drain system.
NUgr Number of flocculation basin.
NUmixer Number of rapid mixer.
NU5gs» Number of blades for the first mixer.
NUgsx Number of blades for the second mixer.
NUlpary Number of dual impeller blades for

the first mixer.



NUlpary Number of dual impeller blades for
the second mixer.

NUco Number of control orifices of under
drain system.

NU; Number of trough for filter.

NUpyme Number of pump in service.

NUOpyme Number of pump out of service.

ou Outlet number of pipe.

P Required power of rapid mixer. F.L/T
Psvc Required power of the first slow mixer. F.L/T
Psmcy Required power of the second slow mixer. F.L/T
Pb Pressure balance between primary feeder

channels and control orifices.

PD Propeller diameter of rapid mixer. L
Peump Required power of pump. F.L/T
P, Diameter of the first connection pipe. L
Py Diameter of the second connection pipe. L
PHI Height of propeller from the bottom

of rapid mixing chamber. L

Qgrme Discharge of rapid mixing chamber. L/T



Qrr

Qsc

Qpacu

Qp

Qo

Qco

Qpc

Qr

Qpump

Qaw

Qcaw

Qer

Qc

Quipop

Quipsp

Remin

Reopr

Discharge of flocculation basin.

Discharge of settling chamber.

Discharge of package unit.

Discharge of pipe.

Discharge of orifices of under drain system.
Discharge of control orifices of under

drain system.

Discharge of primary feeder channel.
Discharge of trough for filter.

Discharge of pump.

Discharge of filter backwashing.

Discharge of clear-backwashing storage tank.
Discharge of coagulation solution tank.
Discharge of sludge-over flow channels.

Discharge of main devoir pipe for low lift pump.

Discharge of main suction pipe for up lift pump.

Total expansion ratio of dual media.
Minimum Reynold number.
Optimum Reynold number.

Expansion ratio of sand media.



Rys Expansion ratio of anthracite media.

RPM Revolution per minute of rapid and coagulation
solution mixers.

RPM syucy Revolution per minute of the first slow mixer.

RPM sucr Revolution per minute of the second slow mixer.

RTsmc Retention time of the slow mixing chamber. T
RTer Retention time of flocculation basin. T
RTsc Retention time of settling chamber. T
RTer Retention time of collection basin. L 7T
SD Shift diameter of rapid mixer. L
Siam Spacing between lamella plates. L
SORsr  Apparent surface over flow rate. L/T
SORsc  Actual surface over flow rate. L/T
Sec Slope of primary feeder channel. L/L
SP; Spacing between troughs. L
St Slope of trough for filter. L/L
SS, Suction pipe system ().

SSy Suction pipe system (Y).

T Temperature. c°

TDer Total depth of flocculation basin. L



TDsc

Tlsc

TDECH

TDcr

TDr,

THL

TH

TSH

TH,

TDCBW

TD.

TAT

Total depth of settling chamber.

Total length of settling chamber.
Total depth of effluent channel for
settling chamber.

Total depth of collection basin.

Total depth of filter.

Total head losses of filter.

Total pressure head losses at filter backwashing.

Total static head of filter.
Total required pressure head of pump.
Period of filter backwashing.

Time of filter washing.

Total depth of clear-backwashing storage tank.

Total depth of sludge-over flow channels.
Distributor 4+ number of pipe.

Velocity of pipe.

Width of the slow mixing chamber.
Width of opening inlet.

Width of opening outlet.

Width of blades for rapid and coagulation

L/T
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CHAPTER ONE

INTRODUCTION

\.\ 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.

V.Y The Type of Package Plants According to The Process

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

). Conventional package plants: as the name suggests, contain the
conventional steps of coagulation, flocculation, sedimentation, and
filtration.

Y. 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).

Y. 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.

V.Y 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 Iraqg .
Treatment processes includes:

Y. Chemical pretreatment unit: the chemical pretreatment is achieved by
using a rapid mixing unit with propeller mixer(include ¢ blades) where
the rational speed and the velocity gradient for this mixer range from
(Verto V1o +)rpm, (Yo 2=+ +) 57, respectively with short retention time
Y min (AL-Majid Co.,Y + * V).

Y. 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 (Y to ‘¢) rom, (Y *-
V) s, respectively with the retention time range from ()+-Y+) min
(Qasim etal.,Y«++).

Y. Sedimentation unit: this unit contains lamella plates technique with a
surface overflow rate from (Y *-1+) m/h and short startup time about °
min (VEOLIA water Inc., Y+ 1)

¢. Filtration unit: it is obtained by using a rapid sand filter with dual media,
the filtration rate range from (Y-Y°) m/h . The under drain system is
Leopold type where the water is used only during the backwash of the

filter (Nishihara Inc., Y« +)).



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.

\.¢ The Objectives of The Present Study

The main aims of the present study are:

). Construction of a computer program by using a quick basic language to
design different sizes of package water treatment plants in range of (°*-
Yo )m'/h.

Y. 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.

\.° 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 (°+-Y++)m "/h and the discussion

Finally, chapter six is intended for conclusions and recommendations for

further studies
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CHAPTER TWO
LITERATURE REVIEW

Y.\ 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:

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

Y. Lower capital costs because it is eliminate sedimentation tanks in
the treatment process.

Y. Longer filter runs because a high percentage of the suspended
matter is removed in the steeply inclined settling tubes or plates.

¢, Lower running costs.

©. High filtration whilst meeting quality requirements for water in

supply.

Y.Y 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.,)44+):
V. The intensity of agitation is called velocity gradient.
Y. 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, (197%) suggested to use velocity gradient (G)
and the retention time as listed in Table ( Y.) ) in the design of rapid mixing

chamber and they show that the typical retention time is between (Y+ -1+)s.

Table (Y.)) : Velocity gradient and Retention time for rapid mixing
chamber (Sank, Y4A+)

Velocity gradient (s™) Ve Ao R Yoo

Retention Time (s) > ¢ £ v. Y.

ESMIL Inc., (Y2YA) suggested that the rotational speed for the motor of
the rapid mixer is between (Y++-Yo++) rpm.

Sank, (13A+) 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, (Y 9AY) showed that the diameter of propeller for rapid mixer is
(Y+7 to ©+7) of the width of this chamber and the small baffles are used to
reduce short circuiting. Rotational speed for the blades ranging from ( 1+« to
YY) rpm with retention time and velocity gradient ranging from ( ¥+ — 1+)s,

(Y++ to Ve ) s respectively.



Peavy and Rowe, (Y3A1 ) mentioned that the best range of velocity

gradient for rapid mixing chamber is (V++—Y+++) s” with detention time Y min

Amirtharajah et al., (13%+) in their study about the design of the rapid
mixing chamber , mentioned that the typical velocity gradient range from Y+
to e+ s with the retention time (Y +-°+) s.

Infilco Degremont Inc., (Y * Y) 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 (Ye+-Yo ) rpm,

AL-Magid Co., (Y++Y) 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 Y+ ++ rpm for the package plant with capacity of Y- -
m'/h.

Y.Y 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 +.) toY.+ zm
(Qasimetal. ,Y+++).

Ives and Bhole, (1973) showed that the value of G*t range between (10
-10%) with the retention time ()+-¥+) 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  equalto 2.

Sank, (Y4A+) 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 (Y-)2) 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".

Quaye and lsaias, (I3A°) 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 Y +-Vos™,

Rowe and Peavy, () A1) in their study have shown that the total area of
blades should be not more than Y« 7of the cross sectional area for the chamber.

The speed of the end of blades relative to the speed of liquid equals to Y°% of

the actual speed of blades, this speed is not more than 1%. Minimum distance

between the end of blades and any structure is +.Ym to reduce the high velocity
gradient in small areas.

Smethurst, (13AA) showed that the total area of blades for mixer is (¥ %)
from the cross sectional area of chamber with dimension (+.Y®, and +.7) m. The
limit of the velocity for it is (+.)°-+.2) m/s with retention time () +-£+) min.

Goodrich et a'., (Y4%2) showed that the retention time of flocculation

tank in conventional package plant is between (Y+-Y+)min but in plate or tube-



type settler package plant then water enters the flocculation chamber, the gentle
mixing needs from Y +toY+ min depending on the flow.

Qasim et al., (Y+++) 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™. 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:

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

flocculation chamber is from +.¢° to “? Tapered shape, either in

width or depth is sometimes used to achieve constant velocity in the
flocculation basin influent-distribution channel.

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

. m .- m
the basin between +.V @ and~.i°ﬁ. Velocities greater than .'OW may

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

dead spots exist in the basin .

e The baffles are typically designed to have a velocity of .Y to ~.i°%.The
baffle-wall opening ratio is usually ¥ to % percent. Staggered slots
(typically +.Y-+.Yem high and +.¢-+."m long ) are also provided in the

bottom for cleaning.



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

flocculation and sedimentation basins, a velocity of +.)° ? 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.

Y.¢ Sedimentation

There are three limits in the design of sedimentation basin:

Y. Quantity of water that can be treated (Q) .
Y. Retention time (t, ).

Y. Surface Loading rate (v, ) .

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.(Y.)) is given by (Tebbutt, [13A)

Where

°~ (Sina + Lcosa)

K : Y.YY for circular tubes and V.- + for flat plates.

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

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

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

plates(m).

Collection Zone

Settling zone
Element length |

Distance between elements

— Effluent

()



Fig (Y.)) : High-rate settler (Tebbutt, [14A)

Surface loading rate in some references is called setting velocity in
(Smethurst,Y 4AA) and is called surface over flow rate ( SOR ) in (Steel and
McGee, Y4V ; Tchobanoglous and Schroeder,Y3A® ),

Hofkes et al., (I3AY) 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 Ygpm/ft ¥ of cross sectional area for tube setters and -.© gpm/
ft "for plate settlers, based on A+ percent of the projected horizontal plate area .

Quaye and lsaias, (Y 3A°) in their study about package water treatment
plant after the laboratory and pilot-scale optimization studies, a square ¢°
pyramidal up flow clarifier model was designed for a throughput of Y.¥1 m'/h,
but this was up rated to .Y m'/h by installing a steeply inclined settling plate or
tubes module in the clarification zone with short detention time (Y. min).

Huisman, () 9A%) in his study has shown that if use plate settlers in the
sedimentation chamber, the clear opening (w) not less than ¢cm and for upward

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



construction including land purchase is about Y+-Y+ % less than for horizontal
flow settling chamber .

Goodrich et al., (Y1%2) in their study have shown that retention time for
settling chamber in convention package plant is Yhr but in tube or plate-type
clarifier package plant is less than Y min with surface over flow rate less than
1.em'/day /m

Qasim et al.,(Y+++) 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:

V. 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 ¢¢ °° 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.(Y.Y).

\'\fy&/{ =y // i
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Fig.(Y.Y): Laminar-flow settlers (i) Flow regime in circular basin

(i1) Flow regime in rectangular basin (Qasim etal.,Y+++)

Y. 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 (°+-Y++) xm 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. (¥.Y).

Generally,A+ to ¢ 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.(Y.Y)

Sludge
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Fig.(Y.¥) : Actiflo micro - sand ballasted flocculation system
(Qasimetal., Y+++)

John Meunier Inc., (Y+++) 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 Y+« to %+ m/h down to the
thickening hopper and short retention time (not more than Y© min).

Nishihara Inc., (Y« + V) in its research has fixed the surface over flow rates
for the sedimentation chamber in conventional water treatment plant is ¥ m/h
while for package water treatment plant with lamella plate is (Y+- 1+) m/h. The
high settling rates reduce the foot print size to (/) *to‘/ ¥ +) of the conventional

water treatment plant as shown in Fig.(Y.¢).

Conventional
____________________________ setting( Ym/h)

*where ACTIFLO is package plant with lamella plate.
Fig.(¥.¢) : Plan of footprint size for package water treatment

plant with lamella plate(Nishihara Inc., ¥+ + V)



Infilco Degremont Inc., (Y+ +Y) showed that the over flow rate of lamella
settling chamber in the package unit ranging from () +-1+)m/h with the short
retention time of (Y +) min.

VEOLIA water Inc., (Y++1) in its paper about the package water
treatment have shown that the over flow rate in the settling chamber with
lamella plate is between (20-80) m/h where the footprint size for the package
unit is reduced.

Y.® Filtration

Sank, (Y YA +)in his text book state that the typical design for filter depend
on:

V. Depth and particle size for filter media.
Y. Filtration rate.

Y. Driving force for water.

¢ .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 () to ).Y) mm and sand
which is the bottom layer is between (+.£ to +.¢) mm.

Morris et al., (134 +) 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 ().++ to ).£) mm and the depth for this layer is between (+.Y to
«.2) m. The bottom layer used sand material with particle size and depth
ranging from (+.¢ to +.Y) mm ,(+.)° to+.Y) m, respectively. Dual media filter
bed is supported by gravel layer with particle size (Y to ©¢) mm and depth from
(+.Vto-.Yo )m.

Zajic, (13AY) 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 (Y.Y).

Quaye and Isaias, () 2A°) 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
+.Y NTU and very levels of iron +.:° mg/l, manganese -.:Y mg/l, aluminum
«.»A mg/ |, and color was achieved at filtration velocity of Y m/h which is
treble the conventional filtration velocity. Some package units used pressure
filter with filtration velocities ranging from YY.Y to Y4\ m/h ( Y+ to Ye m'/h
through put ) for filter run times ranging from © to Y¢ h during the on-site
testing of packaged water treatment plant.

Goodrich et al., (13%2) 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 @ to Yo m/h.

Adams et al.,, (Y+++) 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., (Y+++) 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 Y+ to Y© m/h.

Qasim et al.,, (Y+++) 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 (Y.Y).

Table (Y.Y): Design parameters for rapid sand filter (single
and in-depth ) ( Zajic, [13AY)

Parameters Rapid sand filter
Single In-depth
Y-t
Through put rate GPM / ft (=Y ) up VY1
flow
YA-Y
( Sang)) (YA-YY) Anthracite
Depths of bed Materials ( inches) (AT ) V + sand or garnet
(A-Y+) gravel
Gravel
Bed area ( ft') D) (Yo-£)
«.£Top
Y.e (Max) +.4 Anthracite
Grain size (mm) bottom +.¢ Sand
Gravel Y.° + Gravel
Y. o+
Typical tank depth(ft) )+ open Varies
Back wash rate (gal/min/ft") (Ye-v+) (Ye-v+)
Backwash frequency Y¢hr Y¢hr

Table ( Y.¥) : The ratio of the media depth (1) to the effective size

of media (de) (Qasimetal.,Y«++)

. . Effective | Media depth | Uniformity
Al MR size (de)mm () cm Coefficient bl
Small dual : Yoeu o Y o

media Anthracite, & Sand .o Yo yy TR
Intermediate . Y 4A vy )y o
. : : : \EAAs
dual media Anthracite, & Sand . Vo YA \y
Large dual . Yoo A )0
media Anthracite, & Sand - o A Vy YNt
) .| Anthracite, Sand, & AN toy V.0
Mixed media Granet ey YY 4 Vo 1Y




Mono media

CHAPTER THREE
//

'”EOREncAL BACKGRO““Q







Chapter Four Design Steps

CHAPTER FOUR
DESIGN STEPS

¢\ Introduction

The package water treatment plant used in this search include

multi—units for mechanical, physical and chemical processes starting

from:

)

Y

Raw
water

. Low lift pumps.

. Package unit which include rapid mixing connecting with alum

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

. Clear and back wash water storage tank .

. High lift pumps connecting with chlorine feeders.

These units are shown in Fig.(£.)).

LLp SEDIMENTATION |

COLLECTION

CLOR A

U.L.P 44— ST

A
A

FILTER

Fig. (¢.Y) : Design plan of package water treatment.

¢.Y Flow Chart for The Computer Program

The steps of the computer program are:

\. Input the maximum demand capacity for the plant in m'/h (Qupyr )-

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

water in the river (C°) (Tmax, Tmin- ), respectively According to these

o9
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values, the computer program will calculate the water density (p) and

water viscosity () from the following equations:
P = INput from file at Tax f Thax <V C°
p., = Input from file at T,
u. = Input from file at T, If Tin>+C°

u,, = Input from file at T,

Prey = 0.000466 + 2 ma; ;f£$466 if Tpo> Y+ C°
. =983.2+ “20;—2?2 if Trax > ¥ C°
(5.9)

-

(DXgr, DMR, and Dg), respectively as shown in fig.(£.Y).

~~

Whrg), respectively.

o

(DSLips).

P

<

L(8)

(EY)

(5T

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

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

. Input the raw—water pump station distance from the river bank

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

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

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

units (DS, pp) in Whish this value is entered by the user according to

the natural of a project and not less than Y.em.

D

water storage tank (DSpcaw).

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

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

tank and the high lift pump (DSy.ppt) In Whish this value is entered

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

Y.om.
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VY. Input the elevation of project ( plant ) from the minimum expected
level river water (ELp).

VY. Input the net—work serve head (Hyr).

VY. Input the net—work elevation (ELyrT).

V¢, Call the subroutine to design the rapid mixing chamber (R.M.C).

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

V1. Call the subroutine to design the settling chamber (S.T).

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

YA, Call the subroutine to design the filter (filter)

V4. Call the subroutine to design the sludge and overflow channel
(Trench).

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

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

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

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

Y¢. End the program.

¢.Y 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.(£.Y).

Assume the number of service pumps is equal to the number of
package units (NU_ p = NUPAC.U) and the number of out of service
pump (NUO, . = V), thus the total number of pumps can be calculated
from the following equation:

NUT_p = NUp + NUO, 1 p ...(£.9)

0
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)
U Main program @
Qcar, Tmax, Tmin,DXr,DMRg,Dr,Wg,Wrg,DS| Lps,DSsp,
DSPAC.U,DSpcew, DSipp, DSuLpoT,ELpe,ELp, HnT, ELNT
Open File For Input
p. i
v
Tmax =Twmax
TAVR:(TMAX +Tamin)/Y
Tmaxy =Y+

<

Hyax =0, Pyax =

\ 4

/ FOR 1=) TO Tyax:

Hyax » Pmax

~

Hvin = Huax (1)

>

Puin = Lain (1)
Havr = Hyax (1)
Pavr = Puin (1)

=%
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NEXT |
- @

U Main program

¥

Fvax = Hwax (Tvax)

Puax = Mmax (Tvax)

—0.000466
Pmax=0.000466+ Puax IF
30*AT
-« T -T >0
0 9832 MAX  MAX
Ul =083.2 + —MAX
MAX 30*AT

ay
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0]

U Main program

020205000

Fig. (¢.Y) : Computer flow chart
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Package unity
Package unit,

DPPUy |DPPU, DP, DP,
DPBPU,  Main

FmaE

7 River
SP, P, Main >
suction

Fig. (¢.¥) : Plan of low lift pumping station for design capacities
(Vér- o )m'/h
£.Y.) Raw Water Suction Pipe

Raw water or main suction pipe as shown in Fig.(£.¢) 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 Im above the bottom of river to
prevent suction the sludge from the bottom and damping +.°m from the
minimum expected water depth in river where the NPSH value is high
and positive always, and continue after the horizontal distance (DS, ps)
which is entered according to the natural of a project (AL-Nakeeb, Y+ ++).
The length of main suction pipe can be calculated from the following
equation:

WR,  WR-WR,

PLLLS = DSLLPS + 5

+DMR-1.5 (8

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

PQus = b L(£V) 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:
V. Entrance from the river, ET = ).
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Y. Gate valve, GV =),

Y. Check valve, CV = ).

¢. Runto branch, TR =),

©. Qut to the pump, OU =,

J DP, DPy
We
\IIiIIiipiiiziiziizizziziiiilx 4
| T <P
A SPy SP, Main suction Pipe \ Screen Vo"o
DS, 1ps (WR'WRB)/ A
Wee/©

Fig. (¢£.¢) : 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 Yemm. The total area of opening
Is calculated according to the following equation(ESMIL Inc.,Y3YA):

2
=%x0.75 ..(EA)
4

Aps

Where PDM_ps 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,Y + + +):

2
HL g = — (—PQLLPSJ .(8.9)

P 291 0.6A,

The main suction pipe is connected with horizontal joint pipes
which are differed in their diameters and are equalized in their length
(LLps = Ym) where each pipe is to feed one pump. The number of these

"
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pipes is equal to the number of pumps (NUP_ ps=NU,p) 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'/s) can be calculated from the following equation:

PQ
PUMP, = <us BEAR
Q “ NUPUMP, ( )

Discharge of joint pipes between the pumps is calculated from the
following equation:
PQus ) = PQus .1y — QPUMp,, L(EWY)
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:
V. Gate valve, GV = ).
Y. Reverser ,TAT =),
Y. Out to the pump, OU = .
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:

pA%=M ...(§YYa)
0

PV
PHL, ) = PHLy o) + PA%;) x ZLQL(') ...(8-YYDb)

Where PA is the cross—section area of pipe (m'), 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.

£.Y.Y 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.(£.Y).

1y
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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 Ym.

PLLLDzLRMC+V%+3 (8

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

Qcap

_<cap BRERAE
3600 ( )

PQLLD =

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:

. Check valve, CV =V,
Y. Runto branch, TR = ).
Y. Gate valve, GV = ).

£.Y.Y.) 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.(¢.Y). The
number of pipes is equal to the number of package units (NUpppy =
NUPAC.U).

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

PL,popy = DSp, + Deye + ELp +0.5 ...(8.)9)

TA
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Where DSp, 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 Y.em. The discharge passes through
these pipes is equal to the discharge of package units in (m'/s) and is
calculated as:

QPACU

£
3600 o )

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

PQLLPDPU =

the diameter and the head loss of each pipe can be calculated according to
the number of the following fitting:

—

. Out to the package units, OU = ).
. Gate valve , GV =),

. Elbow 4+, EA =),

. Runtorun, TR =),

[ S ¢

£.Y.Y.Y 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 (£.Y).
The number of these pipes depends on the number of package units
(NU_ppor = NUPAC.U -)).
The length of each pipe is calculated from the following equation:
PL,ppp = SP + Leye +WI . (£.YY)

The discharge of the delivery pipes between the package units can
be calculated from the following equation:
PQuroo iy = PQurop -1y — QPACU (BN
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:
V. Gate valve, GV = ).
Y. Reverser, TAT =),

"4
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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.(¢.)Ya) and Eq.(£.) Yh).
After the head loss calculation in all pipes of low lift pumping

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

THy» =PHLy, + D PHL 5 + D PHL 5 + D PHL 5 + PHLy, + > PHL 5,

+ (ELgye — EL,, )+ EL, L(809)

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

Hyp =TH» e (8Y0)

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

following equation:

PQ
Q,, = <UD LL(EYY)
LLP NU .

When the pump efficiency is A+ 7, the power of each pump in (kw)

is calculated from the following equation:

0.163x60xQ,,» xH

Pur = 0.8 (E-YY)
And the total power for all pumps is :
TP, =P, xNU . (8.YY)

¢.¢ 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

\A
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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 )+
and the value of designed capacity of plants:

m3

hr

V. Design capacity from (V++ to Y+ +) DF=V.

3
Y. Design capacity from (¢« to ‘H)% NUgrmc="

Where the designed computer program is not work with capacity

3

3
M ormorethan Y+« 1
hr hr

less than ¢«

The number of rapid mixing chamber is calculated from the
following equation:

Q max
DF

NU ;e = INT( )

(£.9))

Then the number of package units is equal to the number of rapid
mixing chamber (NUPAC.U= NUgyc).The retention time range for the
rapid mixing chamber in the package plant is (+.©-).°)min, then the
retention time in the designed computer program is assumed one minute
(RTrmc =) min) as a first assumption.

The discharge of rapid mixing chamber is calculated from the
following equation:

QPACU = nar_ L (EYY)

RMC

The volume of rapid mixing chamber is calculated from the
following equation:

RT
VOLgyc = QPACU x— 1

(£.YY)

\Al
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In the designed computer program, the length of rapid mixing

chamber is assumed to be equal (L, = 2W,,) and the depth is assumed
of (Drmc=".® W), therefore the width of rapid mixing chamber is

calculated from the following equation:

VOLgyc

WRMC = 3

EAL)

So, the total depth is:

TDrmc = Druvc + FB ..(2.Y0)

Where FB is the free board and is equal to +.Yem.

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 (W,=+.Y°®Wgr\c) and its
length is equal to the width of inlet (L,=W,) as shown in Fig.(%.°).

The width of one package unit is calculated from the following
equation:

WPAC.U = Lguc + L (BT

£.¢£,) 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.,Y++Y) :

V. Propeller mixer diameter (m) : PD = %WRMC

Y. Number of propeller mixer per chamber : NUPD =)

Y. Number of blades per mixer : NUB = ¢

¢. Height of propeller mixer from the bottom of chamber (m):
H, = YPD

°. Width of blades per mixer : Wg = +.Y PD

\as
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1. Shaft diameter : SD = %PD

H_WEM.C_H
M X T
A
Raw —— — A ID"
Watetl
SO
TDgy FloC.T
_________ ¥ Do | 4
HopperI _________________
Depth O\
Drain Pipe
a. Side view
|<_ WRMC _’|
3 'y 7y
1A
Lrmo C%]MX W
WPAC.U A
A A ¢ » Yy
T ’ Floc
LI | [« Wo —¥ -
Raw [—>
Wate_;,_ r
— w, —
b. Top view

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

in the package unit

£.£.Y The Power of Mixing
To calculate the power of mixer, it should be assumed that the

value of revolution per minute for mixer (RPMgwc) is between (7 --
Vi),

A&
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The first assumption for The revolution per minute is
(RPMgpmc="+++). By substituting the value of (RPMgnmc) in Eq.(£.YV),
we get the required power for mixer as follows:

k*p*(RPMRMC )S*PDS

Prmc= 6;) . (2.YY)

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

equal to Y.2 ¢, as shown in Table (¥.Y).
After calculation the required power of the mixer, the velocity
gradient is calculated from the following equation:

P
G = [— _RMC L (EYA
RMC 1*VOLy,e ( )

The Ggrmc Vvalue is compared with the maximum and minimum
limits (Y +-Y+++/s), respectively. If this value is more or less than the
design limits, the Eq.(£.Y?) is applicated and re-calculated of Ggyc value
from Eq.(£.YA) at new value of RPMgpc.

RPMgmc = RPMgpme + © Yoo o< Grme<)* * L (8.Y9)

If the RPMgumc value is out the design limits then Eq.(¢.Y+) is
applicated and the chamber is re-designed at new RTgyc value.

RTrvc = RTrmc £ *.) Tve SRPMRue<) v L (E.YY)

If the RTgrwc Vvalue is out the design limits then Eq.(¢.Y)) is
applicated and the chamber is re-designed at new RTgyc value.

NUgmc = NUguc £ *.°<RTrmc <)o .. (ET))

If the Eq.(£.Y)) is applicated then the number of package unit is re-
calculated according to the following equation:

NUPAC.U =NUguc LL(EYY)

The width of inlet opening at the bottom of rapid mixing chamber
is calculated from the following equation:

Woi = Wrme «(E77)

And the depth is:
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Do|: .0 WRMC ...(2.\‘2)
The width of outlet opening at the top of rapid mixing chamber is

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

Woo = Lrmc ..(8.Y0)
And the depth is :
Dooz '.YOWRMC ...(2.‘“&)

¢.2 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.(£.7).

In one package unit, the following assumptions are used:

e The number of flocculation basin per package unit is (NUgr =)

e The width of flocculation basin is (Wgr= WPAC.U)

e The depth of flocculation basin is (Der = Drmce)

e The number of slow mix chamber (compartment) per flocculation
basin is (NUsyc = Y) but not less than Y and not more than ¥
according to available retention time (Y < NUgyc =Y < V).

e The width of slow mixing chamber is equal to width of the
flocculation basin (Wsyc = Wer), the length (Lsyc =).° Wspe) and
the depth (Dsmc = Der), then the volume of slow mixing chamber
(VOLsmc = Wsmc*Lsms*Dsmc)-

The volume of flocculation basin is calculated from the following
equation:

VOLgr = Der * Wer *Lsmc*NUsuis . (2YY)

\a
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The retention time limit is between ()+-Y+) min and can be
calculated from the following equation:
VOL,

RT., = L(E.YA)

FT

If RTer value is more or less than the limits then Eq.(£.Y9) is
applicated and VOLgr will determined from Eq.(¢.YY) at new
(NUgmc)value.

NUsmc = NUsgpe ) L (8Y9)

Free board is added to the depth of flocculation basin according to
the following equation:

TDgr = Der + +.Y0 (88

£.2.\ 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.(£.V).

Diffusion
Wall
MX, MXy
T
| = 'y
Water T
from Der | TDer
R.M.C L
A
—A
\ 4 y
A Hopper
N < depth
P LSMC‘ Sludae P|pe‘ I—SMCY N
< P >
lat LFT nl
= »|
Fig. (¢£.%) : Plan of flocculation tank design with two

slow mixing chambers (compartments) according
to available retention time (1< NUg,c <3)
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The diameter of mixer (m): DMgpc) = +.Y° Wqpc -
The radius of mixer (m): Rgmc) = *.© DMgpc; -
The height of mixer from the bottom of chamber (m): H, = +.Yo .
The blade mixer width (m): Wg, = +.Y .
The blade mixer length (m): Lg; = Dspc — *.° .
The number of dual blade bar in all axis: NUgycip = Y .
The number of blades in each bar: NUsycg = ¢ .
The length of rod for each blade from the major axis:
Rsmcel = Rsmer — .2 *We.
Rsmcsiq) = Rsmesi-y — (+-+ 1 + Wh).
The  summation of  blade rod in each bar:

NUSMCBI
SRSMCI = Z (RSMCI4_RSMCI (i)4)
i=2
The designed computer program selects the typical value of drag
coefficient according to the relation length to width of blades from

Table (£.)):

¢——— Rgyc) —>

DMsmci

Wi

A

v Vv I

A

Rsmcaig)

Fig.(£.V) : Gentle mixer configuration

YA
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Table (£.Y) : Drag coefficients of flat blades

Ratio
Co
Lei /Wpg
<\ Y1
°to Y. \.Y'l'( LB|/WB|-°)*'.'Y
>V~ \.O-{-( LB' /WBI_Y .)*~.~2

£,2.Y 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 (Y to V). The first
assumption of revolution per minute is (RPMgyc) = 1.¢) and the
revolution per minute for each mixer in the flocculation basin is
calculated from the following equation:

RPMgmc() = 1.0
RPMsmc(i=) to NU g, ) = RPMsmcgiony -+ -© L(88))
The power of each mixer is calculated by substitution the RPMg,,.,

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

*
_ NUgueer * NU gy *Cy* p*Wy, *(1-k)° *(6_7;* RPMgyci)’ * SReye

PSMC(i =1toNUgye) )

...(£.8Y)
The range of velocity gradient limits is between (Ye-Ve/s). The
velocity gradient for each mixer is calculated from the following

equation:

_Fowen (5.57)
#*VOLgye

GSMC(i) =

vAa
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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:

RPMsmcgiy = RPMsmcgy * +.° VO<Ggye <Ye  ...(B.E9)

Re—calculation of G, Value is made at new RPMgyc() value

calculated from Eq.(£.£Y). If the RPMgmc(y value is more or less than the

limits then Eq.(£.£°) is applicated and re-designed the mixer at new
DMgpc value

DMsmc) = DMgye £ +.0° ...(£.£9)

After calculation of the retention time for flocculation basin, the

retention time of one slow mixing chamber is calculated from the

following equation:

R TFT

(65
NUSMC

RTSMC(i) =

The value of (Gsmci*RTsmcg™ ) is compared with the limit
values, the limit value is between (3°++-V+°). If the value of
(Gsmc@*RTsmcip*1+) is more than the design limits, the following
equation is applicated:

NUsmcey = NUspicsy - .(8.2Y)

If the value of (Gsmc(i*RTsmci™ 1 +) is less than the limit then the
following equation is applicated:

NUsmcip= NUsmcip + ) L (EEA)

In each case, the computer program is redesigned the mixer

according to the to the new values of NUgycgy and NUgspcie.

¢,¢.Y 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.(¢.1). 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:

e The ports should be uniformly distributed through out the baffle
wall.

e In order to minimize the length of the jets and the dead zones
between ports, a maximum number of ports should be provided.

e The maximum flow velocity through the ports should be
approximately VP =Y+ mm/s, in order to prevent floc break up.

e The most effective type of diffusion wall should have uniformly
distributed ports where ports diameter is (dp = YYemm) with an
opening ratio of 1 to A percent.

e The optimum head loss through the ports should be (Y-Y)mm. This
value is small and assumed zero.

The total area port is calculated from the following equation:

_ Q. ¢ £9
A v . (8.89)

And the port area is calculated from the following equation:

AP:ZdP (io')

The total number of ports can be calculated from the following

equation:

Ap
N, = INT (2% ..(£.9)
(Ap) (£.2)

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

following equation:

Nppg = INT[ NP ]

SMC

(£.0%)

AN



Chapter Four Design Steps

And the number of ports per one column is calculated from the

following equation:

N :|NT( NP ] +) . (£.07)

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

following equations, respectively:

SR:WSMC_(NPPR*dp) _“(2.02)
Nepg

SC = Dguc — (Nppc *dp) L (£.00)
Nepc

¢, 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.(¢.A) with the following
assumptions:

e  The width of settling chamber : Wsc = WPAC.U
e  The depth of settling chamber : Dsc = Det

e The length of settling chamber : Lsc = K*Wqc (k=Y)
The features of Lamella Plate are:
e The height of Lamella plate (m) : Hps = F*Dsc (F=-.v)

e The angle slope of lamella plate (degree) : X = 50°
e  The spacing between lamella plates (m) : W= +.+1

e  The width at lamella plate (m) : Wps = Wqc

AY
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e  The thickness of lamella plate (m) : T =+, ¢
The number of Lamella plates is calculated from the following

NPS =INT| == |+1 (ic L)
w

Then, the discharge(m 7h) is:

_ QPACU

.(£.0Y)
Nps

Qps

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

Sin| X *-*
180

The apparent surface overflow rate can be calculated from the

Les = .(£.94)

following equation where the limit values are between () +-1+) m/h.

QPACU *Sin(x *”j
S, = 180 (£.09)
@ W+T

If the s, 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=Xzxe Ve <g, < (B

The limit value of angle slope X is (¢+-Y@).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=Wz=: +) £+ <X<Vo

L (8))

The limit value of spacing between lamella plates is (+.+£-+.+3)m.

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

AY
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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=Kz% . o iWK 08

L (2.Y)

The actual surface overflow rate can be calculated from the

following equation:
W+T

SOR = Sap* .. (8.
T
Ho *Cos| X *—
P [ 180)
The flow velocity is calculated from the following equation:
Hos *Cos(X *-2) +W
V, = SOR* 180 SCAL)
W *Sin(X * %)
180

The limit value of the retention time for settling chamber with
lamella plate is not more than Y min. The retention time can be

calculated from the following equation:
HPS

Sin(x *”j/v0
180

If the RTsc value is more than the limit then Eq.(£.7 +) is applicated

RT,. = *60 ..(£.719)

and re-designed the lamella plate according to the new X value.
If X value is more than the limit then Eq. (£.17) 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-~.~° (21-&)
The required area becomes
PACU
Ay =T (£.1Y)

ap
The provided area is calculated from the following equation and
then compared with the required area.

At
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A, =Wg * Ly (8.0
If the required area is more than the provided area then Eq.(£.7+)
and eq (£.7Y) are applicated and re-designed the lamella plates according
to the new values.
Inlet length for settling chamber can be calculated from Eq. (£.1%)
Lie =0.2% Ly ...(8.19)
Then, the total length of settling chamber is
TLsc =LisctLsc L(8Y)
Free board is added to the depth of settling chamber to calculate
the total depth of settling chamber:
TDgc= Dgc + +.Y2 L(EYY)

”V\W@/\ﬁ“
Water [ ¥ 4 7
From T3( //////>< To Coll|T
Floc.T T /2% /2/2 /27 2\ [TDsc
)1y
Hopper{ 7 o\s ﬂ
: ludg
L, i: LSC e Diml
la I TLS g

I~ g

TDCH THLyw

Effluent
channel

Fig. (¢.A) : Plan of setting chamber design with lamella
plate and effluent channel with V- Notch weir
as outlet to collection tank

¢.1.\ Effluent Channel (Launder) and V-Notch Weirs as Outlet of
The Settling Chamber
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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.(£.A).

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

e The number of effluent channel : NCH =Y

e The length of effluent channel (m) : LCH = Lgc

e The width of V-Notch weir (m) : Wyw="+.)

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

calculated from the following equation:

2*LCH

NU,, = INT(===5) (£.YY)

The discharge of each V-Notch weir per one effluent channel is
calculated from the following equation:

QPACU / NCH
Wvw* 3600
The head loss of V-Notch weir is calculated from the following

Quw= ..(£.YY)

equation:
2
Hva=(QﬂVJ5 L2V
2.5
3
The limit value of weir loading is between ()Y +-YA+) Md ,and itis
m.
calculated from the following equation:
(QPAC.U *24)

wi = — 2> NCH (E.Ye)

LCH

AT
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If weir loading is more or less than the limit then the following
equation is applicated and re-designed the VV-Notch weir according to the
new NCH value.

NCH = NCH ) (BN
The width of effluent channel (m) is calculated from the following
equation:
WCH =(—0'2 j*Wsc L(EYY)
NCH

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

_.[QpPACU Y

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

following equation:

gx( QPACU o) oy

DCH = |DCCH ? +| —2*LCH *3600 L(EY9)
g *WCH 2* DCH

If the depth at the upper end is less than the width of channel
(DCH<W(CH) then the following equation is applicated and re-calculated
the depth at new WCH value.

WCH=WCH=z- .+ L(EAY)

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

% QPACU
sL= |20 T (EA)
2* ACH *R3

The head loss in effluent channel (m) is:
HLCH = LCH *SL . (E.AY)

following equation:

AV
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If the head loss of effluent channel is more than half the depth of

DCH

channel (HLCH> 5

), then Eq.(¢.A+) 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 (EAY)
If the total depth of effluent channel is more than twice the width
of channel (TDCH>Y*WCH) Then Eq.(¢.A+) is applicated and re-

designed the effluent channel at new WCH value .

¢.1.Y Sludge Hopper of Clarifier

Sludge hopper is extended along the rapid mixing chamber,
flocculation basin, and the settling chamber as shown in Fig.(£.9), where
the sludge is settling and collecting in hopper by gravity force.

For one package unit, the following consideration are adopted:

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

and settling) according the width of package unit:

WPACU

BCcf = Y<WPAC.U<Y

WPACU

BCcf = WPAC.U>Y

e Depth of sludge hopper (m) : Dcps = +.¢
The discharge of hopper(m'/h) is calculated from the following
equation:
Qcrs=".Y*QPAC.U (£A8)
The length of hopper(m) can be calculated from the following
equation:
Lcrs=Wgrmce +Ler +TLsc ...(£.A0)

AA
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The retention time for sludge thickening (min) in hopper is:
RTCFS =RTR|\Ac+RTFT+RTSC .. .(i ./\1)

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

_ Qs "RTes. (£.AY)
DCFS*LCFS

CFS

£.1.Y 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.(£.9).

In the designed computer program, one sludge pipe is assumed in
each chamber then the number of pipe is (NUP¢rs = Y).

The discharge of each pipe is calculated from the following

equation:

QCFS
P =——<CF L (EAA
Qers NUP. *3600 (£:A%)

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

WPACU ~We;  DSPACU

Ply, =
CFS 2 3

L (£.A9)

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 =), GV =),and OU = ).

< WPAC.U o

A4

: ) | |
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v

Fig. (¢.%) : Plan of sludge hopper and sludge pipe

£,V 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.(¢.) +). 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 :
e The number of collection basin per package unit: NUct =)
e The width of basin (m) : W, =WPACU
e The retention time (min): RT, =25
The depth of collection basin is calculated from the following
equation:

Do = Dg + Dy + xTan(¢) —TDCH

WPACU —W
2

L (E.A9)
Thus, the length of collection basin is:

_ QPACU xRT, (64
Der xWer

Lo

Free board is added to find the total depth of collection basin:
TDg; = Dg; +0.25 L (8Y)

£.V.) 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
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overflow and sludge. In each package unit is found one overflow pipe as
shown in Fig.(£.) +).

The discharge of this pipe (m'/s) is calculated from the following
equation:

QPACU
PQOVCT :W .__(2_‘\\‘)

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

DSPACU
Plover =TDCT+T ...(8.3Y)

The overflow pipe is designed from the program of pipe design to
find the diameter according to the number of fitting: OU = Y, ET =),
GV=),andE% =V,

¢.A 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.

A
NNV ] .
_ To filter
\4“ Py
TDcr
Der
Hopper 2
depth { 1 ~
A4 v
>
I< I—CT :IT
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Fig. (¢.Y+) : Plan of collection basin and overflow pipe
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.(£.))).

Under drain system

X

T
XI

Trough
_1 / \ - L}
Coll. U U
basin Filter media

/_ Effluent pipe of filter

¢.A.) Design of Filter Media

Y

Clear and
back wash
water
storane

Back wash

system

Fig. (¢.1Y) :Plan of Filtration System design
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The characteristic of the media is designed by computer program is
presented in Table (£.Y), and shown in Fig.(¥.) V):

Table (£.Y) : Characteristic of filter media

Depth of Size of
Type of | No. of )
: Layers | Particles(mm) | «
media Layers
(m) d, dv
) a0 YA o
Y v e 0 o Y.
Gravel . g0
v «eve A Y4,
¢ voeYo \‘\'. Y'Yg
) v.e0 Y KK
Sand ¥ +e .04 c A
o
¥ .0 fEY .04 ’
) ) ). ¢0o Y AT
Anthracite Y Y ) g0 Y04 . t0
v oY AR Yo

Where & is the porosity of the media.

Calculations of the geometric mean for the sizes of each anthracite
(dmar) and sand (dysy) is made from the summation of multiplying the
root of d, and d .

Calculation (d-.) of each sand and anthracite layer from the

following equations after calculation the average particles size for each

layer:
d
dGOSM = ZN:UMSL n_(i_ﬂ'k)
sL
d
dGOAM = ZN:UMAL ._.(2_‘1\/)
AL

Where NUs,_ is the number of sand layers, and NU,, is the number
of anthracite layers.
The depth of filter media (sand, anthracite, and gravel) is

calculated from the following equation:

Dem = Desy + Deam +ZDFGM ~--(2-Q/\)
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¢ MY Filter Dimensions

The depth of underdrain system (Leopold type) is equal to
(Drups = *.Yem) and the total depth of water above the media is assumed
equal to (Drw = Y.Yem). Then the depth of filler basin is calculated from
the following equation:

De =Dy + Deyps + Dy + FB ..(8.39)

For rapid sand filter, minimum and maximum acceptable limits of

filtration rate are (°-)°) % respectively, then the following assumptions

are used:
e The width of filter (m) : Wg. = WPAC.U
e The number of filter per package unit : NUg_ =)
e The relation length to width of filter : Ry =Y
The length of filter (m) is calculated from the following equation:
Le =Ry xWg, (B )
Then the filtration rate (m/h) is:

QPACU
Le xWey

FR =

BNCARE)

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 R value :

R.w =Ry +05 (8N

¢.,A.Y 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.(£.Y).

The dimensions of block is constant as follows:

q¢
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e The depth of block (M) : Dy o = DF;DS

e The width of block (m) : Wgypsg = +.YV4

e The length of block (m) : Lrypsg =)

For each square meter, the following items are considered:

e The number of orifice at the top surface of block
NUrypsos = Y 4¢

e The diameter of orifice at the top surface of block (m) :
DMeypsog = *.*+'m

e The number of control orifice at the middle web
NUeypscos = ¥).¢

e The diameter of control orifice (m) : DMrypsog = *.*'em

The water discharge between the channels is controlled by the
control orifices. The discharge of each orifice and control orifice (m'/s) is

calculated from the following equation:

FR
= (BN
Qro NU ., x 3600 ( )
Thus the area (m") is:
7x DM .
AFo:—4 = (809
A <
- A ‘_} Lo
Lrs
I
}
Deg e ”
P e
Y|
We ﬁ Weg P

Fig. (¢£.VY) : Underdrain system of filter
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¢.M. ¢ The Head Loss at Filter Run

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

calculated from the following equation:

@ g ~dd,

2
HLFM=5ngFRX(1_a) X(E)ZXZ ; * Dey . (8000)
Thus, the head loss due to the orifice and control orifice for
underdrain system is calculated from the following equation:
( QFO )2

0.6 x
HL oo ZTAQFO (8N

Then, the total loss due to filtration is:
HLFL = HLFSM + HLFAM + HLFGM + HLFUDSO ---(i-\ ~\/)

Where HLgsv, HLgam, and HLggw are the head loss (m) for sand,
anthracite, and gravel, respectively.

¢.A.¢ Design of Filter Backwashing System

During the operation of filter with a period time not more than ¢A
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.

a1
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The minimum fluidization velocity for sand grains is calculated the

following equation:

& _ (px(SGgy —p))**
VMf :déosszM x p Sg/_lgg p (2\ .A)

H
Where SGgy, is Specific gravity for sand which is equal to Y.1°
The Reynold number due to the minimum fluidization velocity is
calculated from the following equation:

Re,, = 2> VYm X dus (5049
U
If the Reynold number (Ren) is more than Y+ then it must be
corrected by the correction factor is calculated from the following
equation and then multiply with the minimum fluidization velocity:

Kg =1.775x R, %" OO0
Vi =K XV O

The Reynold number of fluidized sand grains due to non-hindered
setting velocity of particles is calculated from:

Re, =8.45xRe L(EYY)

n=4.45xRe % (BN
Vm

K:anf L(ENVE)

The acceptable limits for backwash rate of sand grains are

(+.Yo-£.V) % The backwash rate relative to d-.qy is calculated from

Table (£.Y):
Table (£.Y) : The average backwash rate relative
to the effective size of the sand bed.
dx.sm (MM) BWR (gpm)

> . 00 '\_V+(d.\_SM,._oo)*\‘\/_.

<10 To + VA v+ (digm—+.10) *YVY

v
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YA To + AY VYU 4 (Orgy— . YA) * YV
v AY To ).+ 9 V€ + (duogy— +.2Y) * YV
Y.+9To V.7 YV 4 (digm— V.0 3) * YA
V.Y To ) .ot YV.o + (Crogy—).¥) * Yo
V.08 To V.A¢ ¥Y. o (dvgm—).08) *F YLY

The average backwash rate is corrected according to the effect of
temperature by using correction factor of temperature from Table (£.¢).
The average backwash rates (m'/m/s) is calculated from the following

equation:

BWR:BWRX];;% L(E))0)

The expected void ratio during the backwash process is calculated

from the following equation:

BWR x 60

1
n (e
<60, (£0))

gy = (

Table (£.¢) : Temperature correction factors

Tmax (C°) Trac
>=Y. V.4
Yo To ¥4 Yoo
Y To V¢ <4
Yo To Y4 o AY
Y+ To V¢ « Vo
°oTo Ve A
< 0o .0

The expansion of sand and anthracite bed can be calculated from
the following equations:

l-a
Lesw = Degu X = ..(£.)1Va)
1-ay,

1= %o .(£)VD)

LeAM = DFAM 1
— Uy

aA
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The expansion ratio for sand and anthracite bed is calculated from

the following equations:

Rawsw :(M)xlOO ._,(i_\\/\)

FSM

Ly —D
Rayam = (=4 —"4) <100 (BN

FAM

Then total expansion ratio for the media is calculated from the

following equation:

LeAM + LeSM ) — (DFSM +D
DFSM + DFSM

RBW:(( FAM))XZI.OO ...(i,\\H)

¢ A% 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:

HLgwsw = Desy X (SGegy — D) x (L—ax ) L(ETY)

Where SGgy, is the specific gravity of sand layer and is equal to
Y.lo,

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

HLgyaw = Deam X (SGpy —Dx(1—a ) L (EYY)

Where SGav is the specific gravity of anthracite layer and is
equal to).e.

The head loss of gravel support is calculated from the following
equation:

(= a) BWR?

HLBWGM:(15O><%><BWR =a) 0‘) x (= ) xz +1.75% x (= ) zdz Decu
_,_(2_\\‘?‘)
And the head loss through the orifices and control orifices of

underdrain system is calculated from the following equation:

19
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HLawuoso = %X BWR? +%X BWR?

L(ENYE)
In each meter width of filter basin there are 1.© primary feeder
channels two in each black, then the dimensions of this channel are:
e The depth of one primary feeder channel (m) : Dgpc = *.)
e The width of one primary feeder channel (m) : Wgpc = *.)
e The length of primary feeder channel (m) : Lgpc = Lr_
The cross sectional area of primary feeder channel (m') is

calculated from the following equation:

Agpc =Wigpc X Dgpe -*-(Z-NYO)
Therefore the number of primary feeder channels for filter basin is:
NUBPC=M><2 (BN

FB

The discharge of each primary feeder channel (m'/s) is calculated
from the following equation:
Qgec = Ly x BWR ...(i.\YV)

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

VBPC:is:z ---(i-\W\)
The slope of this channel (m/m) is calculated from the following
equations:
Vgpe x0.013
Suoe = ( BPCF:2/3 )2 _._(2.\ Y“l)
R — ABPC
2x (Wgpe + Dgpc)
(BN

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

from the following equation:
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HLgpe = §X Sgpc X Ley

L(ENTY)

The head loss of primary feeder channel is checked with velocity

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

them is not more than +.+Ym to produce the pressure balance in primary
feeder channel:

2
VBPC

2xg

VHgoe = (BT

The total static head from the bottom of underdrain system after
added the assumed trough depth (+.Ym) with (+.Y°m) as free board (m) is
calculated from the following equation:

TSH,,, = Dey + Deyps +0.34+0.15+ Ly, + Loay L(ENYY)

The required pressure head above the primary feeder channels of
underdrain system (m) is calculated from the following equation:
HLgy =TSHgy + Hlgwew + Hlswuos + Heswsw + Hegwrgn -+-(£.17€)
¢.A.Y 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 (¢.)Y). The

trough extends along the width of filter and the spacing between the
backwashing water troughs is calculated from the following equation:

SP.ur =2xTSHy, ..(8.YY9)

The number of backwashing water trough is calculated according

to the trough spacing and as follows:

I‘FL

NU gy = ?
BWT

L(ETY)
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The discharge of backwashing water for filter (m'/s) is calculated

from the following equation:
Quy = A xBWR L(ETY)
Therefore, the discharge of each trough (m'/s) is calculated from

the following equation:

_Quw § VFA
QBWT - NUTBWT ...( . )

In the designed computer program, then the following assumption

IS used:

e The width of backwashing water trough (m) : Wyt = *.Y

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:

RL=W,, x2 LL(BTR)

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

head (TSHgw) .

¢ A A 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 (¢.)Y) where the pipe

length (m) is calculated from the following equation:

DSPACU
Ploye == +TSHy, (80 E)

The number of pipe is equal to the number of backwashing water
trough (NUPgw = NUTgwr7), therefore the discharge of pipe can be

calculated from the following equation:

PQBWE:QBW/NUPBWE -~-(2-\2\)
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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 = Y,0U=), E% = ),and

BV =)
Backwashing water )
trough \ We =WPAC.U DspACU Backwashing waste
< - > 3 ,  water pipe
'y N T /: i
TSI TS TSI SIS X A
Anthracite layer
TDrL

Sand Layer TSHew

Gravel Support

Underdrain System
vy L vy
[ = |

| Over flow and
sludge channel

Fig. (¢.1Y) :Plan of Backwashing wastewater pipe

¢ A4 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 :

Ly =We, LL(EVEY)

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

the following equation:

_ QPACU REL;
Qu =500 (£ 8Y)

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

above this weir is calculated from the following equation:

Quw 213
HL, = (G%— BREIES
w (3.33>< LIW) ( )

¢ A\« Filter Effluent 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.(¢.) ). The length of the pipe is equal
to the distance between the package unit and the clear and backwashing
water storage tanks (DSpst):

PL. = DSypor ..(8.)89)

Discharge of this pipe (m'/s) is equal to discharge of influent weir
of filter (PQre = Q\w) .

Filter effluent pipe is designed from the program of pipe design to
find the diameter according to number of fitting: ET =), 0U=),GV =Y
,and TR=) .

¢ A VY 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.(£.) ¢). For each package unit, pipes
include :

Y. 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:

e The number of pipe : NUPgws =)

e The length of pipe (m) : PLgws = ¥

e The discharge of pipe (m'/s) : PQgws = Qsw

e 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 =), TR =), and GV=).
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Y. Minor suction and delivery pipe : Minor suction pipe locates
between the main suction pipe and the backwashing pump, the
characteristics of this pipe are:

e The number of pipe in service : NUPgwms = )

e The number of pipe out of service : NUOPgyms =
e The length of pipe (m) = PLgws = %DSP

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

Y.om.

e The discharge of pipe (m r/s) : PQewms = Qsw

e 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: EA= Y, GV =), and OU=).

In the designed computer program, the characteristics of minor

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

Y. 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:

e The number of pipe : NUPgyp =)

e The length of pipe (m) : PLgwp = Dgt— V.Y°

e The discharge of pipe (m'/s) : PQgwo = Qaw

e 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 =), and GV = ).

Filter

Backwashing
Minor suction and deliver Pines

Backwashing
Deliver Pipe
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Fig. ( £.Y ¢) : Plan of backwashing pipes system
for each package unit

Then the characteristic of back washing pump is:

e The number of pump in service : NUPUMPgy =)

e The number of pump out of service : NUOPUMPgyy, = )

e The discharge of pump (m'/s) : Qewe = Qsw

The head loss of backwashing pump is equal to the total head loss
of backwashing pipes (THgwep = PHLgw), thus the required power of

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

0.163%x 60 x Qgyp X TH e

Pawp = (B0
BWP 08 ( )

¢ A VY Backwashing Procedure

In each package unit, filter is designed to work Y ¢ hr in day, then
the filter must be washed through (Tew = Y$£). The maximum

backwashing water usage is (4 ) thus the backwashing time of filter is

(Tew = B:VR +—)hr where added one minute to close the valve, then the

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

FCBW QBW "‘(2’\ 2\/)
Rew :Voﬂxloo L(EVEN)
QPACU

Where Rgy is the percent ratio of backwashing water usage .
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¢ A VY 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.(£.1°), (Ay) is

the change in water surface elevation between sections Y and Y, Thus

(Ay) (M) s :

Ay=Y,-Y, (8. 89)
I I 2 .
— - ?AV T T

|

P, Y: \ Yy Y=Y
: \\Q\\\
~_~ﬂ§l‘=$ SAX vy
D

AX
Fig. (¢.Y°) : Plan of lateral spillway channel .

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

equation:

=Qﬂ 2\D~
Q- % LS

Where RL is the length of channel in which the water is spilled
above it.
The critical depth is calculated from the following equation:

Q
- (20

The following assumptions are adopt :
e The depth of water in section Y is equal to the critical value (m):
YV = YC
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e The distance between the upstream end of the channel and
section Y (m): Xy=RL
e The charge in gradient : DYPA =+ +++2
e The distance between section Yand ¥ (ft): AX = Y.)
The value of (Ay) is calculated from the following equation:
AY =(SxAX)—DYPA (8)eY)
Where S is the slope of channel.
Then the depth of water in section Y (m) is calculated from the
following equation:
Y, =Y, —AY ..(2.)eY)
The discharge (m'/s) and the velocity (m/s) for sections ) and Y can
be calculated from the following equations, respectively:
Q,=0QxX, (8. e8)
Q, =Qs x (X, —AX)
...(8.)e0)

vi=
W><Yi

(800
The hydraulic diameter for each section is calculated from the

following equation :

Ri =V >, L(£0Y)

C2xY, W

The average diameter and the average slope for two sections are
calculated from the following equations, respectively :

L (£.2M)
|

A

R

nZ* *V 2

avr
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The change in velocity (m/s) and in discharge (m'/s) between
section Y and section Y can be calculated from the following equation,
respectively:

AV =V, -V, ..(E)09)
AQ=Q,-Q LB

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

calculated from the following equation:

AylZM[AV+v_zxAQ}sMxAX (1)
gX(Q1+Q2) Ql

By application the Eq.(£.)1Y), (AY') value that calculated from Eq.
(£.Y1)) is compared with (Ay) value that calculated from Eqg.(£.YeY) and
as follows:

AY —AY'

< V) L(£0TY)

If the absolute value that calculated from Eq. (£.11Y) is more then
+., then the channel is re-designed from Eq.(¢.)°)) after changing the
value of (Ay) to avalue of (Ay) + +.+++2.

The horizontal distance between the upstream of the channel and
section Y (m) is calculated from the following equation:

X, = X, +AX (8T

The increasing value for the horizontal distance between section )
and Y (m) is calculated from the following equation:

XS = XS + AX AR

Assume (X, = Xy) and (Y, = YY) to design the next sections at the
same pre-design method.

If (X, < AX) 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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1

5_2><SL

- L(£070)

SL
Y, = |:2><YC2 +(Ye —?)2}

¢.4 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.(£.1 1) includes:

V. The clear and backwashing water storage tank.

Y. The suction pipes.

Y. The high lift pumps.

¢. The delivery pipes with hydraulic forces preventers.

In the designed computer program, following assumptions are
used:

e The number of high lift pump in service : NUy p = NPAC.U

e The number of high lift pump out of service : NUOUTyp =)

Then the total number of high lift pumps is :

NUT,» = NU, + NUOUT,, (BT

¢.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 (NUpt = 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'/h):

Q,; = QPACU +QT,, L(ENTY)

e
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Retention time of water in this tank is limited as (RT, =0.5hr) thus

the volume (m") is:
or = Qor X RTy,; RCARY

In the designed computer program , following assumptions are
used :

e The depth of the tank (m) : Dpr = ¢

e The width of the tank (m) : Wpr = WPAC.U

Then the length of clear and backwashing water storage tank is

calculated from the following equation:
VOL,,

Ly =— 20— BNCARY
DT WDT x DDT ( )

Free board is added to the depth of tank:
TD,; =D, +0.25 LBV

¢.4.Y Minor Suction Pipes (1)

Minor suction pipes (') extended from the bottom clear and

backwashing water tanks to the minor suction pipes (Y) as shown in
Fig.(¢.)1). The number of pipes is equal to the number of clear and
backwash tanks (NUy.pmsey = NUpt). The length of one pipe (m) is
calculated from the following equation:

PLy,pys; = DSDTUP L(EVY)

Where DSDTUP is the vertical distance between the clear and

backwashing water tank and the high lift pump which is entered by the

user
A /\
Compressor
( Surge Surge Surge Surge
Vessel Vessel Vessel Vessel
C.BW.T, C.BW.T, Lor
l‘ MSP, [ ™msP, 1Y gp, ..
I
I_\/Ilnor suction Main suction Pipe
Pipe () (MSPx)
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Fig. (¢£.1 %) : Plan of high lift pumping station for design capacities( ¢ +-¥+ +)m”

according to the available servicing area of a project, in all cases
DSDTUP is not less than Y.em.

The discharge that passing through these pipes is equal to the
discharge of package unit (m'/s):

QPACU

£AVY
3600 L(EDYY)

PQULPMSl =

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 =), ET =), CV=),Ef =), and OU = ).

£.4.Y Minor Suction Pipes (Y)

The minor suction pipes (V) are located between the minor

suction pipes (V) and carried the clear water from the minor suction pipes
(V) to the main suction pipe as shown in Fig.(£.11). The number of these
pipes is depended on the number of clear and backwashing water tank

(NU ypusp = NU 5 =1). The length of one pipe is calculated from the
following equation:
PLypus, = DSPACU +W,; AN

The discharge of these pipes (m'/s) can be calculated from the
following equation:
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QPACU

PQULPMSZ(i) = PQULPMSZ(i) +W . -(i.\ Vi)

The minor suction pipes (V) are designed from the program of pipe
design and the head loss is calculated according to the number of fitting::
OUu=)GV=)and TR =).

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:

% PP
p%FA ..(£.YYeq)

PAJL(i)
2

w PV
PHL ) = PHLy iy + PAG X% ..(£.YVeb)

¢.4.¢ Main Suction Pipe

The main suction pipe is extended from the first minor suction pipe
(V) to the first pump as shown in Fig.(£.171), In the designed computer
program, it is assumed that the length of pipe is (PLy.ps = Ym) and the

discharge of this pipe (m'/s) is calculated from the following equation:

_ QPACU xNUPACU

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 =), CV =), TR=),and OU =,

The main suction pipe is connected with horizontal joint pipe
which are differed in diameter and are equalized in their lengths (PLycps
= Ym). One of the joint pipes feed one high lift pump, then the number of
these pipes is equal to the number of pumps (NUPy.ps = NUyp). 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'/s) can be calculated
from the following equation:

WY
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PQ
PUMR, =-<uis
Q UL NU

(ENYY)
Thus the discharge of joint pipes between pumps can be calculated
from the following equation:

PQuis(iy = PQuis iy —QPUMR,. ,,,(i,\ W\)

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 =), TR=),and OU = ).

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.(£.)Vea), and
Eq.(¢.YVeb).

¢.4.2 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.(£.) 7).

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 (PLyrp = Ym) and the discharge
(m'/s) is calculated from the following equation:

PQuiro = PQuirs (VYY)

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 = Y, E? =), TAT=),
BV =) and AA=).
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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:

THULPUMP = PHLULPD +Z PHLULPD(i) + PHLULPS +

D PHLyps iy + D PHL oy + O PHL pys L(ENAY)
The required power for each pump (m) is:
Hope =THumome + Har L(EAY)
With efficiency (A7), the required power for each pump (kw) and
the total power can be calculated from Eq. (¢.YAY) and Eq. (£.YAY),
respectively:

0.163x60xQ, , xH
R, = O8ULP uLP “.(2.\/\\')

TR, =Py xNU 5 L L(£VAY)

¢\ + 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:

V. 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.(¢.YV).

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:

Quoc =QPACU +Q,, (VAR

The length of channel can be calculated from the following
equation:

Leoc = LPACU +1 ..(8.YA0)

Yo
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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 = Qcrs) -If (Vssoc) value is less

than 0.6%, the slope of channel (m/m) is calculated from the following

equation:

2
0.6x0.013
Sssoc :{—} '--(Z-W\-‘)

Résoc
Thus, the head loss of channel can be calculated from the following
equation:

(EVAY)

HLgsoc = Sssoc * Lssoc

Y. 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. (£.)V).

The number of channel is equal (NUpnsoc =), and the discharge
is: Qusoc = Qssoc X NU ssoc (2N

The length of channel is calculated from the following equation:

Lusoc = WPACU x NUPACU + DSPACU x (NUPACU -1) +S?P Jr%wSSOC + DSq,

(A

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 (Qusoc = Qcrs). If (Vmsoc) value is less than

0.6%, the slope of channel (m/m) is calculated from the following

equation:

2
o.axo.oﬂ (803

2/3
RMSOC

SMsoc ={

Thus, The head loss of channel can be calculated from the
following equation:
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HLysoc = Swsoc * Lusoc L(END)
5 DSPACU
DSPAC.U /Y wpAC.U
—le—————»|
Package Package
1 WSC g
unit ¥ unit ) LPAC.U
Secondary
Channel
SC,
b lud
Sludge
W -
K MC pit
Main channel (MC)

DSsp

|l »|

Fig.(¢.1V): Plan of sludge-overflow channel for design

capacities() ¢ «-
Y+9)m'/h
¢ 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.(£.YA).
For one package unit (rapid mixing chamber), the following
assumptions are used:
e The number of coagulation solution tank in service : NU¢st =)
e The number of coagulation solution tank out of service:
NUOcst =)
Thus, the total number of coagulation solution tank is calculated
from the following equation:
NUT; = NU ; + NUO; LL(ENAY)
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In each Ym' of water, |+g of alum is dissolved. If each )+ ++m' of
raw water need ) +kg of alum solution as maximum limit, each 'm' of
alum solution is sufficient to feed Y+++m' of raw water. Thus, the
discharge at alum solution tank (m'/h) is calculated from the following

equation:

QPACU
o L(£03Y)

Qesr =
The retention time for coagulant solution tank is assumed as
(RTcst = *.ehr)where alum is solid, thus the volume of alum solution
tank (m") is
VOl = Qe X R L(8039)
The depth of coagulation solution tank is assumed as
(Dcst = *.Am), then the area of tank is :

o)
A :$ L (£.140)
CsT

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:

DI = %A BRCARD)
T

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:

V. 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
(NUPcs) = V) and its length (m) is calculated the following equation:

pL, = WPACU | 45414 DI x2+(LPACU —3—%)+0.75x DI, +0.1

LL(£08Y)
le—wpPAC.U—

R.M.C

DP: "

DP,
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Fig_.(i.\ A) :Plan of Alum Solution System
Thus, the discharge of pipe (m /s) is :

PQuy = Qe /3600 BNEARY

ARR!
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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=)Y,E4=Y, TR=),and GT =V,

Y. Suction and delivery pipes with pumps to rise the alum solution from

the tank to the rapid mix chamber which include:

A. Suction pipe ()): it carries the alum solution from the tank to the
suction pipe (Y). The number of pipe in service is (NUPcstsp) = V)
and the number of pipe out of service is (NUOPcsrsy = V) then the
total number of pipe is:

TNUP 515 1) = NUPegr (1) + NUOP g5 . (8)439)

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

Plesrs @y = Dlesy +0.5 L(EY )

The discharge of pipe (m'/s) can be calculated from the following
equation:
PQcsrs @y = PQcsm (YY)
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 =), E3 =), and GT = ).

B. Suction pipe (Y): it locates between the suction pipe () and the
suction pipe (V). The number of pipe is (NUPcsrsivy = V) and the
length to pipe (m) is assumed (PLcstsivy = *.°) discharge of pipe
(m'/s) is calculated from the following equation:

PQests 2y = PQcsts L (EYRY)

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 =), and GT =),

C. Suction pipe (¥): it connects directly with the pump after the suction
pipe (Y). The number of pipe in the service is (NUPcstsry = V) and

Y'Y
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the number of pipe out of the service is (NUOPcsrsr) = V) then the
total number is:
TNUPgs 3y = NUPgrg ) + NUOPgr 5 (YY)
The length of one pipe is calculated from the following equation:
Plesrs 3 = Dlesr L (EYE)
The discharge of pipe can be calculated from the following
equation:
PQcsts 3 = PQcst 2 (E.Y09)
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 =Y, and E% = ).

D. Delivery pipe (V): it connects directly with a pump and it is the same
as suction pipe (¥) 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 =Y, EA =), and ET = ).

E. Delivery pipe (Y): it locates after the delivery pipe (1) where the
alum solution is raised to the rapid mixing chamber. The number of
pipe is (NUPcstpy = V) and its length is calculated from the
following equation:

Plesm 2 = 0.5+ (Degr —0.1) + Dy + D +1.25 L(EYY)

The discharge of pipe (m'/s) is calculated from the following
equation:

PQusm () = PQusmm SHCAR)

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 =), TR =), GT =), and E =Y. The number

of pump in the service is (NUPUMP = V) and the number of pump out of

the service is (NUOPUMP =) then the total number of pump is:
TNUPUMP = NUPUMP + NUOPMP (BTN

YY)
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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:
TH esrrume = PHLests @ + PHLgsts (2 + PHLgsts 3 + PHLesro @ + PHLeso (2
L(EYY)
The required power of pump (m) is:
Hesr = THesrpume + TDRMC (YY)
With the efficiency A+ 7, the required power and the total power

can be calculated from Eq. (£.Y))) and Eq. (£.Y)Y), respectively:

0.163x 60 % Qcsrp X Hegre

Posre = (BT
CSTP 0.8 ( )

TP = Pop x NUPUMP AN

¢\ Y 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 1 ppm, then the
additional chlorine dose (kg/hr) is:

cps = Que x3 (BT
1000

In the designed computer program, the following assumptions are
adopt :
e The number of chlorine feeder in the service : NUC = ¥
e The number of chlorine feeder out of the service : NUOC =)
The total number of chlorine feeder in a pre-chlorination system is:
NUTC = NUC + NUOC (BN
The size of chlorine feeder is calculated from the following

equation:

_ NUTC
2

QC (£7)10)
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Chapter Five Results and Discussion

CHAPTER FIVE
RESULTS AND DISCUSSION

°.\ Input Data

The results of this chapter include two different cases of package

water treatment plants design by using (¢+, and Y+ +) m'/h as a capacities

with the following design criterias:

)

Y.

v

VY

Y'Y,

VY
V¢
Yo

V1

. Maximum temperature occur in (C°) is equal to €°° .

Minimum temperature occur in (C°) is equal to ©°.

. River water depth in (m) isequal to Vv .

. Minimum river water depth in (m) is equal to ° .
. River width in (m) isequal to Y- .

. River bottom width in (m) is equal to V- .

. Low lift pump station distance from the river shoulder in (m) is

equalto Y .

. Spacing between package unit in (m) is equal to ¥ .

. Distance from the last package unit to the sludge pit in (m) is equal

to)..

. Vertical distance between package units and low lift pump station

in (m) is equal V.® .

Spacing between package units and clear-back wash storage tank in
(m) isequal to V.

Vertical distance between clear-back wash storage tank and high
lift pump station in (m) is equal to V.2 .

Elevation of project from river in (m) is equal to Y.

Elevation of projectin (m) isequal to )+ - .

Net-work serve head in (m) isequal to ¥+ .

Net-work elevation in (m) is equal to 9.
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.Y 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.

°.Y.\Desgin Results of Rapid Mixing Unit

Table (¢.Y) lists the design data results of rapid mixing chamber
according to the designed capacities as shown in column (). Column (V)
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 (£).
Column (°) represents the retention time of the rapid mixing chamber
where this time is remained constant for these cases and stayed in the
acceptable limits (+.°-).2) min. Columns (%,Y,A, and 9) represent the
dimensions of the rapid mixing chamber where they are differed
according to the designed capacities. Columns ()Y,VY) represent the
dimensions of inlet of the package unit where these dimensions depend
on the dimensions of rapid mixing chamber. Columns (Y ¢,Ye, and V)
represent the dimensions of inlet and outlet opening of rapid mixing
chamber .

Table (°.Y) lists the design data results of rapid mixer where the
rapid mixing chamber contains one mixer as shown in column (%).
Columns (°,7, and V) 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 (A) represents the number of blades of
one mixer which is constant for all cases. Columns (%) represents the
width of blades which depends on the diameter of propeller. Column () +)
represents the required power of mixer which depends on the dimensions
of propeller and the rotational speed of mixer as shown in column (V).
Column (YY) represents the velocity gradient of mixing where it is in
acceptable limits (Y +-V v 0).

°.Y.Y Design Results of Flocculation Unit

Table (¢.Y) lists the results of flocculation basin design. Column
(Y) represents the passing discharge of package unit through the
flocculation basin. Column(¢) represents the number of flocculation basin
in package plant which is equal to the number of package unit. Column
(°) 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 (1,Y ,and A) 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 (%) represents retention time of one slow mixing chamber which
Is equalized for all slow mixing chambers in flocculation basin and in
acceptable limits (°-Y+) min. Columns () +,YY,)Y, and YY) represent the
dimensions of flocculation tank per one package unit which depend on
the design capacities and the dimensions of slow mixing chamber.
Column (1 ¢) 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 (°-Y+) min .

Table (°.¢) lists the design data results of the tapered slow mixer.
Columns (¢, and °) 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 (7, and V)
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 (Y+% of the slow mix chamber area).
Column (A) represents the required power for the first mixer. Column
() +) represents the velocity gradient of the first slow mixing where it is in
the acceptable limits (Y:-Y®)s”. Columns (1Y, and V) 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 (¢, and @) ) because the two mixing chambers have the
same dimensions. Columns (¥, and ) ¢) 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 (Y°,)7%, and V)
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 (A,%, and Y +) to increase the floc size .

°.Y.Y Design Results of Settling Unit
Table (¢.¢) 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 (¥,
and ¢). Columns (°, and 1) 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 (Y+-1+) m/h and the actual surface
over flow rate for the particles where is in the acceptable limits (Y-°) m/h
respectively. Column (V) represents the retention time for this chamber
with lamella plates where it is in acceptable limit (< Y min) for two
cases. Columns (A,3,)+,VY, and YY) represent the dimensions of settling
chamber where the width and length (columns (A, and %)) for this
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chamber are equal to the width of package unit. Columns (Y¥,) ¢ and ) °)
represent the dimensions of lamella plates in this chamber. Column () 1)
represents the number at lamella plates of the settling chamber. Column
(V) represents the spacing between the lamella plates where it is constant
in these cases and in the acceptable limits (+.+ ¢ < S av < *.)). Column
(YA) represent the angle of inclination for the lamella plates where it is
constant in these cases and in the acceptable limits (> ¢+ ). Columns ()4,
and Y+) represent the required and provided area for this chamber
respectively. In these cases, the provided area larger than the required
area.

Table (¢.%) lists the results data for the effluent channel (effluent
launder) of setting chamber with V-notch weir. Column (¥) represents the
discharge that passed through this channel where is equal to the discharge
of one package unit. Column (¢) 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 (°,1,V, and A)
represent the dimensions of the effluent channel. Column (%) represents
the slope of the channel. Column () +) represents the number of weir per
one channel where it is depended on the design capacities and the length
of effluent channel. Column () V) represents the width of weir where it is
constant for all cases. Column (Y) represents the height of V-Notch
weir. Column (YY) represents the loading weir where it is in the

acceptable limits (120 —380) for these cases.

m3
m.day
°.Y.¢ Design Results of Sludge Hopper

Table (¢.V) lists the results data of the sludge hopper. Column (¢)
represents the discharge of the sludge hopper where it is depended on the
discharge of one package unit. Column (°) represents the number of the
sludge hopper of one package unit where it is constant for all cases.
Column (1) represents the width of the sludge hopper where it is
depended on the discharge of one package unit (column (¥)). Column (V)
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represents the depth of the sludge hopper where it is constant for all
cases. Column (M) 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.

.Y.¢ Design Results of Sludge Pipes

Table (°.A) lists the design data results for the sludge pipes.
Column (¢) 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 (°) represents the diameter of
this pipe where it depends on the water discharge (column (%)), friction
factor (column (V)), velocity through this pipe (column (A)), and the head
loss of this pipe (column (2)). Column () +) 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 (YY,VY,..., and ) represent the appurtenances of sludge

pipe.

.Y." Design Results of Collection Unit

Table (¢.4) lists the design data results for the collection basin.
Column (£) represents the number of collection basin of package plant
where it depends on the design capacities. Columns (°,1,Y, and A)
represent the dimensions of collection basin where they depend on the
discharge of one package unit. Column (%) represents the retention time
of this basin and this time is assumed to be constant for all cases .

Table (°.Y+) lists the design data results for vertical over flow
pipe. Column (%) represents the number of pipe of collection basin.
Column (°) represents the diameter of this pipe where it depends on the
discharge that passed through this pipe (column (1)), the friction factor of
this pipe (column (V)), the velocity through this pipe (column (A)) and the
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head loss of this pipe (column (9)). Column () +) represents the length of
this pipe where it depends on the depth of collection basin and the
spacing between package unit. Columns (1Y, VY,..., and ) 4) represent the
appurtenances of this pipe .

°.Y.V Design Results of filtration Unit

Table (¢.1Y) lists the design data results of filter basin. Column (¢)
represents the number of filter basin of package plant where it depends on
the design capacities. Column (°) represents the filtration rate of filter

2
where it is in acceptable limit of rapid sand fitter (7—15)m—/h. Columns
m

(1,Y, and A) 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 (¢.VY) lists the design data results for the dimensions of
underdrain system. Columns (¢,%, and V) represent the length, the width,
and the block depth of underdrain system (Leopold type). These are
constant in all cases. Columns (A and %) 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 () +, and Y)) represent
the number and the diameter of control orifice of the block of Leopold
type respectively .These are constant in all cases. Columns (MY, and Y)
represent the discharge of orifice and control orifice of the block of
Leopold type during the filtration process.

Table (°.YY¥) lists design data results of the head loss that occurs
with filter run. Columns (2,7, and V) represent the head loss of the sand
media, the anthracite media, and the gravel media respectively. The
columns (A, and %) represent the head loss of orifices and the control
orifices of the underdrain system. Column () +) represents the total head
loss where it represents the height of water above the filter media.
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Table (¢.Y¢) lists the design data results of values of backwashing
rate as shown in column (A). 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 (%))
increases, therefore the expansion ratio also increases. In the design
equations, the relationships between the kinematics viscosity and the
fluidized velocity (column (°) 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 (%, and V) represent the Reynold numbers. Column (%)
represents the value of void ratio during the backwashing process ,it is the
nearest to a value of (-.Y) where the water is used for backwashing
process only (used in the present study). Columns (Y+)),)Y, and Y)
represent the expansion depth and the expansion ratio that occur through
the sand and anthracite medias respectively. Columns ()¢, and ‘°)
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 (Y+-Y+)% to produce good
backwashing where the water is used only.

Table (¢.Y¢) lists the design data results for the head losses which
occur with filter backwashing run. Column (¥) 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 °) is constant for all cases. Columns (1,V, and A) 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 ()+,YY, and ‘Y) 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 () Y) represents the pressure balance value between primary
feeder channel and the control orifices. These values are in acceptable
limit (<+.+)) to produce the required balancing. Column () £) represents
total static head of water above the bottom of filter basin where it
represents the height of wash water trough. Column () °) represents the
total pressure head that occur with filter backwashing run where it is in
acceptable limit (> Ym) to produce good backwashing of filter media.

Table (¢.V%) lists the design data results for wash water trough.
Column (°) represents the spacing between troughs. Column (1)
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 (V) represents the discharge of one trough
where it depends on the discharge of backwashing water. Columns (A,1,
and V) represent the width, depth, and the slope of the trough
respectively .

Table (°.VV) lists the design data results for backwashing pipes
system. Pipes system (V) represents the main suction pipe where it
connects with the storage tank. Pipes system (Y) represents the secondary
suction-delivery pipes. Pipes system (¥) represents the main delivery pipe
where it connects with the effluent pipe of filter. Column (¢) represents
the number of pipes in each pipes systems. Column (°) represents the
diameter of pipe where it depends on the discharge that passed through
this pipe (column (1)), the friction factor (column (V)), the velocity
through this pipe (column (A)), and the head losses (column (4)) for each
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pipes system. Column () +) represents the length of pipe where it depends
on the available spacing between package units and the storage tanks

Table (¢.YA) lists the design data results for backwashing pump.
Column (¢ and @) represent the number of backwashing pumps are in
service, and the pumps are out of service respectively. Column (1)
represents the discharge of each pump where it depends on the discharge
of backwashing water. Column (V) represents the total required pressure
head where it equals to the total head losses of backwashing pipes
system. Column (A) represents the required power of each pump

Table (¢.Y4) lists the design data results for backwashing waste
waster pipe where it connects with the backwashing trough. Column (%)
represents the number of pipe where it depends on the number of
backwashing trough per one filter of package unit. Column (°) represents
the diameter of pipe where it depends on the discharge of pipe (column
(1)), the friction factor (column (V)), the velocity of flow through this
pipe (column (A)), and the head losses of pipe (column (%)). Column () +)
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 (.Y ) lists the design data results of backwash procedure.
Column (¢) represents the discharge of backwashing water for each filter.
Column (°) represents the period of backwashing for each filter. Column
(1) represents the time of washing for the filter.

°.Y.A Design Results of Package Units

Table (¢.YY) lists the design data results of the package units.
Column (£) represents the number of package units in plant where it is
depended on the designed capacities. Column (°) represents the width of
package unit. Column (1) 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.
8.Y.9 Design Results of Low Lift Pumping Station

Table (¢.YY) lists the suction and delivery pipes for low lift pump.
Columns (Y, and ) represent the diameter of connection pipes between
the pumps where it depends on the discharge that passed through these
pipes. Columns (A, and ) 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 ()+) represents the
length of pipe where it depends on the available servicing area for low lift
pump station.

Table (°.YY¥) lists the design data results of low Ilift pump.
Columns (£, and @) 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 (Y)). Column (1) represents the
discharge of pump. Column (V) represents the total pressure head where it
equals to the head loss of suction-delivery pipes. Column (A) represents
the required power for each pump where it increases by increasing the
required pressure and the discharge that passed through the pump.

°.Y.\ + Design Results of Coagulation Solution Unit

Table (¢.Y¢) lists the design data results of coagulation solution tank.
Column (£) represents the discharge of coagulation solution tank per one
package unit where it depends on the design capacities (column (Y)) and
the discharge of one package unit (column (¥)). Columns (°, and 1)
represent the number of the tank are in service, and the tank are out of
service per one package unit respectively. Columns (V, and A) represent
the dimensions of the tank. Column (9) represents the retention time of
the tank and it was assumed constant for all cases. Column ()+)
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).
°.Y.) ) Design Results of Clear-Backwash Storage Unit

Table (°.Y @) lists the design data results of clear-backwash storage
tank. Column (%) represents the discharge of the storage tank where it
depends on the discharge of one package unit and the discharge of
backwashing water. Column (°) represents the number of the tank where
it equals to the number of package unit. Column (1,V,A, and ?) 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 (A)). Column () +) represents the retention time of the tack. It
assumes constant for all cases .

Table (¢.Y1) lists the design data results of the influent pipe of
clear-backwashing storage tank (effluent pipe of filter). Column (%)
represents the number of pipe where it equals to the number of package
unit. Column (@) represents the diameter of pipe where it depends on the
discharge that passed through this pipe (column (1)), the friction factor
(column (V)), the velocity through it (column (A)), and the head loss of
this pipe (column (%)). Column () +) represents the length of pipe where it
depends on the spacing distance between the package unit and storage
tank.
°.Y.) Y Design Results of High Lift Pumping Station

Table (¢.YV) 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 (V)), and the velocity through these pipes (column
(M) because the same discharge passes through these pipes (column (1))
and the same pipe length (column () +)). The head loss of the suction pipe
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Is more than the head loss of delivery pipe (column () 9)) because the
minor losses of the suction pipe is more than the delivery pipe (columns
(YY) ¢, and YA)). SS, represents the suction pipe system (V) where it
connects with the storage tank and it carries the water to the SSy. SSy
represents the suction pipe system (Y) where it carries the clear water
from SS, 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 (¢)) because the number of package unit equals to one .
Table (¢.YA) lists the design results of high lift pump. Columns (¢,
and °) represent the number of pump are in service, and the pumps are
out of service respectively where they depend on the design capacities
(column (Y)) and the number of package units. Column (1) represents the
discharge of one pump. Column (V) represents the total required pressure
head for one pump. Column (A) represents the required power of pump.

°.Y.\Y Design Results of Sludge-Overflow Channels

Table (¢.¥9) lists the design data results of the main and secondary
sludge-over flow channels. Column (°) represents the discharge of the
main and secondary channels where it is depended on the designed
capacities (column (Y)). Column (%) represents the number of channels
per plant where it depends on the designed capacities and the number of
package units. Column (Y,A,3,Y+ and Y)) represent the dimensions of the
channels. Column (YY) represents the slope of channels.

°.Y.\ ¢ Design Results of Chlorine Dosages

Table (.Y +) lists the design data results for pre and post chlorine
dosages. Column (¢) 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 (°) 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

1.Y Conclusions

The following conclusions are obtained:

V. 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.

Y. The design factors that was used in the designed computer program
(), and V+) are a suitable method to determine the number of
package units.

Y. The time required to run the computer program is very short (about
Y+ min) and this will assist to test the different design capacities
within the limits.

¢, The filtration rates are high ("Y.Y+% - YY.¥+7) m/h and the
backwashing rates are high too (V.49¢ - YAY£) 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.

©, The discharge of orifices and control orifices for underdrain
system(Leopold type) is not effected with variation of temperatures
during the filtration process.

1. The diameters of all pipes in the designed package water treatment
plants are standard and are between ()-) +)In where are applicated

in practice.
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1.Y Recommendations for Further Studies

The following recommendations may be taken in to consideration

for further studies:

)

. Development of a design computer program to design primary

settling basin with pipes system.

. 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.

. 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.

. Development a system to resist the hydraulic force that obtained in

the high lift pumping station.

. Development a design computer program by using additional

basins with caustic soda solution to correct the PH values of clear

water.

. 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 (¢.¢) : Design results of tapered slow mixing chamber
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Table (¢.¢) : Design results of settling chamber with lamella plates
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Table (¢.%) : Design results of effluent channel of settling chamber with VV-Notch weir
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Table (¢.V) : Design results of sludge hopper
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Table (¢. +) : Design results of vertical over flow pipe
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Table (.Y Y) : Design results of Head loss occur with fllter run
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Table (¢.V1) : Design results of wash water trough
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Table (.Y 9) : Design results of Backwashing waste water pipe
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Table (°.YY) : Design results of package units

Case | (S0 | 280U | NUpacy | "pac0 | Leacy
O T T | @ ¢) ()

aong) 123dvy)

UOISSNISID PUD STNSIY



A3

Y EYY

Table (¢.YY) : Design results of suction and delivery pipes for low lift pump

Connection
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Table (¢.YY) : Design results of Low lift pump
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Table (¢.Y¢) : Design results of coagulation solution tank
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Table (¢.Y¢) : Design results of Clear and backwashing storage tank
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Table (¢.Y1) : Design results of influent pipe of clear and back washing storage tank
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Table (°.YV) : Design results of suction and delivery pipes of high lift pump
Connection
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Table (¢.YA) : Design results of high lift pump
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Table (¢.Y4) : Design results of sludge and over flow channels (Trenches)

c Sc
Case | Q6P | Qracy | Channel (m'/s) | NUc Le | We De | TDc (m/m)
oy |\ | G ) | BT @) |y | Mo mm) o (m) 15y
(") (Y) (*) ™M ® @ 0

Secondary oY 1Yo \ Y€.4Y). AR AR + V4o Y&

\ o, o,
Maln DV_-LVD 3 \Y.0~V n\ﬁi ~.\V~ ~.\‘\O i\\/\/
Secondary \~Y.Vﬁ\' Y V\ﬁ\/\ ~'V~~ ~.\'\'~ ~.Vi° Y‘\W~

At Y )
Main Y~'1_~0V 3 \V_VY~ ~.Y‘\~ ~_V\~ ~.VY'° \.VY'Y

03\

Table (¢.Y+) : Design results of chlorine dosages
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Figure (¢.Y) : Plan of the hydraulic gradient for all basins of package plant with capacity 75%



REFERENCES




References

. Adams, Jeff and C. Bruce Bartley; (Y:++), "The EPA'S
Environmental Technology Verification Program for Packaged
Drinking Water Treatment Systems", Presented at the Small
Drinking water and waste water systems Conference, January, Y-
Yo, Y+« Phoenix, AZ.

. AL-Anbari, Riyad H.;(Y1dV), "Selected Alternatives for Up-
Grading Existing Water Treatment plants : a Quantitive &
Qulitative Improvement” , Ph. D. thesis , University of Technology
, Irag.

. AL-Majid Company; (Y++Y), "A Report with An Offer and
Detailed Design for Package Water Treatment Plant with Capacity

m3
ZOOT"’ Baghdad, Iraq.

. AL-Nakeeb, Aummr N.; (Y+++), "Computer Program for Water
Treatment Plant Design Including Itemization and Total Cost
Estimation", M. Sc. Thesis, University of Technology , Irag.

. Amirtharajah, A., & J.L. Cleasby; (14VY), "Predicting Expansion
of Filters During Back Wash™ , Journals of American Water Works
Association, 1€ ; eY-e4

. Amirtharajah, A., Clark , M. M.; and Trussel, R.R.; (Y44+),
"Mixing in Coagulation and Flocculation” American Water Works
Association Research Foundation , AWWA , Denever, Company.

. Amirtharajah, A.; (Y4VA), "Optimum Back washing for Sand
Filters", Journals of Environmental Engineering Div., Proc. Am.
Soc. Civil Engineering, Writed by Sanks; (Y 3A+).



AR

VY

\RE

)¢

\o

1

2

YA,

. Angele, Gustaue J., Sr.; (Y4V¢), "Cross Connections and Back

Flow Prevention"”, American Water Works Association, June, 1A :
YAY.

. ASCE, AWWA, CSSE; (Y4149), "Water Treatment Plant Design",

American Water Works Association, New York .

. Babbit, Harold E.; Doland, James J.; and Cleasby, Jahn L.; (Y21YV),

"Water Supply Engineering”, 1th edition , MCGRAW — HELL
International Book Company, USA.

.Barnes, D.; and Wilson, F.;(Y3AY), "Chemistry and Unit

Operations in Water Treatment”, Applied Science Publishers Ltd.,
ESSX, England .

.Barnes, D.; P. J.; Gould, B.W.; and Vallentine, H.R.; (Y3A)}),

"Water and Wastewater Engineering Systems", Pitman books

Limited London.

.Benefield, Larry D.; Judkins, Joseph F.; and Parr , A. David;

(Y4Ag),  "Treatment Plant Hydraulics for Environmental

Engineers"” , Prentice Hall, Inc., New Jersey.

.Brater, E. F., & King, H. W.; (Y4Y1), "Handbook of Hydraulics",

1th Edition, McGraw-Hill Company, New York .

.Camp, T. F.; (Y31), "Discussion-Experience with Anthracite

Filter", Journals of American Water Works Association, °Y :
YEVA-Y EAY.

.Camp, T. R.; (Y 92°). "Flocculation & Flocculation basins", Trans.,

Am. Soc. Civ. Eng. YY+, Y21,

Camp, T. R.; (Y3¢+) , "Lateral Spillway Channels", Transactions,
ASCE, )+:o, 1.7,

Chow, V.T.; (Y%21), "Open-Channel Hydraulics", McGraw-Hill
Book Company, New York.

Yo



)4

Y

Yy

Yy

Y¢

Yo

Y1

Yv

YA

.Culp, G., S. Hanson, and G. Richardson; (Y%1A), "High Rate

Sedimentation in Water Treatment Works", J. Am. Water work's
Assm, T+ TAYTAA

.ESMIL Inc., (Y3YA), "Instruction Manual for a Project of Water

Treatment Plant in Iraq", England .

.Fair, G. M., J. C. Geyer, & D. A. Okun; (Y3V)), "Elements of

Water Supply & Waste Water Disposal”, Wiley, New York.

.Goodrich, James et al, (Y 14°), "Package Plants for Small Systems

; Afield Study", AWWA Journal, November, Y44e PP, ¥4-£V,

.Hammer, Mark J.; (Y 9A7), "Water and waste water Technology",

Ynd Edition, John Wiley & Sons, Inc., New York.

.Hatch, L. P.; (3YY), "Fundamental Factors Governing The

Streamline Flow of Water Through Sand", Journals of American

water works Association, VVol., Yo, No. Y, PP. Yeo) |

.Hazen, A.; (Y4Y?), "The Filtration of Public Water Supplies", Ynd

Edition, John Wiley & Sons, New York, Writed by

(Tchobanoglous , George ; and Schroeder , Edward D.; Y3A®),

.Hansen, S. P. G. H. Richardson, and A. Hsiung; (}411%), "Some

Recent Advances in Water Treatment Technology", Paper
presented at the National Meeting of the Am. Inst-Chem., Eng.,

New Orleans, March, Y414,

.HDR Engineering Inc.; (Y++)), "Handbook of Public Water

Systems”, Ynd Edition, John Wiley and Sons, Inc. : New York,
NY.

.Hofkes E.H. (ed), L.Huisman, B.B.Sundaresan, J.M.De Azevedo

Netto and J.N.Lanoix; (Y3AY), ™ Small Community Water
Supplies”, Community Water Supply and Sanitation (IRC), Wiley,
Chichester.

Vo)



¥4

R

Yy

vy

Ye

Yo

A

v

YA

Y4

.Huisman, L.; (YA%), "Sedimentation and Flotation Mechanical

Filtration", TU Delft .

.Inflico Degremont Inc.; (Y:+Y), "Pulsapak® Package Potable

Water Treatment Plant”, Richmond, VA, Y+ V.

Jves, K.J; (V41¢), "Progress in Filtration”, Journal of American

water works Association, ©1:YYYo- ) YYY,

.Ives, K. J., and Bhole, A. G.; (Y4VY), "Theory of Flocculation for

Continuous Flow Systems", Journals of Environmental
Engineering Div., ASCE 19 : PP, YV-YV,

.John Meunier Inc.; (Y+++), "Package Plant for Water and

Wastewater Treatment", Canada .

Jullis, J.P.; (Y3A%), "Hydraulics of Pipelines : Pumps, Valves,

Cavitation, Transients ", Jobn Wiley and sons, New York .

.Kawamura, S.; (Y2V®), "Design & Operation of High-Rate Filters-

Part I. " Journal of American water works Association, 1V : eYe-
o0f¢.

.Kozeny, J.; (V4YV), "Uber Grundwasserbegung", Wasserkraft &

Wasserwirtschaft, Vol. YY, nos, €31V AN Writed by

(Tchobanaglous , George , and Schroeder , Edward D.; Y 3Ae),

. Livingstone, A.P.; (Y21A), "High-rate Clarification and Filtration

at The Buffalo Pound Filtration Plant”, Paper presented at the

Western Canada water and sewage conference, Calgary, Sept.

.Lincoln, David A.; (Y4V1), "Experience with Plastic Mains &

Services", Journal American Water Works Association, May,
TAYY,

.Morris, J., Robinson, R. J. and Wilson, D.; (%A:),

"Communication on Removal of Color, Iron, Manganese and
Aluminum from Acid Moorland Waters", J. IWES, Y¢, Y4),

VoY



&)

&y

¢y

¢¢

¢o

2

1A%

EA

€9

.National Drinking Water Clearinghouse (NDWC); (Y« +Y), "Tech

Brief-Pumps", West Virginia University Morgantown.

.Nishihara, Inc., (Y++)), "ACTTFLO Proposal for Drinking Water

Treatment in Irag”, Tokyo, Japan.

.O'Melia, C. R., & W. Stumm; () 41V), "Theory of Water Filtration"

., Journals of American Water Works Association, ¢4 : YY4Y,

.Howard S. Peavy & Donald R. Rowe ;('%A%),

"ENVIRONMENTAL ENGINEERING" McGraw-Hill, Inc.

.Popalisky, J. R.; (Y4V¢), "Experiences with Butterfly Valves",

Journals of American Water Works Association, 17 ; Y¢€4,

.Quaye, B.A & Isaias,N.P; (Y2A®), "Contact Flocculation —

Filtration of Low — Turbidity, Highly Colored Acid Moorland
Water", formerly research associate, Department of civil

Engineering ; Sheffield City Polytechnic .

.Reynolds, Tom D.; (Y3AY), "Unit Operation and Processes in

Environmental Engineering”, Wadsworth, Inc., Belmont,

California .

.Rose, H. E.; (Y4¢°), "An Investigation of The Laws of Flow of

Fluids Through Beds of Granular Materials", Proc. Institute of

mechanical Engineers, Vol. YoY PP. Y ¢),

.Sank, Robert L.; (Y3A+), "Water Treatment Plant Design for The

Practicing Engineer"”, Ann Arbor Science publishers, Ann Arbor,

Michigan.

.Schulz, Christopher R., and Okun, Daniel A.; (Y3A%), "Surface

Water Treatment for Communities in Developing Countries", John

wiley & sons, New York.

.Smethurst, George; (Y3AA), "Basic Water Treatment for

Application World-Wide", Ynd Edition, Thomas telford Ltd.,

London.

Yoy



o),

oy

oy

o¢

00

o1

oy

oA

o‘\_

Snow, W. B.; (Y%°1), "Recommended Residuals for Military

Supplies™, Journals of American Water Works association, ¢A | PP.
Yoy .-yoy ¢,

.Spilman, L. A., & J. A. Fitzpatrick; (Y4VY), "Theory of Particle

Collection Under London and Gravity Forces”, J. Coll. Interface
Sci., €Y ;T V-AYY Writed by Sank ; (Y4A+) .

.Steel, E. W.; and McGhee, Terence J.; (Y3V9), "Water supply and

sewerage", °th Edition , McGraw-Hill International book company
, USA .

.Syed. R. Qasim, Edward M. Motley, and Guang Zhu., (Y+*+),

"Water Works Engineering"”, CHIANG, PATEL & YERBY, Inc.,

Dallas, Texas.

.Tebbutt, T. H. Y.; (Y33A), "Principles of water quality control",

Butterworkh Heinemann.

. Tchobanoglous, George; and schroeder, Edward D.; ()4A9),

"Water Quality Characteristics — Modeling — Modification”
Addison — Wesley Publishing Company, Inc., USA .

.Vesilind, P.Aarne; and peirce , J. Jeffery; (Y 3AY), "Environmental

Engineering”, Ann Arbor Science Publishers, Ann Arbor,

Michigan.

.VEOLIA water Inc.; (Y++1) , "ACTIFLO® for The Ultimate

Clarifier", Saint-Maurice Cedex, France .
Zajic, J.E.; (Y 3AY), "Water Pollution Disposal and Reuse"”, Vol. Y.

Yot



