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ABSTRACT

Slow sand’ ﬁftratz'on is one ch the most eﬁpectz've Ju;ﬁce water treatment methods because (7[‘ its Jow cost and.. amfﬁaé}/ in

operation and maintenance egoecz’af& ﬁr rural areas in Jeveﬂ?]oinj countries.

In z;z[/;ati;zﬁer Wtﬁ?& method s used to treat water coming ﬁom z;%/- ‘gz;ft and z;%/- Fawwar springs transported

L‘/:"rouj/zdlj {Jm open canal.

?:E»Wever, above raw water turﬁlﬁg}/ of\.zo m pretreatment is required. Direct rouj/ﬁ'ﬂj ﬁ/tratz'on 61 mod;ﬁcation o]p
roujﬁ;’nj ﬁftration in which cocyufant is added to the inffuent water [gﬁvre ﬁftratz'on with the aim ?f tmproving Joartz'cﬁe

removaf) is a promising pre treatment method ﬁr slow sand’; ﬁftrtrtz'cm‘

Several J’ar tests were conducted in order to assess the (Zfatz'mum (Zjoeratz'nj conditions ﬁr rvuj/;inj ﬁfter to ﬁn([ the (Zptz'mum
cmyu[zmt dose needed to simulates cozyufatz'on and; ]%ccu/nrﬂicm  processes, up ﬂw‘ rouj/ﬁ'nj ﬁftero“ in fayenf 6, fz{}/enf) was
usedin this Jtuc[jl, cﬁﬁérent fkw‘ rates 6, 1. 5) and cozgufant doses 60 to 50 ) were gffﬁef to achieve the best way of‘ ertz'cfe

rerm O‘Vll[

The roujﬁz’njﬁﬁ‘er& e]ﬁffuent yuafz'@/ met the z'nﬂuent reguz'rement of«gcg Finthis Jtudj/ of‘/e.m‘ than 20 m imffyz'nj that
under the  given process conditions a ﬁftraticn rate (7[' 1.5 /by ando. 5 /by - produces a good results without addition ofv any

cfemica/wit[turﬂﬁy range 20 to 100 m

Jt was observed that cotguftrtz'(m in roujlfinj ﬁftrtrbz'on could be (;ﬁ%dz'vene&f with more than 100 mctmaf tur[fz’zlz’ty.



The results of‘ this Jtu{}/ also skowed a ﬁé’jﬁ Jaoffutet[ o]v Totaf and Fecal co/z'férm bacteria (:1][‘ raw water open can af due to a

t[ifférent Jmf/ution sources.
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CHAPTER 1

INTRODUCTION

1.1 Background

Agbat Jaber Refugee Camp is located at Wadi Al Qilt area 3km southwest of Jericho
city. There are more than 6804 inhabitants living in the camp. The socio-economic
conditions in the camp are extremely harsh and the people are living in primary
conditions and simple houses. Limited water supply is a significant problem for the
refugee camp. The UNRWA supervises the camp and responsible for the water supply
and has to take the required actions in case of any disruption of water supply. The
estimated average daily demand of the camp is rated at 817 m*/day assuming water

consumption of 120 1/c/d and 20% unaccounted for water.

The water supply system to the camp consists mainly of springs, conveying open
canal, treatment plant, and distribution network. In case water supply system fails to
provide good water quality, an alternative, but more expensive, is available from
Mekorot (Israeli Water Supply Company). The main springs feeding the water supply
system are Al Fawwar and Al Qilt springs (Figure 1). The water reaches the treatment

plant very polluted and with high Turbidity during the period of November to March.

Daghrah, (2005) conducted astudy to assess the pollution sources.It was found that
the soil eroded by rainwater runoff, algae grow along the open canal during summer
time and vegetations grow near the canal edges are the main cause of canal pollution
and turbidity increased. High SUVA (Specific Ultra Violet Absorption) values have
been recorded (more than 2 1/mg-m) for the raw water which indicates high organic

content (Daghrah, 2005).

It 1s worth to mention that the slow sand filter of the treatment plant was rehabilitated
during the year 2006; the underlying layers and mechanical system were changed. An
automatic on line turbidity meter has been installed to drain the polluted water
(reading turbidity over 20 NTU) to the irrigation canal during the rainy season. This

means that reduction of the turbidity by adding a pre-treatment unit is recommended



to enable continuous and effective function of the treatment plant and to increase the

water quantity feeding the camp.

To have a good water quality slow sand filtration applied as surface water treatment
which is particularly effective to have a good water quality. However, efficient
application of the treatment process requires water of low turbidity. Hence pre-
treatment of the surface water is usually necessary. For slow sand filtration,
pretreatment is essential if the raw water has a turbidity of more than 20 NTU
(Wegelin and Boller, 1991). The selection of the most suitable type of pretreatment for
a particular design should be made on the basis of field investigations, in which

samples are taken to determine variations in raw water characteristics.

The main problem is the intermittent water supply to the camp as the water treatment
plant (WTP) is taken out of operation when the source of water has poor quality
(turbidity more than 20 NTU). Consequently, there is no more water for treatment,
and then no water supply for domestic use. This requires pretreatment stage to
eliminate the turbidity, increase the efficiency of the WTP and then to ensure

continuous operation of the plant and then permanent water supply to the camp.

This technology must satisfy the economical factor and not require a high personnel
skill for operation. Here a particular experience should be carried out in WTP, which
is an interesting example to apply adequate technology for each particular situation

and also as an example of transfer of knowledge from a university to the community.
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Pre-treatment of surface water for reduction of turbidity or solid-matter concentration
is required. Several treatment processes are used for solid removal like sedimentation,
coagulation flocculation, up flow roughing filters. Sedimentation will remove the
settleable and part of the suspended solids. Smaller Particles will hardly be separated
and that make SSF not work properly. In such situation, sedimentation is enhanced by
addition of chemicals. Pre-treatment using roughing filters are simple and more

efficient low tech/cost solutions (Wegelin, 1996).

Up-flow roughing filters can be used to reduce the turbidity levels in raw water to
ease later treatment problems. The filters hight, number, type and size of media,
number of layers needed, filtration rate, flow rate, etc all these were considered in this

study.

Roughing filters are often built in tanks with a number in series (each tank being a
stage) or in parallel, using progressively less coarse media in each tank. Raw water
quality will determine how many stages, i.e. how many roughing filter tanks will be
required. The more stages used (usually no more than three) the greater the cleaning
effect on the water. If the water is fairly clean, a single stage filter, or one with three
different sized media layers in one tank may suffice (Collins, 1994). However pilot
plant studies run on a model scale will give the best results for design of the system

and these trials should also take into account seasonal variations in water quality.



1.2 Objectives

Water supply to the camp decreases during the rainy season especially from
December to March because water coming from the open canal becomes polluted and
turbid. The WTP becomes out of operation when the source of water has poor quality
(turbidity more than 20 NTU). Consequently, there is no more water for treatment,
and then no water supply for domestic use. This requires pretreatment stage to reduce
the turbidity which is the main aim of this study, and to increase the efficiency of the
WTP and then to ensure continuous operation of the plant to increase water supply to

the camp.

This technology must satisfy the economical factor and not require a high personnel

skill for operation, because of that up flow roughing filters might be the best choice.

The main objectives of this study are :

* To define the optimum dose of FeCl; coagulant for different raw water turbidities
using the jar test.

* To find suitable design parameters for the pretreatment up-flow roughing filters
using pilot scale tests like filtration rate, and assess the efficincy of filters in
removal turbidity on diffirent filtration rate.

* To study the effect of Coagulant on turbidity elamination on roughing filtration
process after being mixed with raw water (polluted water from canal) and to
investigate the suitable dose needed for this process

* To asses the effect of roughing filter on Total and Fecal coliform removal and type

of canal pollution.



CHAPTER 2
LITERETURE REVIEW

2.1 Coagulation

2.1.1 General

Water to be supplied for public use must be potable i.e., satisfactory for drinking
purposes from the standpoint of its chemical, physical and biological characteristics.
Drinking water should be obtained from a source free from pollution. The raw water
normally available from surface water sources is, however, not directly suitable for
drinking purposes.

The objective of water treatment is to produce safe and potable drinking water. Land
erosion, dissolution of minerals, decay of vegetative matter, domestic human wastes,
and animals wastes are the major sources of surface water pollution. These materials
in water may comprise suspended, dissolved organic or inorganic matter and

numerous of biological forms (Wegelin, 1996).

Chemical precipitation or coagulation and flocculation with various salts of aluminum,
iron, lime and other inorganic or organic chemicals are widely used processes to treat
water for the removal of colloidal particles (turbidity) and microbes. Although alum
and iron salts are the most widely used chemical coagulants for community drinking
water treatment, other coagulants have been and are being used (Letterman and

O’Melia, 1999).

Chemical coagulation-flocculation enhances the removal of colloidal particles by
destabilizing them, chemically precipitating them and accumulating the precipitated
material into larger "floc" particles that can be removed by gravity settling or filtering.
Flocculation causes aggregation into even larger floc particles that enhances removal

by gravity settling or filtration (Letterman and O’Melia, 1999).



Optimum coagulation to achieve maximum reductions of turbidity and microbes
requires careful control of coagulant dose, pH and consideration of the quality of the
water being treated, as well as appropriate mixing conditions for optimum
flocculation. Lack of attention to these details can result in poor coagulation

flocculation and inefficient removal of particles and microbes (Wegelin, 1996).

Under optimum conditions, coagulation-flocculation and sedimentation with alum and
iron can achieve microbial reductions of >90 to >99% for all classes of waterborne
pathogens (Sproul, 1974, Leong, 1982, Payment and Armon, 1989). However, poor
microbial reductions occur (<90%) when coagulation-flocculation or precipitation

conditions are sub-optimal (Ongerth, 1990).

2.1.2 Purpose of Coagulation

Untreated surface waters contain clay, minerals, bacteria, inert solids, microbiological
organisms, oxidized metals, organic color producing particles, and other suspended
materials. Some of the microbiological organisms can include Guardia cysts,
pathogenic bacteria, and viruses. Oxidized metals include iron and manganese. All of
these materials can inhibit disinfection, cause problems in the distribution system, and
leave the water cloudy rather than clear. The purpose of coagulation is to remove

these particles (Wegelin, 1996).

Turbidity particles can range in size from molecular to 50 microns. Particles which
are greater than one micron in diameter are considered silt, and settle out due to their
relatively large size and density without the need to coagulate in a matter of seconds
or minutes. Colloidal material ranges in size from 0.001 to one micron in diameter.

These materials require days to months for complete settling (Boller, 1991).

The rate of settling of these colloidal particles must be increased in the water
treatment process. This is accomplished in the coagulation process when tiny particles
agglomerate into larger, denser particles which will settle more quickly (Letterman

and O’Melia, 1999).

2.1.3 Coagulation Process



Coagulation is accomplished by the addition of ions having the opposite charge to that
of the colloidal particles. Since the colloidal particles are almost always negatively
charged, the ions which are added should be cations or positively charged. The
coagulating power of an ion is dependent on its valence or magnitude of charge. A
bivalent ion (+2 charges) is 30 to 60 times more effective than a monovalent ion (+1
charge). A trivalent ion (+3 charges) is 700 to 1000 times more effective than a

monovalent ion (Gregory and Carlson, 2003).

Typically, two major types of coagulants are added to water. These are aluminum salts
and iron salts. The most common aluminum salt is aluminum sulfate( alum). When
aluminum sulfate is added to water, the aluminum ions enter into a series of
complicated reactions. The aluminum ions become hydrated, meaning that water
molecules attach themselves to the aluminum ions. In addition, anions present in the
water, such as hydroxide and sulfate ions can attach to the aluminum ions. These
reactions result in large, positively charged molecules having aluminum ions at their
center. These particles may have charges as high as +4. Following these reactions, a
second type of reaction occurs, called Olation. This reaction involves the bridging of
two or more of these large molecules to form even larger, positively charged ions. A
typical molecule can contain eight aluminum ions, twenty hydroxide ions, and will
have a +4 charge. Iron salts behave in a similar manner when added to water (Gregory

and Carlson, 2003).

Once these large polymeric aluminum or iron compounds are formed, the magnitude
of their high positive charge allows these species to rapidly move toward the colloid,
where they are adsorbed onto the negatively charged surface of the turbidity particle.
The coagulant compounds can penetrate the bound water layer because of their high
positive charge. This rapid adsorption results in the compression of the electrical
double layer, and results in the colloid becoming coated with the coagulant
compounds. The net result of this process is that the electrical charges on the particle
are reduced. The suspension is now considered to be destabilized, and the particles
can be brought together through, among other forces, Brownian movement, and will

be held together by the Van der Waals forces. As the coagulation reactions and



destabilization are occurring, the Zeta Potential at the surface of the colloid is also

found to be reducing (Gregory and Carlson, 2003).

2.1.4 Zeta Potential

To visualize the environment surrounding a charged colloidal particle and
demonstrate how the repulsive force, as well as, the ionic concentration varies with
distance; a double layer model is normally used. At the surface of the negative
colloidal particle a layer of positive ions will form. This layer of positive ions is
known as the Stern layer. More positive ions will be attracted by the negative colloid
but they are partially repelled by the positive Stern layer. Conversely to the
distribution of positive ions is the distribution of negative ions, i.e. very few at the
colloid surface and increasing with distance until equilibrium is reached. The region
in which the positive ions are decreasing and the negative ions are increasing, hereby
reaching the bulk equilibrium concentration, is called the diffuse layer. The potential
at the junction of the Stern layer and the diffuse layer is known as the Zeta potential.
Zeta potential is a tool used for coagulation control because changes in Zeta potential
indicate changes in the repulsive force between colloids. The Stern layer and the
charged diffuse layer are referred to as the double layer (Figure 2.1). The thickness of
the double layer depends upon the concentration of the ions in solution. A higher level
of ions means more positive ions are available to neutralize the negative charge of the
colloidal particle, and in turn a thinner double layer leading to an increased
probability of intimate contact or collision between collide particles and hence
coagulation or colloidal particle growth. On the other hand, a decrease in the ionic
concentration reduces the number of positive ions resulting in a thicker double layer

leading to increased dispersion (Gregory and Carlson, 2003).
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Figure 2.1: The electrical double layer (Zeta-Meter, 1993)

2.1.5 Factors Influencing Coagulation

pH

The pH range in which a coagulation process occurs may be the single most
important factor in proper coagulation. The vast majority of coagulation problems are
related to improper pH levels. Whenever possible, coagulation should be conducted in
the optimum pH zone. When this is not done, lower coagulation efficiency results,
generally resulting in a waste of chemicals and a lowered water quality. Each of the
inorganic salt coagulants has its own characteristic optimum pH range. In many
plants, it is necessary to adjust the pH level in the coagulation process. In most cases
this involves the addition of lime, caustic soda, or soda ash to maintain a minimum
pH level. In some cases, however, acids may be necessary to lower the pH level to an

optimum range (Budd et al., 2004).
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salts

Since no natural waters are completely pure, each will have various levels of cations
and anions such as calcium, sodium, magnesium, iron, manganese, sulfate, chloride,
phosphate, and others. Some of these ions may affect the efficiency of the coagulation
process. Generally, mono and divalent cations such as sodium, calcium, and
magnesium have little or no effect on the coagulation process. Trivalent cations do not
have an adverse effect on the process in most instances. In fact, significant
concentrations of naturally occurring iron in a water supply has resulted in the ability
to feed lower than normal dosages of inorganic salt coagulants.

Some anions can have a more pronounced effect. Generally, monovalent anions such
as chloride have little effect on the coagulation process. As the concentration of the
divalent anion sulfate in a water supply increases, the optimum pH range of the
inorganic salt coagulants tends to broaden, generally toward the lower pH levels.

(Pernitsky and Edzwald, 2006).

Mixing

Poor or inadequate mixing results in an uneven dispersion of the coagulant.
Unfortunately, many older plants were designed with mixing facilities which
generally do not accomplish mixing in the most efficient manner. As a result, it
becomes necessary to use higher than necessary dosages of coagulant to achieve an
optimum level of efficiency in the process. The effects of low turbidity and cold water
temperatures can tend to aggravate the lack of adequate mixing facilities in some

plants (Chichuan et al., 2002).

Nature of turbidity

Fine, colloidal material may be present in the supply, which may cause some
difficulty in the coagulation process. Generally, higher turbidity levels require higher

coagulant dosages. However, seldom is the relationship between turbidity level and
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coagulant dosage linear. Usually, the additional coagulant required is relatively small
when turbidities are much higher than normal due to higher collision probabilities of
the colloids during high turbidities. Conversely, low turbidity waters can be very
difficult to coagulate due to the difficulty in inducing collision between the colloids.
In this instance, floc formation is poor, and much of the turbidity is carried directly to
the filters. Organic colloids may be present in a water supply due to pollution, and
these colloids can be difficult to remove in the coagulation process. In this situation,

higher coagulant dosages are generally required (Pernitsky and Edzwald, 2006).

Water temperature

Cold water temperatures can cause two factors which add to the difficulty of the
coagulation process. As water temperatures approach freezing, almost all chemical
reactions occur more slowly. It can be more difficult therefore to evenly disperse the
coagulants into the water. As a result, the coagulant process becomes less efficient,
and higher coagulant dosages are generally used to compensate for these effects. In
addition, floc settling characteristics become poor due to the higher density of the

water during near freezing temperatures (Pernitsky and Edzwald, 2006).

Coagulant type

The choice of the proper coagulant for the given conditions is of critical importance in
maintaining an efficient coagulation scheme under widely varying conditions. The
chemicals most commonly used in the coagulation process are aluminum sulfate

(Alum), ferric chloride, ferric sulfate, and cationic polymers (Budd et al., 2004).

2.1.6 Metal Coagulants

Aluminum Sulfate and ferric chloride the most commonly used coagulant aluminum
Sulfate is also known as alum, filter alum, and alumina sulfate. Alum is the most
widely used coagulant. Alum is available in dry form as a powder or in lump form. It
can also be purchased and fed as a liquid. Alum has no exact formula due to the
varying water molecules of hydration which may be attached to the aluminum sulfate
molecule. Once in water, alum can react with hydroxides, carbonates, bicarbonates,

and other anions as discussed previously to form large, positively charged molecules
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carbon dioxide and sulfate are generally byproducts of these reactions. During the
reactions, alum acts as an acid to reduce the pH and alkalinity of the water supply. It
is important that sufficient alkalinity be present in the water supply for the various

reactions to occur (Sobsey, 2002).

Alum can be effective in the pH range of 5.5 to 7.8, but seems to work best in most
water supplies in a pH range of 6.8 to 7.5. Below a pH range of 5.5, alkalinity in the
water supply is generally insufficient. The aluminum ions become soluble rather than
insoluble and do not participate in the hydration and olation reactions necessary to
make the alum effective as a coagulant. In these instances the plant may experience
higher than normal filtered water turbidities, and much of the aluminum will pass
through the filters. When the pH level of the water is above 7.8 after the addition of
the alum, the aluminum ions again become soluble, and the efficiency of coagulation
is decreased. Under these conditions, aluminum ions again penetrate the filters, and
post filtration alum coagulation can occur in the clear well and in the distribution

system in some cases (Sobsey, 2002).

Traditionally, ferric chloride has not been used widely as a coagulant, but this trend is
not continuing. Ferric chloride is becoming more extensively used as a coagulant due
partially to the fact that the material can be purchased as a liquid. Ferric chloride may
also be purchased as an anhydrous solid. Liquid ferric chloride is highly corrosive,
and must be isolated from all corrodible metals. Like ferric sulfate, ferric chloride
exhibits a wide pH range for coagulation, and the ferric ion does not easily become
soluble. As a result, many plants are replacing alum with ferric chloride to eliminate
the penetration of aluminum ions through the plant filters. Ferric chloride also reacts
as an acid in water to reduce alkalinity. Table 2.1 show chemical coagulants for water

treatment and their advantages, disadvantage and costs (Sobsey, 2002).
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Table 2.1 Chemical coagulants for water treatment and their advantages, disadvantage
and costs (Sobsey, 2002).

Coagulant Community/Ho | Advantages Disadvantages Cost* Comments
usehold Use
Alum (aluminum Yes/rare- Community use | Difficult to Mod- Proper use
sulfate, etc.), alum mocderate common; simple | optimize without erate? | requires skill
potash technology training and
equipment
Iron salts (ferric Yes/rare Same as Alum Same as Alum Mod- Proper use
chloride or sulfate) erate? | requires skill
Lime (Ca(OH.)), Yes/rare- Same as Alum Same as Alum; Mod- Softeners; not
lime+soda ash moderate pH control and erate applicable to
(NayCO3), caustic neutralization a to many waters
soda (NaOH) problem; high?
hazardous
chemicals
Soluble synthetic Yes/no-rare Improve Same as Alum; High Use with
arganic polymers coagulation with | hard to dose; other
alum and iron need training & coagulants;
salts equipment; limited
hazardous availability
chemicals
Natural polymers Rare/Yes Effective, Source plant Low Traditional
(carbohydrates) from | (in some available and required; training use based on
seeds, nuts, beans, developing culturally and skill required; historical
etc. countries) accepted in cultural practices
some places acceptability; may
be toxic

"Estimated Annual Cost: low is <US$0.001 per liter, moderate is 0.001-0.01% per liter and high is >0.01
per liter (corresponds to about <US$10, $10-100 and >$100, respectively, assuming household use of
about 25 liter per day)

2.2 Flocculation
Flocculation is widely employed in the purification of drinking water as well as

sewage treatment, storm water treatment and treatment of other industrial wastewater
streams. Flocculation refers to a process where a solute comes out of solution in the
form of floc or "flakes." The term is also used to refer to the process by which fine
particulates are caused to clump together into floc. The floc may then float to the top
of the liquid, settle to the bottom of the liquid or can be readily filtered from the liquid
(Zeta-Meter, 1993).

The terms flocculation and coagulation are sometimes used interchangeably.
However, it is more accurate to use the term coagulant for a chemical that contributes
to molecular aggregation, rather than particular aggregation. Usually dissolved
substances are aggregated into microscopic particles by a coagulant and then these
particles may be flocculated into a macroscopic floc with a flocculent. In general,

coagulants will have higher net charge and a lower molecular weight than flocculants.
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Flocculation refers to the successful collisions that occur when the destabilized
particles are driven toward each other by the hydraulic shear forces in the rapid mix
and flocculation basins. Agglomerates of a few colloids then quickly bridge together

to form microflocs which in turn gather into visible floc masses (Zeta-Meter, 1993).

2.2.1 Bridging

Bridging occurs when a coagulant forms threads or fibers which attach to several
colloids, capturing and binding them together (Figure 2.2). Inorganic primary
coagulants and organic polyelectrolyte’s both have the capability of bridging. Higher
molecular weights mean longer molecules and more effective bridging. Bridging is
often used in conjunction with charge neutralization to grow fast settling and/or shear
resistant flocs. For instance, alum or a low molecular weight cationic polymer is first
added under rapid mixing conditions to lower the charge and allow microflocs to
form. Then a slight amount of high molecular weight polymer, often an anionic, can
be added to bridge between the microflocs. The fact that the bridging polymer is
negatively charged is not significant because the small colloids have already been

captured as microflocs. (Zeta-Meter, 1993)
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Figure 2.2: Bridging that each polymer chain attaches to many colloids (Zeta-Meter,
1993).

2.2.2 Flocculation Process
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Flocculation is a time-dependent, slow process that directly affects clarification
efficiency by providing multiple opportunities for particles suspended in water to
collide through gentle and prolonged agitation. The process takes place in a basin
equipped with a mixer that provides gentle agitation. This agitation must be thorough
enough to encourage inter-particle contact but gentle enough to prevent disintegration
of existing flocculated particles. Effective flocculation is important for the successful
operation of the sedimentation process (Zeta-Meter, 1993).

Once the negative charges of the suspended solids are neutralized, flocculation
begins. Charge reduction increases the occurrence of particle-particle collisions,
promoting particle agglomeration. Portions of the polymer molecules not absorbed
protrude for some distance into the solution and are available to react with adjacent
particles, promoting flocculation. Bridging of neutralized particles can also occur
when two or more turbidity particles with a polymer chain attached come together. It
is important to remember that during this step, when particles are colliding and
forming larger aggregates, mixing energy should be great enough to cause particle
collisions but not so great as to break up these aggregates as they are formed. (Zeta-
Meter, 1993)

In some cases flocculation aids are employed to promote faster and better
flocculation. These flocculation aids are normally high molecular weight anionic
polymers. Flocculation aids are normally necessary for primary coagulants and water
sources that form very small particles upon coagulation (Zeta-Meter, 1993). A good
example of this is water that is low in turbidity but high in color (colloidal

suspension).
2.3 Roughing Filtration

Previous studies have demonstrated the importance of physico-chemical Filtration
(primarily the transport of suspended particles to filter media by sedimentation) for

particle removal in roughing filtration.

This section summarizes the current understanding in roughing filtration, including a
description of 1) roughing filtration in comparison to other granular filtration
methods, 2) the primary mechanisms by which suspended solids are removed in

roughing filtration and the key parameters governing particle removal, and 3) the two
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approaches used to model particle removal in roughing filtration. Findings from

recent studies in roughing filtration are also provided.

2.3.1 Classification of granular filtration methods

The size of filter media, the hydraulic loading rate, and the length of the filter bed in
the direction of flow are key design parameters in granular filters (Wegelin, 1987,
Collins, 1994). Table 2.2 presents the typical design features of a roughing filter as

well as those of other common granular filtration methods.

Table 2.2: Classification of granular filters (Collins, 1991; Wegelin, 1996).

Filter Media Size Hydraulic Loading Rate Filter Length
Filter Type {mm) {mv/hr) {m)
Intake 6—40 2-5 1
Dyynamic 4-12 0E—-1 0s
Roughing 2-26 03-15° 3—4.5;c—12”
Rapid Sand 05-4 5-15 -
Slow Sand 015-1° 0.04-04 06-12°

a rates above 1.0 are typically associated with horizontal roughing filters (HRFs)

b shorter filter lengths are associated with vertical roughing filters, longer depths with
HRFs

c size typically between 0.35 - 0.15 mm

d does not include under drain gravel support, typically between 0.3 - 0.5 m in length

2.3.2 Roughing filter configurations

Roughing filters are generally either:-

1) A large compartment filled with successive layers of filter media decreasing in size
in the direction of flow.

2) Multiple compartments connected in series, each filled with one media size. Water
flow through the filter can be either horizontal or vertical.

Figure 2 shows three examples of roughing filters, including a horizontal roughing
filter (HRF), a down flow roughing filter in series (DRFS), and an up flow roughing
filter in series (URFS).
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Figure 2.3: Roughing filters (Collins, 1994).

2.3.3 Roughing filter design parameters

2.3.3.1 Filter media size

Media types commonly used in roughing filtration are quartz sands and gravels but
can be replaced by any clean, insoluble, and mechanically resistant material (Graham,
1988). Previous work by Wegelin (1987) showed that the effect of surface porosity
and roughness of filter media on particle removal efficiency in roughing filtration was
insignificant compared to the size and shape of macro-pores in the filter. Rockledge
and Ketchum (2002) studied the removal efficiencies in calcite limestone, basaltic
river rock, and limestone-amended basalt horizontal roughing filters and found only
marginally improved efficiency (7%) for calcite amended basalt filters over unaltered

filters. Improved removal efficiencies are generally correlated to smaller media sizes

(Wegelin, 1987; Collins, 1994).

The use of multiple grades of filter media in a roughing filter promotes the penetration
of particles throughout the filter bed and takes advantage of the large storage
capacities offered by larger media and high removal efficiencies offered by small

media. The size of filter media decreases successively in the direction of water flow,
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and ideally the uniformity of filter media fractions is maximized to increase filter pore
space (storage capacity) and aid in filter cleaning (Boller, 1993).

Common grades of media used in roughing filters are provided by Wegelin (1996) and
shown in Table 2.2.

Table 2.3: Typical media grades used in roughing filtration (Wegelin, 1996).

Roughing Filter Filter Media Size (mm)
Description 1stfraction | 2nd fraction | 3rd fraction
Coarse 24 -16 18-12 12-8
Normal 18-12 12-8 4-8
Fine 12-8 8-4 4-2
2.3.3.2 Hydraulic loading
rate

Because sedimentation represent a key filtration mechanism in roughing filtration
(Wegelin, 1987), operation of roughing filters under laminar flow conditions is
essential to maximize removal efficiencies. Flow conditions are described by the
Reynold’s number, which can be calculated through a porous medium by the

following equation (Wegelin, 1996):

Re=(vdc) /v

Where, v = hydraulic loading rate (m/s)
dc = collector (media) diameter (m)
v = kinematic viscosity = 1.004 x 10-6 m2/s at 20°C

Laminar flow, characterized by consistent fluid motion, occurs at small Reynolds
numbers (Re <10). Turbulent flow, characterized by random forces producing eddies
and vortices, occurs at large Reynold’s numbers (Re >100). A transition zone occurs
where the Reynold’s number is between 10 and 100. Figure 2.4 shows the different
combinations of hydraulics loading rate and collector diameter (at 20°C) that result in

a Reynold’s number equal to 10.
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Figure 2.4: Relationship between Reynolds number and different combination
hydraulic loading rate and collector (media) diameter (Wegelin, 1987; Collins, 1996).
Previous studies have shown that improved removal efficiencies are correlated to

slower hydraulic loading rates when flow in laminar (Wegelin, 1987; Collins, 1996).

2.3.3.3 Filter length

Improved cumulative removal efficiencies are typically correlated to longer filter
lengths (Wegelin, 1987; Collins, 1994). However, incremental removal efficiencies
tend to decrease with increasing filter length due to the preferential removal of larger
particles early in the filter (Wegelin, 1996). The rate of decline is dependent on filter
design variables and the size and nature of particles in suspension. The use of
different media sizes may allow for treatment targets to be met by a shorter filter with
multiple media sizes compared with long filter packed with one media size, as

illustrated in Figure 2.3.
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Figure 2.5: Significance of filter length (and media size) in roughing filtration
(Wegelin, 1996).

2.3.4 Roughing filter operation and maintenance

The treatment performance of a roughing filter over time can be divided into two
phases (Collins, 1994). The first phase represents a period when the particle removal
efficiency remains relatively constant (steady-state) with increasing solids deposition,
whereas the second phase represents a period of decreasing removal efficiency due to

increasing particle deposition in, and penetration through, the filter.

Particle removal efficiency and particle penetration play a key role in determining
filter run lengths. During a filter run, particles in a horizontal roughing filter (HRF)
drift deeper in the direction of flow and also downward by gravity ( Wegelin, 1996).
Unlike in a HREF, particle drift in VRFs occurs only in the direction of water flow
allowing for deeper penetration of particles in the filter and generally shorter filter run

lengths (Collins, 1994).

The end of a filter run is typically determined when the quality of filter effluent
deteriorates due to increasing solids deposit until minimum water treatment targets are
exceeded. Drainage facilities located at the base of roughing filter compartments

allow for rapid down flow drainage, a common maintenance procedure used to
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remove solids accumulated in the filter at the end of a filter run cycle (Galvis et al.,

1996).

Increases in filter resistance or head loss are typically small (<5cm) in roughing
filtration due to the relatively coarse filter media used and low hydraulic loading rates
applied (Wegelin, 1996). A condition, whereby actual head loss exceeds the available
head loss prior to decreases in removal efficiency (i.e. the filter storage capacity is not
exhausted before filter cleaning is required) signals the need to re-evaluate the filter

design.

2.3.5 Important of suspension characteristics in roughing
filtration

2.3.5.1. Size and density distribution of solid matter

Knowledge of the sizes and densities of solids in suspension is critical to predicting
particle removal efficiencies in roughing filtration (Boller, 1991). Figure 2.6 shows

the range of solid matter commonly found in natural surface waters.
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Figure 2.6: Range of sofid matter commeonly found in natural surface waters (Boller,
1991).

Prior to roughing filtration, large floating solids are typically removed by screening
methods, and solids greater than about 20 um can be separated from solution
effectively using sedimentation methods. Remaining solids in suspension (suspended
mineral and organic solids, algae, bacteria, viruses, and colloids) are thus the most

commonly removed solids in roughing filtration (Wegelin, 1991).
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2.3.5.2 Influence of water chemistry on solid surface-chemical properties

The chemistry of the water in which particles are suspended effects particle removal
efficiency in roughing filtration, particularly for particles <10 um (Boller, 1991).
Particles in solution will develop a charge due to 1) the adsorption of ions from
solution, 2) dissolution of ions from the solid lattice into solution, and/or 3) ionization
of surface groups (Hunter, 1981). A particle’s charged surface attracts ions in solution
of opposite charge and creates a charge (or potential) distribution into the bulk
solution, the sign and magnitude of which is commonly measured as electrophoresis
mobility or zeta potential of the particle. The distribution of charge on the solid
surface is called the electrical double layer. When two particles approach, their
electrical double layers cause the particles to repel one another. However, if the
repulsion can be overcome, then particles will be attracted by van der Waals attractive
forces, resulting in particle flocculation and increased particle settling rates (Hunter,
1981).

Increasing solution ionic strength increases particle flocculation rates and particle
removal efficiency in granular filtration (Yao, ef al. 1971). In freshwater, particles
(e.g. clay minerals and organic matter) develop a negative surface charge potential
due to the lack of sufficient cations in solution to satisfy negatively charged surfaces
(Olphen, 1963; Boller, 1991). The same condition applies to the surfaces of filter
media in treatment systems (Fitzpatrick and Spielman, 1973). The association of
particles with dissolved organic matter (e.g. humic and fulvic acids) further increase
the negative surface charge density of particles (Narkis and Rebhun, 1975).
Polyvalent cations and flocculants are commonly used to neutralize negative surface

charges, promote flocculation and improve filter removal efficiencies.

2.3.6 Particle removal mechanisms in roughing filters

Particles suspended in solution may be removed in roughing filters by one of three
Mechanisms (Figure 2.7). These include:

* Surface (or cake) filtration,

* straining filtration, and

* Physico-chemical filtration
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Figure 2.7: Primary particle removal mechanisms in granular filtration (Collins,
1994).

2.3.6.1 Physico-chemical filtration

For particles much smaller than the size of filter media (the common case in roughing
filtration), particle removal is dependent on the successful transport and attachment of
a particle to a media (or collector) surface.

Transport Process

The three dominant mechanisms governing transport of particles to a single collector

(Diftusion, interception and sedimentation) are depicted in (Figure 2.8).

PARTICLE
TRAJECTORY
—=—=— STREAMLINE

COLLECTO

INTERCEPTION 7
SEDIMENTATION | 4
DIFFUSION /g

APPROACH //

Ow>»

<
)

Figure 2.8: Mechanisms of particle transport to a single collector surface (Collins,
1994).
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2.3.6.2 Surface and straining filtration

Surface (or cake) filtration results from the screening of particles at the surface of a
porous media, resulting in the closing off of pore openings. Cake filtration is most
likely to occur when the ratio of the collector diameter (dc) to particle diameter (dp) is
less than 10 (McDowell-Boyer ef al., 1986). Straining filtration occurs when particles
penetrate into porous media but are later lodged in the filter due to their large size.
Straining filtration is likely to occur for the range of 10 < dc/dp <20 (McDowell-
Boyer et al., 1986).

Surface and straining filtration are not likely to play a dominant role in roughing
filtration for the following reasons:

* Large particles (>20 pm) are usually removed prior to roughing filtration by
methods, such as sedimentation (Wegelin, 1987) assuming particle densities allow
large particles to settle faster.

* Proper roughing filter design promotes the removal of larger particles earlier in the
filter in the presence of larger media allowing progressively smaller particles to
penetrate deeper into the filter, where they come into contact with smaller sized
media.

* Filter cake development in horizontal roughing filters and vertical up flow roughing
filters are limited by particle drift and secondary particle detachment, respectively.
For all configurations, periodic filter maintenance limits filter cake development.
Surface filtration may become more significant in the latter stages of a filter run as
particles retained in the filter act as strainers for smaller particles. A filter cake of up
to 7mm of kaolinite clay was observed at the completion of filter runs in DRF
experiments with 2.68 mm diameter media (Collins, 1994). However, these
experiments were conducted using very high particle concentrations (1,000 mg/L),

which increased the potential for surface and straining filtration (Collins, 2005).

2.3.6.3 Iron removal
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Iron is generally removed from ground water by the process of areation or chemical
oxidation followed by rapid sand filtration. Different mechanisms (physicochemical
and biological) may contribute to iron removal in filters but dominant mechanism
depends on the physical and chemical characteristics of the water and process
conditions applied.
The World Health Organisation (WHO) recommends that the iron concentration in
drinking water should be less than 0.3 mg/l (WHO 1996).
Alterature review revealed that biological iron removal is not suitable when pH and
oxygen concentrations are high and/or NHs, | H,S and Zn are present(Saroj K Sharma,
Branislav Petrusevski, 2005).
Two mechanisms in the commonly applied oxidation precipitation filtration method
can be identified
1- Oxidation-floc formation (floc filtration), in which iron (11) is first oxidised to
iron(I11) by oxygen or chemical oxidant, which upon hydrolysis and
agglomeration forms iron hydroxide flocs. These flocs are subsequently
removed in rapid sand filters.
2- Adsorption-oxidation (adsorption filtration), which involves the adsorption of
iron(11) onto the surface of the filter media and its subsequent oxidation in the
presence of oxygen or other oxidant to form a new iron oxide layer which

enhances the adsorption and oxidation of iron(l1) and facilitates the process.

2.3.7 Review of previous roughing filtration studies

There have been several studies on the application of up flow roughing filtration for
both synthetic and natural waters using different filter configurations, media types and
sizes, hydraulic loading rates, and filter lengths. Example design parameters and

results are provided in below Table.

Removal Media Type Influent Particle Concentration

efficiency (%) Water Type (NTU unless otherwise noted) Test Duration
(NTU only

otherwise

noted)

Hydraulic

Loading Rate

(m/hr)

Media
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60-75% Gravel River water average 10-20, up to 400 (<2 days); 568 days 0.6 40, 2
average and unknown NTU for clay challenge
kaolin-clay
80% turbidity; Gravel Dynamic average 71-167, up to 420 NTU 25 weeks 0.7 19-13,
97% TSS RF- treated average 146-333, up to 881 mg/L TSS 1
Cauca
River water
15% Gravel Reservoir 384 N/A 0.53 1
water
13.2-20% 393-895 042
30% 377 0.3
Angular,
41% crushed Synthetic 100-200 40 days 0.75 25.4
granite (unknown)
22x1
42% Polystyrene 11x8x7
(s-shaped)
<90% 11x8x
>90% for Polystyrene 11x8x7
highly turbid (s-shaped) +
water Beads
average 45%; 11x8x
>60% for
higher NTU
average 45%;
>60% for
higher NTU
54-83% Quartz sand Kaolinite 1,000 TSS 256-600 hrs 60 2.68, 4.
and gravel clay 11
75-97% S/A (algae
ripened)
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CHAPTER 3

MATERIALS AND METHODS

The experiments were conducted in two stages, first Jar tests, and secondly the pilot

roughing plant set up and operation.

3.1 Jar test analysis
These tests were conducted in order to find the optimum conditions to coagulate and

flocculate the raw turbid water using ferric chloride (FeCls) coagulant.

Jar test is a common laboratory apparatus used to determine the optimum operating
conditions for pre treatment rughing filters, and to find the optimum coagulant dose used
in roughing filters pilot test in order to predict the functioning of a large scale treatment
operation. Jar test simulates the coagulation, flocculation and sedementation processes
that encourage removal of suspended colloids and organic matter which can lead to
turbidity problems. Raw water was taken from the open canal at Agbat Jabber treatment
plant during rainy season with highly turbidity ranges from 20 to more than 1000 NTU.
Jar test experiments were done at Birzeit laboratory and Agbat Jabber water treatment
plant. The apparatus consist of six paddles which stir the content of six 1 litter beakers
(raw water content), one beaker may act as control while the operating conditions can
vary ( dose of coagulant., speed of mixing,...etc) among the remaining five beakers. An
revolutions per minute( rpm) gage at the top center of the device allows for the uniform
control of the mixing speed in all of the beakers (Figure 3.1).

In order to determine optimum dosage, several series of experiments carried out in this

research from the turbid raw water open canal.
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Figure 3.1: Photo of Laboratory Jar Test apparatus at Birzeit University

Jar test procedure was followed:-

1- Stock solution of coagulant was prepared by dissolving 10g of FeCl; coagulant in a 1
litter of demineralised water (each 1ml of stock solution = 10 mg/l FeCl; dose) and was
stored in dark at room temperature. HC] was used for pH correction by adding few drops
to demineralised water to for pH correction before adding FeClscoagulant.

2- Raw water from open canal was taken directly, pH and turbidity were measured.

3- Jar test apparatus six beakers filled with raw water.

4- One beaker was used as a control while different coagulant doses were added to the
other beakers.

5- Different coagulant dose were added to the beakers (Appendix 1) at the same time
while stir at 100 rpm speed for 1 min. The rapid mixing helps to disperse the coagulant
throughout each beaker.

6- The stirring speed were reduced to 35 rpm and continue mixing for 15 min, this slower
mixing speed helps promote floc formation that lead to large flocs (Figure 3.2).

7- The mixers were turned off and the beakers allowed settling for 30 min.

8- The final turbidity and pH were measured in each beaker.
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Figure 3.2: Large floc produced according jar test with slow mixing.

3.2 Roughing Pilot plant set up and operation

Roughing filtration runs were carried out at Agbat Jaber WTP. Turbid raw water was
entered the two filter columns A and B directly from the open canal. The turbidity in the
canal was not constant. The experiments were carried out with varying process
conditions as given in table 3.5. Turbidity was measured continuously to check the filters
performance at the end of filter layers of each filter. Turbidity removal is a good indicator
of the extended of suspended solids. The experimental filter run is ended when the
effluent turbidity start deterioration.
A schematic diagram of the experimental set up used in this research is given in figure
3.3 and 3.4. The pilot plant consists of:
1- Raw water intake feeding system with two stages:
a- Raw water with natural high turbidity from open canal directly at rainy
season.
b- Synthetic turbidity produced after turbidity lost in canal stored in large tank.
2- Up flow gravel filter columns
3- Coagulation system

4- Static mixers
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5- Peri-staltic Pumps.

6- Rotameter for flow mesurment.

Ejure 3.3 Iayout oft/fe Water Treatment gﬁ_ifotffant
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All Dim ensions in cju

Elyure 5.4 Gross section oft/fe &ujﬁinj Tifter ﬂsifotf/ant.



3.2.1 Raw water intake

The raw water used for feeding the roughing filters was coming from the open canal that
transports water from Wadi Al Qilt springs to the Water Treatment Plant at Agbat Jabber.
This water becomes highly turbid especially during rainy season (figure 3.5), because of
rain water runoff. A plastic tubes was used to feed the two up flow roughing filters with
this turbid water. Regulating valves and rotameters were added to control the water flow
rates.

Synthetic turbid water were prepared and used when water turbidity was low in the canal,

this water was collected in large 1500 L tank.

Figure 3.5: Highly turbid water transport in open canal at Agbat Jaber.

3.2.2 Up flow gravel filter columns

Two units of gravel up flow filters were used. They are made by PVC tube with 0.25 m
diameter and 2 m high. These units consist of raw water inlet, Effluent filtered water
(figure 3.6), and overflow pipes, four layers of gravels media were filled in each column
begin with 20 mm size at the bottom to reach 6 mm at the top. Figure 3.6 gives the results
of the sieve analysis.

Four samples collection tubes piezometers were added at the end of each layer for each

column to measure turbidity for performance examination of each filter layer.
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1: Raw water inlet  2: Regulating valve 3: Raw water line 4: Coagulant line
5: Peri-static pump  6: Static mixer 7: Rotameter 8: Piezometer
9: Sample point 10: Effluent 11: Overflow

Figure 3.6: Roughing Pilot plant at Agbat Jaber WTP
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3.2.3 Coagulation system

Ferric Chloride (FeCls;) was used as a coagulant, because it’s cheap and available, many
previous research work obtained to compare with this research results, it’s a slightly
difference in cost and action found in previous research if compared with alum coagulant.
The coagulant dosing system consists of the coagulant stock solution, peri-staltic pumps
as a feeding system, and rapid mixing tools. A stock coagulant solution was prepared in
10 litter’s plastic tank by dissolving 100 g of ferric chloride in 10 L demineralised water.
A volumetric peristaltic pump was used to feed the required coagulant dosage to the up
flow roughing filter via plastic tube after passing through a static mixer were rapid

mixing with raw water was achieved.

3.2.4 Static mixer
A static mixer is a device for blending (mixing) two liquid materials. The device consists

of mixer elements contained in a cylindrical (tube) or squared housing (Figure 3.7). The
static mixer elements consist of a series of baffles that are made from stainless steel. The
mixer type is Komax tube mixer manufactured in the USA. The mixer is of 17.5 cm
length and 1 cm diameter.

The overall system design incorporates a method for delivering two streams of liquids
into the static mixer (raw water and coagulant stock solution). As the streams move
through the mixer, the non-moving elements continuously blend the materials. Complete
mixing is dependent on many variables including mixer length, tube inner diameter, the

number of elements and their design.
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Figure 3.7: Static mixer

3.2.5 Peri-staltic pumps

Two peristaltic pumps with different Q max, 3.3 1/hr and 0.6 1/hr were used in this
research. Pump flow for coagulation stock solution was calculated to know the amount of
coagulant dose needed (appendix 7), one ml of stock solution stored in coagulant tank

equal 10 mg FeCl; dose.

3.3 Measurements

3.3.1 Turbidity

Turbidity in raw water was measured at the beginning of each run and during filter run;
turbidity meter type (HI 93703) was the instrument used. Four sampling point were
provided in each filter at the end of each layer. Turbidity samples were measured from

these points and from the final effluent.
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3.3.2 Flow control

Two filtration rate obtained from previous research were kept constant, 0.5, and 1.5 m/hr.
there was sufficent pressure as the raw water inlet from the canal was at high elevation.
Rotameter were used in this research to measure the water flow rate. Two different flow

rate obtained according to filtration rate and area of column by this equation:-

Flow rate = filtration rate * Area.

Area of the column = (0.125)* * 3.14
=0.049 m?

0.5 m/hr * 0.049 m*= 24.5 l/hr

So for 0.5 m/hr filtration rate, 24.5 1/hr flow rate of water was obtained, and 73 I/hr were
obtained for 1.5 m/hr, these two flow rates were kept constant and controlled using

rotameter.

3.3.3 Head loss

Head loss measurement is important in filters operation to determine filter resistance to
flow. According to filtration process head loss occur when the pores of filter closed from
suspended particles accumulation causing flow rate decreased and loss of permeability. In
this research filters were operated in constant flow rate (constant head) mode. The head
loss was kept constant by maintaining a constant flow by adjusting the regulating valve

opening over each experimental run.

3.3.4 pH measurements

Measurements of pH to the raw water from canal were carried out at Agbat Jaber WTP
using pH meter at the beginning of each filter run. Calibration is also done before using

this meter.
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3.3.5 Fe measurements

Total Fe measurement was conducted at Agbat Jaber WTP using DR/890 HACH
colorimeter from filter effluent and water canal influent. Samples were taken each 4

hours during a filter run.

3.4 Total and fecal coliform

Samples of raw water from open canal influent before roughing treatment were taken and
analyzed for microbial pollution, total coliform (TC) and fecal coliform (FC), to
determine the pollution sources such as waste water infiltration and uncontrolled disposal
of waste. Microbiological tests were carried out at Ministry of Health Center Public

Health laboratory by membrane filter techniqe .

3.5 Sieve analysis

Measurements of filter media size are the most important step in roughing filters setup to
achieve a desired purification which is the main objectives of this research. Particles
suspended in solution may be removed in roughing filters by attachment of media (gravel
particles), so particle removal is dependent on the successful transport and attachment of
a particle to a media (or collector) surface. Sieve analysis was done at Birzeit University

laboratory.
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3.6 Pilot experimental process conditions

Six filtration runs at different filtration rate were done, the pilot experimental process

conditions are presented in table 3.5.

Table 3.5 g%fot exfen'mentafjorocess conditions.

Run no Filtration Coagulant pH Temp.
rate m/h dose
mg/1 Ferric
chloride

2A 0.5 o 8.4 16.1
I
3A 1.5 0 8.1 10.2
T
4A 1.5 ° 8.4 26
T T T .
5A 0.5 40 8.1 25
I T
6A 0.5 30 3.2 253

Wgte %= Efter column no. 1 £= ﬁfter cofumn no. 2
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CHAPITER,
RESULTS AND DISCTUSSION

41 gfreafentatz'on of‘ results

dix roughing filtration runs at different fiftration rates, and seventeen jar test experiments were carried out to ackieve the
Lgng J I

oﬁjectz've& cy[' this research.

The results of‘ these ﬁ/ter runs are presented in detaifin ;z]goen(ﬁac 2. The results of:]'ar test expertments are summarized in

table 4.1.
&J‘u/ﬁf o]f]'ar tests are presented in detail in appendix 1. &Ju[t& qf steve tma{y&i& are presented in appendix é.

cggefuft& of fifter turlfz'c[i't?y removal vs. time are presented in figures 1,.}%, 1,.1,5%1, 4. 1,ﬁz, 4.5(;%}, 4. 55}, 4. 6(9%4, 4. 6061,,

4.7;%5, 1,.7»55, 1,,8%6, 1,.8056 and annex 2 (taﬁfeo" ?fﬁftem runs).

@g&uft& ojp ?e, fécaf cofz'férm and total cofz"ﬁvrm measurements ﬁr water canal and; Jaz'fot ﬁ/tenf gﬁ[fuent are JareJentez[ in this

che ap ter.



4.1lar test eac(jaerz’ment&

Jar test experiments were carried out at z%iat{lgzﬂer W turbid raw water used was ﬁom the open canal
tﬁ'rectf] at raz'ny SeASON, %mfreture and turﬂzﬁ'lf}/ were mesured tﬁ'rectf}l ( water canaf) . eﬁiﬁ%rent turﬁ'tﬁ'@/ was
used and different doses of coagulant were also used to choose the optimum doses needed for fiftration ( ;z]ajaencﬁ.x 1 )

Table 4-1 show the summary ofjar test results obtained.

Table 4.1 c5ummm}/ gf‘ 1 6Jar test optimum doses results suitable ﬁr zﬁ'ﬁ%rent turﬁitﬁ?}/.

Turbidity canal Optimum dose
mg/| FeCl;
30 0
35 0
37 <10
40 0
50 <10
65 <10
80 <10
140 0
235 <10
240 10-20
300 <10
530 10-20
800 10-20
1000 20-30
More than 1000 230




Table 4.1 skows the summary of‘jar test optimum doses that can be used'in the Jaz’/ot ﬁ/i‘er runs. dome eagaerimentaf results
show une.?cfectezl:f}/ that turfitﬁ?}/ between 37 and 39 need coagulant Jess than 10 my/fanfwz’tﬁ”turﬁirﬁ?}/ between 40 to 45 ne
need ﬁr cocgu/ant ( Jable 4.1 ) This may occur because of‘ tﬁ'ﬁérent type cf water Jm//utant Jike soif ertz'cfeo‘ size that

sedimentation is a kind of:frocew qﬁer mixing and. Jo/ulﬁ'ﬁ'%}/.

j‘z;;t ofjar experiments Jatz'afj/ slow sand” ﬁfter requirements without ﬁ/tration and without need of‘ cmyufant ;premﬂx

1, and Table 4.1. @Jatimum dose in these eagaen'ment& chosen as one that /fn'njo‘ down mto Jess than 2.
4.3 gfz'fot ﬁfter runs

4.3.1 System workability

In this run, whick was the ﬁnft ﬁ/ter run to gain fhand on operating the system, no cmyufant was added to the raw

water Jarz’or to ﬁftratz'on.

The ﬂ/ter run were mode at a ﬁ/tration rate OJF 0. 5m/ Vir. From ﬁjure 4. 171 raw water turiz'cﬁ?y was not constant
and ranged, ﬁom 25t0 75 m The e]ﬁ[fuent turiz'zﬁ't] chtained zg%er this run was ranged ﬁom 0 to 3.8 with more

than 957 removal gﬁQa'enc:}/ at raw water turbidity as tigh as 75 NTU.

ﬁurz’nj the run, and in af{]aifot ﬁfter.s run, tur[fz’rﬁ?}/ removal was vare}/z'nj at the end of‘ each. fqyer accorcﬁ'nj ?f‘
different ﬁfter -gravel /z{yenf size Jable . Trom tables ’tgofendi'cew 2, we can see that the tur[idi’é}/ removal s
increased due to decreases in ﬁ/ter media size ﬁom the bottorm to reach the Jess turﬁz’cﬁtf}/ water at the top. Do the
use of‘ muftg']a/e jrarlées o]p ﬁfter mediain a rouj/finj ﬁ/ter promotes the Jaenetratz'on of‘ Joartz'c/e& t/frouj%ut the

ﬁfter bed and with fm:ye storage capacities achieved b:}/ farje media and’ /fzj/f removal #dende& b:}/ small media.

The ejﬁcfuent quafz't'}/ met the z'nﬂuent reguz’rement ?f DY) Fojp at Jeast 20 m imf'f}/inj that under the jz'ven

Jrocess conditions a ﬁftration rate 0](‘ ©. t;m/ fer Jorot[u(:es a jcorf results.



Ejure 1,.10;%71 fﬁfuent water %rfuﬂz] ( £ m ﬁom  prifot ﬁfter cofumn T with raw water canal turﬁzﬁ'@

( &W Vs, ﬁ/trtrbz'on run time at the ﬁm‘t Jaz’fot ﬁ/ter run with o. tjm/ (3 ﬁftration rate without uainj cotgufant.
4.3.2 Similarity of tow filter columns

This run was done with the same  process conditions as the ﬁr&t run (o. t;m/ hr, 35-75 mturﬁiﬁty z'nﬂuent

ﬁom canaf). This run was done to examin the ﬂ'mz'/arz't:‘y gf\ the two Joi/ot ﬁ/ter columns S and B,
"Golumn z‘;%

From ﬁjure 4.2%1 raw water turﬁzﬁ?}/ s not constant and; range f}om 3510 75 m ejﬁquent turﬂtﬁ@l

obtained is below detection fimit afier representing an excelfent removal (?]%cienc:}/ cJosed to 1007

The Wuent Yua/i@ met the inffuent reguz’rement gpﬁcés T‘@[‘trb Jeast 20 m l’mj)(f}/t’nj that under t/fe'jz'ven

process conditions a ﬁ/tratz'on rate ij 0.5 m/ for produces a good results.

Ejure 1,.1%1 ffﬂuent water mrﬁuﬁfy ﬁom Joi/ot ﬁfter column FE with raw water canal. turﬁit[z’é}/ vss. ﬁftratz'on

run time at the second Jaz'/ot ﬁfter run with o. 5m/ 3 ﬁftratz'on rate without ua’nj coaju/zmt.
(Cofumn oZ;

From Raure s, ﬁl, effluent turbidity cbtained is below detection fimit after representing an excellent removal
tgure 4.3 % 7 J

e]%ciem,}/ cJosed to 1007,

The gﬁ[]’uent ?ua/iif}/ met the z'nffuent reguz’rement (yl'cscg Tt?fat Jeast 20 m imffyz'nj that under t%jiwn

process conditions a ﬁ/tration rate of‘ 0. 5m/ fer - produces a good results.

Ejure Ir.}ﬁz fﬂfuent water mrlr'uﬁ't:‘y Srom pifot filter column B with raw water canal’ turiz'zﬁ'li‘}/ vs. filtration

run time at the second Joz’fot ﬁ/ter run with 0.5m/ 3 ﬁftration rate without qu’nj coajufant.



4.3.3 Filtration rate

In this run, whichk was the third run no cozyufant was added to the raw water - prior to ﬁftratz'on‘ The roujﬁ?nj

ﬁftenf was operated at ﬁ/tratz'(m rate gf 1. {;m/ for ﬁr the ﬁr&t ﬁfter % and o. {;m/ for ﬁr the second ﬁfter ﬁ .
Gofumn T

::Frcmﬁjure 1,.1,0;%7} and Jable 4.2 raw water turbidity is not constant and ranged from 25 to 87 NI, the

gﬁ[fuent turﬁzﬁ?}/ obtained tycl‘/‘er this run ranjetf ﬁ*om 2.4 to 15 with 827 removal eyﬁqcz'enc'}/ at /zdzc'j/zder raw water

turﬂcﬁtf}/ 637 m)

The g/jq'uent Yua/il:‘}/ met the z'nﬂuent reguirement ofﬂécg ;:ﬁgfat Jeast 20 m imffyz'nj that under t/?ejz'ven

process conditions a ﬁ/tratz'on rate gp 1. 5m/ fir - produces a good results.

ﬁ:yure 1,.1,4‘;%1} fﬂueﬂt water mrl;uﬁty ﬁom  prilot ﬁ/ter cofumn FC with raw water canal turb-z'zﬁt'}/ V. ﬁftratz'(m

run time at the third Jaifot; ﬁfter run with 1 .gm/ 3 ﬁﬁ?ratz'on rate without ua*inj cmyu/ant.

Table 4.2 rﬁetm’/ezf measurements _for Joz’ﬁvt ﬁ/ter runin ﬁ/tratz'on rate test ﬁr ﬁfter column z;%

7:30 | 8:30 | 10:00 | 11:00 | 12:00 | 1:00 2:00 | 3:00 | 6:00 | 7:00 | 8:00 | 10:00 | 2:00 | 4:30
PM PM PM PM AM AM AM AM AM AM AM AM PM PM
A Turbidity 23 17.4 | 145 12 13.4 13.54 | 11.4 | 9.65 | 5.47 | 8.30 | 8.22 | 8.50 9.65 | 8.40
NTU
B Turbidity 22 136 | 12 10.7 13 12 10 7.60 | 6.9 8.10 | 7.70 | 7.20 8.00 | 8.00
NTU
C Turbidity 18.6 | 10.6 | 9.6 9.46 10.8 9.65 9.3 7.20 | 5.50 | 6.40 | 6.10 | 7.00 7.30 | 6.30
NTU
D Turbidity 16.6 | 9.13 | 8.78 8.16 9.26 8.58 7.5 5.90 | 3.89 | 2.70 | 5.40 | 6.50 7.00 | 7.60
NTU
Final Turbidity 15 8.76 | 8.40 8.10 9.20 8.30 73 585 | 4 2.40 | 4.70 | 6.40 6.60 | 7.60
NTU

From the table above pifot Rfter composed of three fifter fraction ranging in size from coarse (fa er %) to fine
S P gy 44

gravel size (fz{}/er D ) s in figure 3.4 chpter 3 a Jarge amount of suspended solids are removed, é:y the first fifter




ﬁfter medium Jocated next to the ﬁ/ter inlet, in table 4.2 we can see that the turb-z'z{z’t'}/ s decreased ﬁom 87 m

appendix 3 to 23 NI at the first gravel Jayer T because of its Jarge pore volume for accumulation and by the
P J 4 Jer 4

aid of gravity, the Jast filter fraction refe as pofisking function as it supposed to removed the Jast traces of the
Jravity, v g ‘PP

ﬁne&t suspended.. sofids féun([ in the water, so removal fajﬁqa'ncy increased at the bottom cf‘ ﬁfter.
Golumn ﬁ

ieromﬁjure 4. 5E; and Jable 4.3 raw water turﬁcﬁ?}/ was ot constant and ranged from 25 to 87 m the

efffuent turﬁiﬁtf}/ obtained after this run ranged from 2 to 9.8 with 87% removal ejﬁqa'ency at kigher raw water

turHc[i’ty 637 m)

Table 4.3 cﬁetaiﬁat[ measurements ﬁr Jaiﬂvt ﬁfter runin ﬁftratz’on rate test ﬁr ﬁfter column ﬁ

7:30 8:30 | 10:00 | 11:0 | 1 1:00 AM 2:00 | 3:00 | 6:00 | 7:00 | 8:00 | 10: | 2:0 4:0
PM PM PM PM AM | AM | AM | AM AM |0 PM PM
AM

A Turbidity | 16.20 13 10.90 | 9.00 | 1125 8.42 | 9.80 | 4.67 | 7.99 | 9.00 | 10. | 8.30 8.00
NTU 0

B Turbidity | 13.00 10.2 | 7.00 | 8.20 | 19.95 7.48 | 7.00 | 4.60 | 590 | 6.10 | 8.1 | 8.00 7.70
NTU 0 0

C Turbidity | 12.20 10.0 | 690 | 7.30 | 68.20 7.00 | 4.85 | 590 | 4.30 | 3.58 | 6.0 | 6.50 4.28
NTU 0 0

D Turbidity | 9.95 9.49 |3.52 |6.19 |55.76 5.00 | 2.80 | 2.10 | 2.80 | 3.10 | 4.0 | 4.70 2.70
NTU 0

Final Turbidity | 9.83 9.00 |3.60 |6.10 |5 5.67 5.00 | 3 3.10 | 2.30 | 3.20 | 4.0 | 4.40 2.00
NTU 0

The e]ﬁcfuent quafz'li‘}/ met the z'nﬁuent reguz’rement of' DD ?of' at Jeast 20 m imff]inj that under the jz’ven

process conditions a ﬁftratz’on rate o]p 0. 5m/ for - produces a good results.




Liégyure 4. 5ﬁ; :Eﬁquent water mrlr-uﬁ?}/ ﬁom Jaz'fot ﬁ/ter cofumn »5 with raw water canal turﬁrﬁ'{,‘}/ vss. ﬁftraticn

run time at the third Jn’/ot ﬁfter run with o.{;m/ (3 ﬁ/trwﬂz'tm rate without ua’nj cctguftmt.
4.3.4 Effect of long term filtration

In this run, no cctguftmt was added to the raw water - prior to ﬁ/trtrﬂz'(m. The ﬁfter run were made at ﬁ/trtrﬂz'on rate

of 1.5m/ ki for the first fifter FE and o.5m/hr for the second filter .

CO[ (22420 %

?‘rcm ﬁjure 4. 6%1, raw water turﬁz’t[i’t}/ s not constant and Jower range ﬁom otos m the e]ﬁquent turﬂz[i’é}/

obtained tgﬁfer this run was closed to zere with a removal gﬁqciem:‘y closed to 1007 at ﬁ‘zjﬁ‘er raw water turﬁz’cﬁ?y 6,

The e]ﬁ‘fuent qua/ilf}/ in this run was meet the z'nﬂuent reyuz’rement of’éf’éﬁ Tof‘tn‘ Jeast 20 m imf[}/inj that

under the  given process conditions a ﬁftratz'on rate of\ 1. 5m/ fir - produces a good” results.

ﬁjure 4. 61;%1, fﬁquent water %rﬁz[i’?}/ ﬁom Jaz’fot ﬁfter cofumn % with raw water canal turﬁz’(ﬁt}/ vis. ﬁftratz'on

run time at t/t@ﬁurt/t}aifotﬁ/ter run with 1. gm/ﬁﬁ/trwbion rate without ua’nj cmyufzmt.
Golumn DE

From ﬁjure 4. 651, raw water turﬁz’zﬂt}/ is not constant and Jower range f}om otos m the qﬁ[fuent turlfz'z[i'ty

chtained lgq/‘er this run was closed to zero with removal eﬁQCiency closed to 1007,

The g]ﬁ‘]’uent Yuafz't'}/ met the z'nffuent reyuz’rement #33 ::F(y[‘at Jeast 20 m imff'}/z'nj that under t/tve'jz'ven

process conditions a ﬁ/tration rate c][ 0.5 m/ for produces a good” results.

&W@l &w water tur[;z'tﬁty ﬁcm canadl ETT= fﬁuent ﬁ/lfer tunfz’cﬁi{y



?ngure 4. 651, fﬁquent water %rﬁzﬁ?}/ ﬁom Jaz’fct ﬁfter cofumn ﬁ with raw water canal’ turﬁz’tﬂ@ vss. ﬁftratz'on

run time at the fc‘vurt/; Jaz’fot ﬁfter run with o. 5m/ 3 ﬁ/tration rate without uainj cotgu/ant.

4.3.5 Effect of Coagulant on filtration process
4.3.5.1 71@'7/; water influent turbidity

In this run, 30 mj/ A Etf} coagulant was added to the raw water prior to fiferation in the first cofumn T no

cmgufant added to the second” ﬁfter B, the two columns were operated at o.gm/ fir.
Gotumn (;%

Trom figure 4. 7%; raw water turbidity was Kigh more than g5o NI, the effluent turbidity ohtained affter this
run was 0.63 and 26 at the first 8 hours with 99.9% and 97% rmovaftejf‘;denfy but after 14, hours the efffuent

turﬁcﬁ'@/ start deterioration and reached 112 with ﬂow‘ water resistance that mean the end of\ this run .

rﬁuﬁﬂj the run, tur/;z'tﬁg}/ removal was vaf}n'nj at the end of‘ each. /t{}/er accorrﬁnj o]p déﬁrent ﬁfter jravef ft{}/erJ

stze appendix 2.

The ejﬁcfuent quafz't'}/ met the z'nﬂuent reguz’rement ?f DY) Fojp at Jeast 20 m imf'f}/inj that under the jz'ven

Jrocess conditions a ﬁftration rate 0](‘ ©. t;m/ fer Jorot[u(:es a jcorf results.

Liégyure 4. 7%5 fﬂuent water %rﬁuﬁ{,‘}/ f}om Jaz’fot ﬁfter cofumn % with raw water canal turﬁz'r[z’t'}/ vss. ﬁftratz'cm

run time at the ﬁﬁ/; Jaz’fot ﬁ/ter run with o. 5m/ 3 ﬁ/ﬂraﬁon rate with 40 mj/ l ?Fec/} cmgu/tmt.
Golumn D

Eomﬁjure lr.]'oz’;l; raw water turﬁz’tﬁ'{,‘}/ s very /:zjfyl;o m the Wuent turﬂﬁ@ oitaz'nez[zg%er this run

was 182, 169 and 159 with more than 827 removafej?QCiencr}/

The e]ﬁffuent quafz't'}/ in this run did not meet the z'nffuent requirement (yp oY) f‘F(ff‘ at Jeast 20 m z'mf{}/i]y
that under the  géven process conditions a ﬁftratz'on rate of' o. 5m/ fir without cozyu/ant ; produces unaatia"flzctm:}/

res uftJ .



Ejure 4. 755 fﬂuent water %rﬁﬁtf}/ ﬁom Jaifct ﬁfter cofumn ﬁ with raw water canal turﬁz[z’t'}/ vs. ﬁ/tratz'on

run time at the ﬁﬁ/; Joz’fot ﬁfter run with o. 5m/ (3 ﬁftration rate without using cotgu/ant.

4.3.5.2 %ry %jﬁ water influent turbidity

In this run, 40 mj/ / of‘ Zéécf} cmyufant was added to the raw water - prior to ﬁftratz'on at the ﬁns't cofumn 5%, no

coagulent adiition at second ffter cofumn oD. the two columns were operated at o.5m/ for.
g °p

(CO.[ UIMH %

From ﬁjure 1,.8(9%6 raw water turﬁiﬁf}/ is very /I‘ij/lv more than 1000 m The eﬁquent turiz'tﬁ'l{?}/ obtained ty%er
this run was 3.5 and’12.6 at the ﬁr&t 6 fours with tgofromz'mate/j/ 967% removal e]ﬁ‘h*iency but gﬁ‘er 10 fours the
gﬁquent turb-z'([z’g/ started deterioration and reached 111 mw‘it/; ffow water resistance that mean the end t?f this

run.

The g]ﬁ‘]’uent Yuafz't'}/ met the z'nffuent reyuz’rement 9033 ?F‘g[‘at Jeast 20 m imff'}/z'nj that under t/tve'jz'ven

process conditions a ﬁ/tratz'on rate c][ 0.5 m/ for produces a good” results.

Ejure 4- sos fﬂuent water %rﬁzﬂé}/ ﬁom Jaz'/ot ﬁfter column FE with raw water canal’ turﬂt[i’ty vs. ﬁftration

run time at the sixth Jn'/ot ﬁfter run with o.gm/ (3 ﬁftratz'on rate with 3o mj/ s :;ﬁ;acfj cmgufant.

CO/ urnn j

Trom figure 1,.8:356 raw water turbidity is very kigh more than 1000 NT U, the effluent turbidity obtained affter

this run was 188, 174 and'166 with more than 8o% removafejﬁqa'ency

The effluent qua/z'lf}/ in this run did not meet the influent requirement of‘:ézé ?of)zt Jeast 20 NI, z'mf!f}/z'nj
that under the  given process conditions a ﬁ/tratz’on rate of‘ 0. 5m/ fir without cotyu/ant  produces unJatz'oﬁctw:}/

res: u[tJ .



Liégyure 4. 656 fﬁfuent water mrﬁzt[i’ty ﬁom Jaz’fot ﬁfter column ﬁ with raw water canal turﬁz[i’ty Vs, ﬁftratz’on

run time at the sixth Jn'/ct ﬁ/ter run with 0.5711/ (3 ﬁftratz'on rate without uJ‘iﬂj cwyu/tmt.

4.5 Totaf and” ﬁcaf cofzﬁrm results

Total and’ féca/ co/zﬁm tests were carried out at %ﬂi&t{}/ of‘ %afthd Genter gf ublic %afthd faﬁorator'}/. egamffees
?f raw water ﬁom open canal inﬂuent iey%re rouj/:z'n 19 treatment were tm@n and tested the results show that the water

canalis a ﬁ;c'yﬁf]foffutefwitfyt and FG.

7/;6 results of‘afft/;e tests meeﬁom the canal was 37(203 C an([aﬁmﬁom t/;eﬁ/ter ejﬁ(fuent. 37;8 36‘C ant[j C of‘
slow sand’; ﬁfter afifer chlorination was zero, so chlorination and slow sand” ﬁftratz'on are the most tmportant stages in
water treatment afi?er roujﬂnj ﬁftratz'on. ﬁecau&e OJF small retention time and’ ﬁ;'jﬁ turﬁz'zﬁ'lf}/ the small Jaifot

rouj/ﬁ'ﬂj ﬁ/tenf can not refeases or decreases Jotal and Tecal cofz'jérm.

45 Te results

7/ fie results ojp C:Fe measurements ﬁr water canal skows that aﬁé s zero, hut the t?ﬁ[fuent water ﬁom the mujﬁ;’nj ﬁfter
show increases to reach more than L1y mj/f, 1.19 mj/fanJl.15MJ/[ The Jﬂmf/&f were taken every 2 four Jun'njﬁfter

run, the coajufant dose was 40 mj/f T‘e(ij ﬁtﬁturﬁz’cﬁ'@l more than 1000 m (gzpfenl[ix 2,ﬁ/ter run 65}

4.6 ﬁz’&cu&&z’on

4£.8.1 generaf

The aim gp this research was to ﬁm[ suttable design parameters ﬁr the  pre-treatment ?f wp fTow roujﬁ‘i'nj ﬁfter.r and’

asses the ﬁfter efﬁciency in t[ecreaa'nj /ﬁj/f water canal turﬁtﬁ'@/ to Jess than 20 mﬁr enﬁmdnj slow sand; ﬁftenf

Operational performance, and’to asses the z'nf]'uence o]p cmyufzmt on ﬁftratz'on  process.
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s can be seen ﬁom the results in table 4.2 and’ ﬁjurea" 1,.}% to 4. 8-Ds, the ﬁfter - proved. eyﬁqa’ency b:}/ decreasing
tur[z't[i’ty untif more than 8y mto Jess than 20 mwitﬂut using co(gu/tmt with o.5 and 1.5 m/fr ﬁ/trcrﬂion rate,

and removed turb'z'zﬁ'lf}/ ﬁr more than 1000 mb}/ the aid (?f chemical cotgu/ant with o. 5m/ fr ﬁ/tratz'on rate.

4.6.2 cﬁgmovaf ef‘ﬁcz'encz}/

Treatment e]ﬁqcz'enc'}/ is dependent on raw water, characteristics, f({}/out and operation (7[‘ roujlfz'nj ﬁfters.

1" - size, concentration, ?}/Joe (Zf:;oarticfe& and.. Jueyaen.n'on Jtaiz'fz'ty are the most imfortant water 7uafz't]  parameters

inffuencinj suspended. sofids removal eﬁCZcz'em:‘y.

nd

27~ ﬁfter material size, ﬁfter /enjtﬁj tgoffief ﬁ/trtrbz'on rate, c/eanz'nj ﬁeguenc(}/ are the 1@:}/ ﬁctonf Jetermz'nz'nj ﬁ/ﬂer
eJ%cz'em,}/. 71%1109, roujﬂnj ﬁfter with identical ft{yout and operation may vary in ﬁ/ter Jaerférmtmce with tléférent raw

water sources. mref;vre, an exact indication of' ﬁ/ter e]ﬁQa’ena'eJ s jeneraf/] Yuz'te imfo&ﬁiﬁe ( %je/z’n, 1996 )

In this research the ﬁ./i&er Jaerft‘vrmance fas been tested with zﬁﬁ‘érent ﬁ/tratz'on rates. Jhe dé(]oem[éncy OJC overall

#dency on turﬁz[i’ty removal, and ﬁfter run time and ﬁftratz’on rates can be seen in Jable 4ok

Table 44 Fifter turﬂtﬁ'@l removal ejﬁqa’ency inall ﬁfter runs

Run # Filter run Filtration Turbidity Turbidity Turbidity
time rate influent effluent removal
hr m/hr NTU NTU %
1A 8 0.5 265-75 0-3.8 o7
2A 8 0.5 35475 Wgt(r zero Closed toroo
2B 38 0.5 35-75 Near zero Glosed to100
3A 24 1.5 25-87 2.4 - 15 *82
3B 24 0.5 25-87 2-9.8 *87
4A 288 1.5 o-4 Wgar zero Closed toroo
4B 288 0.5 o-4 %ar zZero Closed toroo
5A %ﬁer 8 hrs 0.5 950 0.63 - 26 *yy
5B 14 0.5 950 159 - 182 *82
6A t;%ﬁer é hrs 0.5 5752;9 than 1000 B3.5~12.6 :7‘2‘;7‘8 thmyg
6B 14 0.5 Jz‘:vre than 1000 166 - 188 j‘ZZre than 8o

11



* fﬁgdenc:}/ calculated at ﬁ‘zt'j/zder z'nffuent and Wuent turbi'z[z’lf}l.

* S the ﬁr&t cofumn, 5 the second cofumn

j{ZZCFanialf, Ja/?}/&'caf, Eiof(»ji(:df and chemical [ processes all Ja/a] refein up ﬂow‘ rouj/finj ﬁ/tration. fxfen'ence to date

ts fimited and fittle is known about the mechanism regmnﬁﬁﬁs' ﬁvr removal ?f suspended and colloidal materials.

@jlzoefia and stumm reported. that the removafJaroce&s and removal e]ﬁQa'enc:}/ in ﬁftratz’on depends on the combination of\

Jaartz'cfe transport and attachment, the removal ?]i‘faartz'cfe& zfeJaem[ more on the attackment meckanisms ( @ ﬁ;;fia, 1 yé]').

From the set ?f experiments excellent removal ejﬁ‘la’enc‘}/ were observed alon 1g the period cjp ﬁ/ter runs ranges between 80%
and closed to 1007, in some  parts c‘vf this runs. “5/5/1%/}/ t[z?ﬁ%rent observed in remeval eyﬁqcz'ency between o.5m/ fir and 1.5
m/hr as seen in run}%am[}j in table 4.4 and figures 4. 5;%} and . 55}, the remova/e]ﬁch'emf}/ is better at o.5m/hir

because this Jower in ﬁ/iratz'on rate may increase the Jomﬁaﬁz’/t’t}/ of‘ Jaartz'c/e.f betn g retained.

4.6.3 fﬁ%cﬂ of'cotyufant

&mova ertz'cu/ate tmpurities ﬁom water é:}/ beds of‘ jrzmu/ar media becomes more eﬁéctive ﬁr /a{jer ertz'cfe&. In this
process the removal e]ﬁ‘z‘a’ency is jreatfy dependent on Jaartz'cfe stze and can usuaffj be enkanced’ b:}/ aggregation OJC ertz'cfe&
b:}/ a cotgufatz’on/ﬂoccufation  procedure in which Jadrtl’CfeJ are destabifized b:}/ a cotyufant causing this aggregates.
&mvva/ (y[‘ ertz'cfe& cyp a féu’ wm or Jess is guz'te ﬂﬁcuft b:}/ this  process so it is necessary to tncrease their size in some
way, the on/j/ Joractz'ca/ methods is to cause Joartz'cfea“ to aggregate ﬁminj fm;ye unit (L‘myu/aﬁon ) to enkanced its removal.
To be removed; a Julrtz'cfe rmust not onvf}/ come into contact with a media  grain, but must also attach to it. Wgt alf contacts
between particles and media Jead to attackment; attackment eyﬁQa'em:‘}/ ( a ) is used to represent the ﬁactz'on ?f Jucce&fuf
contact. 77;6 value cyp A varies ﬁom one 61// contact results in attackment, ) to zero (no contact results in attachment, ) .
Ghemical cozgufation  pretreatment promotes attackment (gﬁlcz'em:‘}/, with gatz'mi.zet[ cozgu/atz’on conditions increasing the
value of Q. (@ L?lZTefia & Stumm, lyéy).

From the table 4.4 and; ﬁjureef 4.7 0%5 and 4.8 6 we can see that the removal #denc:}/ is increased with the aid ?f
chemical cotguftmt compared with that without cozguftmt ﬁjure.f 4- 7:»55 and’y. 8536 at the same ﬁ/tratz'cm rate. Iarje

Zyjr(ya‘te was seen in the 51;% and 6;% ﬁfter runs were JJ(IJ‘JG([ throw ﬁezometer (?f ﬁftenf ( Ejure 4.9 ), the tyjrgjat&s

12



produced g‘ier turbid water was mixed with cotgufzmt these agqgreqates were /7e(f7n'n 1g in enhanced and increased removal cff

ertz'cfe&.

%ﬁﬁnj a sedimentation tank, ﬁeﬁre rouj/z‘i'nj ﬁfter is more féa&'[/é also to decrease the /;ZJF water canal’ turﬁit[z’?}/ as we see

in ﬁlffenﬁx 1 ), water turﬁcﬁ?}/ OJF blank according jar test were decreased every time e&ye&a/& ﬁr Fiy/ﬂar turﬁt’tﬁ'ty.

Ejure 4,‘? IWjeﬂC@fﬂJ&eJﬂ/I;‘OW eﬁezometer (?fﬁfter.

4-6.4 §r¢n’n stze

The ﬁ/ter material should have a farje gaeaﬁc Ju(ﬁlce to enkance the sedimentation  process tak;'nj Jaface in the roujﬂnj

Sifters, and figh porosity to allow the accumulation of the separated sofids ( %jeﬁn, 1996 )

13



f ot ﬁftenf were made at ayﬁat J'al;er comfo&ef (7[‘ three ﬁfter ﬁactz'on ranjz'nj in size ﬁom coarse to ﬁne, a fmjer amount
cf suspended. sofids are removed b:}/ the ﬁr&t ﬁfter medium Jocated next to the ﬁ/ter infet ( 73 Jmnffe  port aprpendix 2 )
because OJF its faye  pore volume ﬁr accumulation, the Jast ﬂ/ter ﬁactz'on role as fo/i&/:z'nj functz'on as it Juffoo‘et[ to
removed the Jast traces of‘ the ﬁne&t suspended.. solids ﬁumf in the water. dmall and’ irrgju/ar - grains, ffa,}/ an important
role in z'ncream'nj removal eyﬁqa’ency b:}/ z'ncreaﬁ'nj the Ju(f‘ace area per unit volume ?f ﬁfterz'nj material and destabifized

ertz'cfw (?;Fumzm 1}’86).
4.6.5 Titfter cfeanz'nj

Fifter eyfﬁa’ency is not constant but may increase at start gpflfter run and certaz'n/j/ decrease with ﬁ/ter run time
increased that sofid matter accumulates exce&n've'f}/ in the ﬁfter, hence  periodic removal (3]0 this accumulated matter is

reyuz'ret[ to restore ejﬁqciem:‘}/ and; JooJm’[f}/ /t}/afrau/ic ﬁfter Jaerf(‘vrmzmce.

When the turﬁitﬁ'é}/ in the water increased intenJive/y Jike in run 5{% 55, 6% 6ﬁ ( more than 1000 m) the ﬁ/ter
run decreased because ij a Fuje Jaurtz'cfes sedimentation that closed the  pores femﬁnj to Joss Jaermeaﬁ/z'?y and end the

ﬁ/i“er run with a short time 61, /kur&) in the 5% 505, 6% 6£ runs result in /tdz:]/zd turbid water ejﬁffuent. The ﬁftem“

were cleaned, /;}/zl}aufz'caf'f}/, the zl}aintge valve (gaenet[ 7"”'6@' shock zl}m'ntge achieved b:}/ fll.st (gaenz'nj and cﬁm‘inj valve.
4.6.6 Eacteriofojz’caf and E water Yuafity z'mJorovement

The  pre treated water stilf needs furt/ﬁer treatment fér ﬁn al removal or in activation of:]aat/;ojenm From total and féca/
cofz'férm result we can see that the Wuent Joz’fot ﬁfter water is still Eacteriofocyicaf ﬁ‘ijﬁ" because (ff‘ Jow water retention
time. Dow sand ﬁ/trzrﬂion and chlorination are the two most common(/}/ tgyffiet[ treatment processes ﬂvr ﬁacten’cfojz'caf

water 7uafz'§}/ z'mfrovement.

The gﬁ[]’uent ‘?]F well designed and operated . slow sand; ﬁ/ter is virtuaff}/ ﬁee from fat/fojenic microorganisms.
Ghlorination aims at (léJtran Farmfu/ mz'crooganim&, suck as Jmtﬁgjenz’c bacteria, viruses, and cy&t&  present in
water because chlorine is a stron 1g oxidant. From the results done at ﬂc (@} ?f‘faﬁoratoﬁes show that the water Wuent
lg%er 33 }thr[ chlorination  processes are ﬁee ﬁvm total and’; féca/ cofz'fzvrm, that mean Jow qﬁQdencr}/ cyp _pretreatment

ﬁftenf ﬁr refea&'}y féca/ and total cofz_'ﬁvrm does not ajﬁléctec[ the ﬁna/ water Yuafilf}/ ﬁr Jﬁn@nj at %J‘W Flso ﬁr
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Fe concentrations that are ﬁ‘ij/; alfso slow sand ﬁ/ter can remove iron and decreased it to allowable concentrations ﬁr

frink;'nj.

CHAPITER 5

Gonelusions and &commenc[aﬁon

5.1 Gonclusions

1. The roujﬂnjﬁﬁers eﬁquent Yuafz'lf}/ met the z'nﬂuent reyuz'rement of‘cézg f‘Fz'n this Jtul[!}/ ofyeeﬂf than 20
m imffyz'nj that under the  given process conditions a ﬁftratz'on rate of\ 1. 5m/ for and o.5m/ for - produces a good”

results without addition (?f‘an'}/ cﬁémica/w‘it/ftur[iﬁ@ range 20 to 100 m

2. This Jtudj/ conﬁrm& that use of‘ cozgufzmt [efére rouj/;z'nj ﬁftratz’on yz'efz[& better eﬁfuent Yuafz't] fér

turﬁcﬁ?}/ water canal more than 100 mﬁom the results #fter runs at the same conditions and r[ém:yn

P arameters.

3. %cconﬁ'nj to ﬁefzf Jtut{j/ done, water turﬂrﬁ'@/ at ;%Eﬂll‘l er Wctma/ s not constant, its

increased at rainy dk]& as ﬁffow’&

. mriuﬁlf}/ first increased to more than 1000 NTU for few kours then its decrease to Jess than 300 and’

200 W?Wafem fér ﬁw hours and sometimes ﬁr one (lil] that can enter ﬁ/tenf with addition of‘ coajufant

Jaretreatment.

. The mest dominant turﬁzﬁ'@/ range ﬁom 200 90 ﬁr féw t[ay& that can enter the ﬁ/ter& without use o]“

cmgu/ant &ffemﬁ'x 3 )

d %riuﬁlj}/ in summer s Jow (feo‘w than 5 M) and no need | ﬁr - pre treatment.
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. ;ﬁ[ﬁnj a sedimentation tank. ﬁbyque rouj/fz'nj ﬁ/ter s more féa&iﬁfe to decrease the /fzjﬁ water canal

turﬁz’ﬂtf}/ at raz'n}/ season produced. b:y sotf erroston.

4. (;zlﬁat jaber water canal'is ﬁj/ff(}/ JaoffuteJ with TG and TG due to several Joo/futz'on sources seen according
ﬁef([ investigation @ffentﬁm 5) Jike ;%Wmuf waste water zli'gao&af ﬁom Israeli settfements and also, because

its open can al that can Jaoffutec[ ﬁom zﬂﬁ%rent other sources Jao/futant&.

5. From total and’ fécaf cofz'férm result the ejﬁquent Jaz’fot ﬁfter water s stilf [acterz'oftvjz'caf /z‘ir'j/zd because o]p Jow
water retention time. From the results done at ﬂ@%faﬁorﬂon’e& show that the water eﬁquent tg%er S F and
chlorination  processes are ﬁee ﬁom total and fécaf cofz"form that mean Jow gﬁQcienf}/ o]f]oretreatment ﬁftenf fér re/eaJinj

ecal and total coliferm does not affected the final water guality for drinking at ;iz, W
qualiy. g
5.2 cg ecommendation.

1. Further research studies are needod to  prevent contamination o]p water canal ﬁom waste water tﬁ'gommf ﬁom

Jiﬁérent sources that d\féctet[ Fin a&‘;lw‘w‘ar and %ffift springs szfemﬂm 5) .

2. azom'nten ance gf open can af between ,fz'n aﬁw‘w‘ar and.. fz'n %ﬁ @z;ft is important to achieve this > prevention to

avoid mixing with waste water, due to a jooc[ water quafiq}/ and quantigl of‘ Fin aff;lw‘umr, and then connected with open

transport canal féerﬁnj ;ZZW

3. Watershed: management Ja/an should be z[evefofet[ to reduce water Jaoffutz'on Joads o]p un controlled waste

cli'gm&a/ sttes and winter run«ﬁ‘ events.

4, Furthermore measurements ﬁr Fe afier - pre-treatment and. a]%er D9 ?‘Eefére d}ink;'nj are needed when

cotyufant use to measure the ejﬁqdenc:}/ (ff oY) ?z’n remcvinj E.
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[APPENDICES]

APPENDICES

;z]afenc[ix 1 ﬁetm’fecf measurements of_]'ar tests experiments done at Aqbat Jaber

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.5 129 0 1 Blank
u | 10 | 2]
7.80 10.4 20 3
9 | 30 | a]
7.59 5.3 40 5
7.43 0.0 50 6

Date: 30-1-2008
Coagulant: ferric chloride

Turbidity: 230-240

PH: 8.6
PH Turbidity NTU Coagulant Dose mg/I Beaker #
7.91 9.29 10 1
257 | 20 | 2]
7.63 0.95 30 3
oas | 0 | 3
7.31 0.0 50 5
7.18 0.0 60 6

Date: 31-1-2008
Coagulant: ferric chloride
Turbidity: 65-70

PH: 8.7

Temperature: 10.2Co

PH Turbidity NTU Coagulant Dose mg/I Beaker #
7.73 104 10 1
76 | 20 | 2]
7.40 56 30 3
27 | 20 | ]
7.36 7.12 50 5
7.30 5.31 60 6

Date: 31-1-2008
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Coagulant: ferric chloride
Turbidity: 395-400
PH: 7.84

Temperature: 10.6C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.3 27 0 1 Blank
: | 10 | 2]
7.81 1.56 20 3
00 | 30 | a]
7.46 0.0 40 5
7.34 0.0 50 6

Date: 31-1-2008
Coagulant: ferric chloride
Turbidity: 37-39

PH: 8.3

Temperature: 10.1C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.3 7.18 10 1
179 | 20 | 2]
7.81 0.87 30 3
014 | 10 | ]
7.46 0.0 50 5
7.34 0.0 60 6

Appendix 1: (continued)

Date: 04-2-2008
Coagulant: ferric chloride
Turbidity: 210-235

PH: 8.68

Temperature: 11.1C°



[APPENDICES]

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.54 17 0 1 Blank
12 10 | 2]
7.81 0.65 20 3
0 | 30 | a]
7.52 0 40 5
7.40 0 50 6

Date: 04-2-2008
Coagulant: ferric chloride
Turbidity: 138-140

PH: 8.6

Temperature: 9.6C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #

8.4 9 0 1 Blank
4.49 | 10 | 2|

7.98 3.7 20 3
15 | 30 | 4]

7.49 0.0 40 5

7.43 0.0 50 6

Date: 05-2-2008
Coagulant: ferric chloride
Turbidity: 30-35

PH: 8.2

Temperature: 18.1C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #

8.4 13 0 1 Blank
3.98 | 10 | 2]

7.87 2.1 20 3
1.93 | 30 | 4]

7.49 0.0 40 5

7.43 0.0 50 6

Date: 05-2-2008
Coagulant: ferric chloride
Turbidity: 40-45

PH: 8.5
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Temperature: 18.1C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.1 6 0 1 Blank
29 | 10 | 2]
7.81 0.73 20 3
0.0 | 30 | 4]
7.49 0.0 40 5
7.43 0.0 50 6

Appendix 1: (continued)

Date: 08-2-2008
Coagulant: ferric chloride
Turbidity: 30

PH: 8.3

Temperature: 10.1C°

PH Turbidity NTU Coagulant Dose mg/| Beaker #
8.1 175 0 1 Blank
n | 10 | 2]
7.6 8.29 20 3
7 30 | ]
7.19 14 40 5
7.0 0.0 50 6

Date: 12-2-2008
Coagulant: ferric chloride
Turbidity: 500-530
PH: 8.0
Temperature: 10.2 C°

* Sample were prepared by dilution from 1000NTU sample(the sample were take in 31-1-2008) in water from canal.
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PH Turbidity NTU
8.1 215
19
7.7 11.4
6.1
7.3 2.5
7.0 1.4

Date: 13-2-2008
Coagulant: ferric chloride
Turbidity: 750-800

PH: 8.4

Temperature: 13.2 C°

* sample were prepared by dilution from 1000NTU sample(the sample were take in 31-1-2008) in water from canal.

PH Turbidity NTU
8.3 33
7.90 4.11
3.23
7.42 1.28
7.23 0.0

Date: 15-2-2008
Coagulant: ferric chloride
Turbidity: 80-85

PH: 8.4

Temperature: 10.2 C°

Appendix 1: (continued)

PH Turbidity NTU
8.1 19

22
7.80 0.89

0.0

Coagulant Dose mg/I Beaker #
0 1 Blank
10 2 |
20 3
30 4 |
40 5
50 6

Coagulant Dose mg/I Beaker #
0 1 Blank
10 2 |
20 3
30 4 |
40 5
50 6
Coagulant Dose mg/I Beaker #
0 1 Blank
10 2 |
20 3
30 4 |
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7.65 0.0 40 5
7.59 0.0 50 6

Date: 16-2-2008
Coagulant: ferric chloride
Turbidity: 50

PH: 8.1

Temperature: 10.2 C°

PH Turbidity NTU Coagulant Dose mg/| Beaker #
8.1 7.2 0 1 Blank
0.80 | 10 | 2]
7.80 0.0 20 3
0.0 | 30 | 4]
7.50 0.0 40 5
7.44 0.0 50 6

Date: 16-2-2008
Coagulant: ferric chloride
Turbidity: 30

PH: 8.2

Temperature: 10.1C°

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.1 442 0 1 Blank
289 | 10 | 2]
7.67 19.9 20 3
7.14 | 30 | 4]
7.41 3.63 40 5
7.28 1.33 50 6

Date: 19-2-2008
Coagulant: ferric chloride
Turbidity: 1000 NTU

PH: 8.2

Temperature: 11.7C°
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PH Turbidity NTU Coagulant Dose mg/| Beaker #
8.24 143 0 1 Blank
7.85 | 10 | 2]
7.71 3.25 20 3
0.58 | 30 | 4]
7.44 0 40 5
7.26 0 50 6

Date: 19-2-2008
Coagulant: ferric chloride
Turbidity: 300 NTU
PH:8.3

Temperature: 11.7C°

Appendix 1: (continued)

PH Turbidity NTU Coagulant Dose mg/I Beaker #
8.29 461 0 1 Blank
o | 10 | 2]
7.77 36.9 20 3
145 | 30 | ]
7.13 9.3 40 5
7.87 6.8 50 6

Date: 25-2-2008

Coagulant: ferric chloride
Turbidity: more than 1000 NTU
PH: 8.4

Temperature: 11.7C°
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;zpfentﬁ'x 2: iﬁetaz'féd- measurements ﬁr a/fJn'/ot ﬁ/ter& runs done at ayiat jaber.

Sample Parameter Sampling time
port
7:15 8:05 8:40 | 9:15 | 10:20 11:30
pm pm pm pm R pm
A ettty Nl b 1153 | 134 |94 |9 6.7 6.8
B Turbidivy NTCh 4.10 6.27 4.3 3.6 2 0.1
C Tearbiidity NTCh 0.80 4.3 2.43 1.4 0 0
D Turbidivy NTCh 3.90 3 2.2 0.7 0 0
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| Final | Turbidity NTU | 3.89 | 3.69 | 2.3 | 1.1 | 0

Filter Run 1A

Date of experiment: 4-2-2008

'ﬁtartz'nj time: 4000 pm

Filter medium depth (?f): 170m
Golumn diameter ( ﬂ) 25¢0m

&w water turbidity: not censtant 25-75
Filtration rate: o. 57n/ hr

Water temperature: 10.8 G

PH: 3.3

Fewable efffuent turbidity: 20 NTC

Cozgu/ant dose: 0.0 *t;z aE, t ;D (/t{}/em‘ (zf ﬁfter ﬁom the bottom ( %) totop ( ;ﬁ) )
Sample Parameter Sampling time
port
3:15 5:30 7:30
2 | pm
A irﬁz’t[z’ty 9\#‘([ 12 15 11
B Turbidity NTU 7 5
C Tearbidiry NI Ch 2.7 2 1.2
D Teurbidivy NTCE 0 0
Final Turbidity NTU 0 0

Filter Run 2A

Date of experiment: 5-2-2008

Starting time: 12:00 pm

Filter medium depth (H): 170m
Column diameter (D): 25cm

Raw water turbidity: not constant 35-75

Filtration rate: 0.5m/hr
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Water temperature: 16.1C°

PH: 8.4

Allowable effluent turbidity: 20 NTU

Coagulant dose: 0.0

Appendix 2: (continued)

Sample Parameter Sampling time
port
3:15 5:30 7:30
1 pm pm
A Tearhidisy NI CL 20 104 |65
B Fearbidisy NI Ch 10 3.5 1.5
C Tarbidity NTCh 5.4 1.3 0.7
D Teurbidiry NI Ch 0 0 0
Final Turbidity NTU 0 0 0

Filter Run 2B

Date of experiment: 5-2-2008

Starting time: 12:00 pm

Filter medium depth (H): 170m

Column diameter (D): 25cm

Raw water turbidity: not constant 35-75

Filtration rate: 0.5m/hr

Water temperature: 16.1C°

PH: 8.4

Allowable effluent turbidity: 20 NTU

Coagulant dose: 0.0

10
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Filter Run 3A
Date of experiment: 15-2-2008
Starting time: 4:30pm
Filter medium depth (H): 170m
Column diameter (D): 25cm

Raw water turbidity: not constant 25-87 NTU

Filtration rate: 1.5m/hr

Water temperature: 10.2C°

PH: 8.1

Allowable effluent turbidity: less than 20 NTU

Coagulant dose: 0.0

7:30 | 8:30 | 10:00 | 11:00 | 12:00 | 1:00 2:00 | 3:00 | 6:00 | 7:00 | 8:00 | 10:00 | 2:00 | 4:30
PM PM PM PM AM AM AM AM AM AM AM AM PM PM
A Turbidity 23 17.4 | 145 12 134 13.54 | 11.4 | 9.65 | 5.47 | 8.30 | 8.22 | 8.50 9.65 | 8.40
NTU
B Turbidity 22 13.6 | 12 10.7 13 12 10 7.60 | 6.9 8.10 | 7.70 | 7.20 8.00 | 8.00
NTU
C Turbidity 18.6 | 10.6 | 9.6 9.46 10.8 9.65 9.3 7.20 | 5.50 | 6.40 | 6.10 | 7.00 7.30 | 6.30
NTU
D Turbidity 16.6 | 9.13 | 8.78 8.16 9.26 8.58 7.5 590 | 3.89 | 2.70 | 5.40 | 6.50 7.00 | 7.60
NTU
Final Turbidity 15 8.76 | 8.40 8.10 9.20 8.30 7.3 585 | 4 240 | 470 | 6.40 6.60 | 7.60
NTU
Appendix 2: (continued)
Filter Run 3B
Date of experiment: 15-2-2008 Filtration rate: 0.5m/hr
Starting time: 4:30pm Water temperature: 10.2C°
Filter medium depth (H): 170m PH: 8.1
Column diameter (D): 25cm Allowable effluent turbidity: less than 20 NTU
Raw water turbidity: not constant 25-87 NTU  Coagulant dose: 0.0
7:30 | 8:30 10:0 11:00 | 12:0 1:00 2:0 3:00 | 6:0 7:0 8: | 10:00 2:00 | 4:30
PM PM 0PM | PM 0AM | AM 0 AM | O 0 0 | AM PM | PM
AM AM | AM | O
A

11
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M
A Turbidity 16.2 13 10.90 | 9.00 15.26 | 12.95 | 8.42 | 9.80 | 4.67 | 7.99 | 9. | 10.50 8.30 | 8.00
NTU 0 0
0
B Turbidity 13.0 10.20 | 7.00 | 8.20 11.60 | 9.95 | 7.48 | 7.00 | 4.60 | 5.90 | 6. | 8.10 8.00 | 7.70
NTU ] 1
0
C Turbidity 12.2 10.00 | 690 | 730 |6.70 |8.20 | 7.00 | 4.85|5.90| 4.30| 3. | 6.00 6.50 | 4.28
NTU 0 5
8
D Turbidity 9.95 9.49 3.52 6.19 5.92 5.76 5.00 | 2.80 | 2.10 | 2.80 | 3. | 4.00 4.70 | 2.70
NTU 1
0
Final Turbidity 9.83 9.00 3.60 6.10 5.89 5.67 5.00 | 3 3.10 | 2.30 | 3. | 4.00 4.40 | 2.00
NTU 2
0
Filter Run 4A
Date of experiment: 14-5-2008 Filtration rate: 1.5m/hr
Starting time: 3:00pm Water temperature: 26.0C°
Filter medium depth (H): 170m PH: 8.4
Column diameter (D): 25cm Allowable effluent turbidity: less than 20 NTU
Raw water turbidity: not constant 0.0 —4.0 NTU  Coagulant dose: 0.0
Sample parameter Sampling time
port
14/5/2008 15/5/2008 16/5/2008 17/5/2008
6:00 11:00 7:00 3:00 6:00 11:00 7:00 3:00 6:00 11:00 | 7:00 3:00 6:00 :
PM PM AM PM PM PM AM PM PM PM AM PM PM l
A Turbidity NTU 0.09 0.0 0.0 0.94 0.0 0.20 0.2 0.15 0.6 0.42 0.0 1.18 2.40 (
B Turbidity NTU 0.0 0.0 0.0 0.61 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.34 1.0 (
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 (
D Turbidity NTU | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (
Final Turbidity NTU | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (
Appendix 2: (continued)
Sample port | parameter Sampling time
18/5/2008 19/5/2008 20/5/2008 21/5/2008
7:00 3:00 11:00 7:00 3:00 11:00 7:00 3:00 6:00 | 11:00 7:00 3:00 6:00
AM PM AM AM PM PM AM PM PM PM AM PM PM
A Turbidity NTU 0.0 2.27 0.0 0.55 0.0 0.47 0.0 0.05 04 0.16 0.22 0.60 0.15 l
B Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Final Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12
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Sample parameter Sampling time
port
22/5/2008 23/5/2008 24/5/2008 25/5/2008
7:00 3:00 11:00 7:00 3:00 11:00 7:00 | 3:00 6:00 11:00 7:00 3:00 6:00
AM PM AM AM PM PM AM PM PM PM AM PM PM
A Turbidity NTU 0.0 0.17 0.0 0.0 0.46 0.0 0.0 0.15 0.0 0.0 0.25 0.95 0.0
B Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Final Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample port parameter Sampling time
26/5/2008
7:00 3:00
AM PM
A Turbidity NTU 0.21 0.50
B Turbidity NTU 0.14 0.0
C Turbidity NTU 0.0 0.0
D Turbidity NTU 0.0 0.0
Final Turbidity NTU 0.0 0.0

Appendix 2: (continued)

Filter Run 4B

13
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Date of experiment: 14-5-2008

Starting time: 3:00pm

Filter medium depth (H): 170m

Column diameter (D): 25cm

Raw water turbidity: not constant 0.0 — 4.0 NTU

Filtration rate: 0.5m/hr

Water temperature: 26.0C°

PH: 8.4

Allowable effluent turbidity: less than 20 NTU

Coagulant dose: 0.0

Sample port parameter Sampling time
14/5/2008 15/5/2008 16/5/2008 17/5/2008
6:00 11:00 7:00 3:00 6:00 11:00 7:00 | 3:00 | 6:00 11:00 7:00 | 3:00 | 6:00 :
PM PM AM PM PM PM AM PM PM PM AM PM PM I
A Turbidity NTU 0.0 0.00 00.0 0.40 0.0 0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1
B Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
D Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
Final Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [
Sample port parameter Sampling time
18/5/2008 19/5/2008 20/5/2008 21/5/2008
7:00 3:00 11:00 7:00 3:00 11:00 7:00 | 3:00 6:00 | 11:00 | 7:00 3:00 | 6:00 11:00
AM PM AM AM PM PM AM PM PM PM AM PM PM PM
A Turbidity NTU 0.0 0.47 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.15 0.0
B Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Final Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample port parameter Sampling time
22/5/2008 23/5/2008 24/5/2008 25/5/2008
7:00 3:00 11:00 7:00 3:00 11:00 7:00 | 3:00 6:00 | 11:00 | 7:00 3:00 | 6:00 11:00
AM PM AM AM PM PM AM PM PM PM AM PM PM PM
A Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
B Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Final Turbidity NTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample port parameter Sampling time
26/5/2008
7:00 3:00
AM PM
A Turbidity NTU 0.0 0.0
B Turbidity NTU 0.0 0.0
C Turbidity NTU 0.0 0.0
D Turbidity NTU 0.0 0.0
Final Turbidity NTU 0.0 0.0
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Appendix 2: (continued)

Filter Run 5A

Sample port | Parameter Sampling time

4:00 AM 8:00 AM 1:00 AM
A Turbidity NTU 568 565 481
B Turbidity NTU 95 344 495
C Turbidity NTU 30.5 231 153
D Turbidity NTU 0.8 26 112
Final Turbidity NTU 0.63 26 112

Date of experiment: 13-8-
2008
Starting time: 11:00 PM
Filter medium depth (H): 170
Column diameter (D): 25 cm
Raw water turbidity: 950 NTU
Filtration rate: 0.5 m/hr
Water temperature: 25 C°
PH:8.1
Initial head loss: 0

Allowable effluent turbidity: 20 NTU

Coagulant dose: 30 mg/| Fecls

15
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Sample Parameter
port

Sampling time

4:00 AM

8:00 AM

1:00
PM

Turbidity NTU

667

554

473

Turbidity NTU

426

357

382

Turbidity NTU

334

252

270

g 0| = >

Turbidity NTU

183

169

159

Final Turbidity NTU

182

169

159

Filter Run 5B

Date of experiment: 13-8-2008
Starting time: 11:00 PM

Filter medium depth (H): 170
Column diameter (D): 25 cm

Raw water turbidity: 950 NTU
Filtration rate: 0.5 m/hr

Water temperature: 25 C°

pH: 8.1

Initial head loss: 0

Allowable effluent turbidity: 20 NTU

Coagulant dose: 0

Appendix 2: (continued)

Sample port Parameter

Sampling time
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1:30 AM 5:30 AM 9:30
AM
A Turbidity NTU 614 648 515
B Turbidity NTU 363 392 388
C Turbidity NTU 131 211 267
D Turbidity NTU 3.7 12.7 113
Final Turbidity NTU 3.5 12.6 111
Filter Run 6A
Date of experiment: 14-8-2008
Starting time: 11:00 PM
Filter medium depth (H): 170
Column diameter (D): 25 cm
Raw water turbidity: more than 1000 NTU
Filtration rate: 0.5 m/hr
Water temperature: 23 C°
PH: 8.2
Initial head loss: 0
Allowable effluent turbidity: 20 NTU
Coagulant dose: 40 mg/| Fecls
Sample port Parameter Sampling time
130 AM. 530 AM 9:30
AM
A irﬁiﬁy ﬂﬁ(l 77 S5% 612
B Terbiidity NTCL 435 421 396
C Turbidity NI 354 332 289
D Turbidity NTU 188 74 166
Final Turbidity NTU 188 174 166

Filter Run 6B

17
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Date of experiment: 14-8-2008
Starting time: 11:00 PM

Filter medium depth (H): 170
Column diameter (D): 25 cm
Raw water turbidity: more than
1000 NTU

Filtration rate: 0.5 m/hr

Water temperature: 23 C°

PH: 8.2

Initial head loss: 0

Allowable effluent turbidity: 20 NTU

Coagulant dose: 0

;Z]afemﬁx 3! mrﬁuﬁl}/ measurements ﬁom water canal (z’nﬂuent) ﬁr aff(]n’ﬁot& ﬁ/ter runs done at agbat

Changes in turb
80
70—\ —e—Turbidi
60
2 50
Z 40 A
g 30 \\
2 20
10
0 T T T T T
715 8:05 840 915 10:20 11:30 _
PM PM PM PM PM PM Time

Change in turbidity for experiment 1A

Turbidity

SN W s O~ o
Cooco oo o oo

Changes in turl

3:15 5:30 7:30 Tim«
PM PM PM

Change in turbidity for experiment 2A 2B
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Changes in turbidi Changes in turbid
100 45
80 1 _ 2 4 ] o Turbidity —1
AN /\ 33 =
z N~ RN Z .5t Al
5 40 N 2 SN 2 A N
2 20 ] L o S AP 4 e ey
0 madCLLULLL 01, A V'\,I\/ LVAVAWAWAN
PRV VA SN SR S AL VAR )
SLLSL NS T R WO W WA R
¥ \@ ¥ rbQTim,\f \@ v @QQ'\‘@:\'@QG@Q%@Q«@‘:@}«@Q«QQ‘:«“Q%QN@:\@Q%@Q%@:ime
Change in turbidity for experiment 3A 3B Change in turbidity for experiment 4A 4B

e;zpfencﬁ'm 4 Woadz %f—‘gift Jtultj/ area ﬁjurew taken aﬁmj Jtudj/  periods.
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mzmgwrt:ation canal1s 76;11 afonj wad? %f - égz_ft area that trangoortec[ water ﬁom «;Zf— ‘gzjt gorz'nj

;z;afemﬁ’x 4 (continueJ)
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;zpfentﬁ'x 5t %rﬁz’ﬂl}/ measurement in water canal accor(ﬁ:nj 1007/:&008 at rain] season.

Date Turbidity
(NTU)

1.9.2007 0.85
2.9.2007 0.76
3.9.2007 1.45
4.9.2007 33.31
5.9.2007 36.31
6.9.2007 2.5

21
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8.9.2007 2.38
9.9.2007 4.15
10.9.2007 2.45
11.9.2007 2.1
12.9.2007 2.45
13.9.2007 2.93
15.9.2007 2.18
16.9.2007 2.38
17.9.2007 4.13
18.9.2007 3.51
19.9.2007 1.98
20.9.2007 5.19
21.9.2007 5.61
23.9.2007 1
24.9.2007 1.05
25.9.2007 4.16
26.9.2007 2.85
27.9.2007 2.6
29.9.2007 8.4
30.9.2007 2.13
mrﬁcﬁtf}/ in ngptemﬁer

t;zjgaemﬁm 5 ( contz'nuecl)
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Date Turbidity
(NTU)

1.10.2007 3.99

2.10.2007 2.72

3.10.2007 1.05

4.10.2007 1

6.10.200 2.08
7

7.10.2007 2.14

8.10.2007 0.8

9.10.2007 2.4

10.10.200 2.02
7

11.10.200 1.9
7

13.10.200 4
7

14.10.200 0.3
7

15.10.200 0.3
7

18.10.200 2.1
7

20.10.200 4.43
7

21.10.200 4.43
7

22.10.200 2
7

23.10.200 2.71
7

24.10.200 1.43
7

25.10.200 2.6
7

27.10.200 2.48
7

28.10.200 54
7

29.10.200 2
7

30.10.200 3
7

31.10.2007 2.24

23
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%r[;z'tﬁtj/ in October

v;zjﬂfenc[z’.x 5 ( contz'nuet[)

Date Turbidit
y (NTU)

1.11.200 2
7

3.11.200 2.45
7

4.11.200 12.16
7

5.11.200 11.43
7

6.11.200 5.34
7

7.11.200 5.62
7

8.11.200 2.93
7

10.11.20 18.86

07
11.11.20 8.63
07
12.11.20 2.95

24
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07

13.11.20
07

2.73

14.11.20
07

5.82

15.11.20
07

17.11.20
07

2.6

18.11.20
07

2.83

19.11.20
07

1.9

20.11.20
07

1.85

21.11.20
07

5.36

26.11.20
07

4.2

27.11.20
07

2.5

28.11.20
07

1.43

29.11.20
07

4.33

25
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%rﬂﬂt}/ in W;vemier

t;zjgaemﬁm 5 ( contz’nuecl)

Date Turbidity
(NTU)
1.12.2007 1.52
2.12.2007 1
3.12.2007 2.51
4.12.2007 2.93
5.12.2007 3.02
10.12.2007 243
11.12.2007 2.4
12.12.2007 2.63
13.12.2007 2.47
15.12.2007 2.73
16.12.2007 3.12
17.12.2007 2.9
18.12.2007 1.89
20.12.2007 2.9
22.12.2007 4.12
23.12.2007 3.65
24.12.2007 2.09
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25.12.2007 2.13
26.12.2007 0.53
27.12.2007 2.8
29.12.2007 1.95
30.12.2007 1.53
31.12.2007 1.6
mrﬁtﬁ'é}/ in :ﬁecemﬁer

c;z]gaemﬁx 5 ( contz'nuer[)

Date Turbidity
(NTU)

1.1.2008 1.5

2.1.2008 3

3.1.2008 2.7

5.1.2008 2.09

6.1.2008 2

7.1.2008 1.96

8.1.2008 1.5

9.1.2008 0.78

10.1.200 212
8

12.1.200 1.79
8

13.1.200 1.83
8

14.1.200 1.65
8

15.1.200 1.1

27
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8
16.1.200 1.84
8
17.1.200 0.45
8
19.1.200 0.91
8
20.1.200 0.95
8
21.1.200 0.27
8
22.1.200 0.2
8
23.1.200 0.15
8
24.1.200 0.18
8
26.1.200 0.09
8
27.1.200 0.78
8
28.1.200 0.12
8
29.1.200 0.41
8
30.1.200 741
8
31.1.200 760
8
%rﬂ(ﬂ?}/ inJ;lnuary
Date Turbidity
(NTU)
2.2.2008 80
3.2.2008 72.5
4.2.2008 41.125
5.2.2008 47.8
6.2.2008 37.2
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7.2.2008 41.58
8.2.2008 23.53
9.2.2008 2.203
10.2.2008 18.5
11.2.2008 9.09
12.2.2008 5.8
13.2.2008 19.36
14.2.2008 14.38
15.2.2008 72
16.2.2008 55.17
17.2.2008 21.5
18.2.2008 24.16
19.2.2008 29.7
20.2.2008 95.5
21.2.2008 80.25

c;z]gaemﬁx 5 ( contz'nuer[)

%rﬁdz’z?}/ in Eﬁrum:y

o;zjofem{z’x é: ddeve anaf'}/m's results done at Dirzeit um’vensz’t'}/ Jab.
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Appendix 7 : Pumps stock solution flow Calculation
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For 10 mg/| Fecl; dose, 1ml of stock is needed in 1 litter of raw water, so we have 24.5 litter/hr raw water

flows because of that we need 24.5 ml Fecl; stock solution or 0.025 I/hr.

The equation is
# ml stock solution * flow/1000 = pump flow litter per hour.

Q max of pump = 0.6 litter per hour so when the flow of stock solution is 0.025 I/hr as in (table 3.1) the

percentage of flow need by this pump is 0.025/0.6*%100 = 4.2 %.

The equation is

Pump flow/0.6 * 100

Table 3.1 used to turn on the pump for choosing coagulant dose according to turbidity entered the

columns. The selection of coagulant dose is depending on the jar test result optimum dose.

Table 3.1: Pump flow of stock coagulant For Filtration rate 0.5 m/h, raw water flow 24.5 I/hr, Q max of

pump 0.6 I/hr.
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% of pump from | Flow of pump Stock solution Dose
Q max I/hr ml me/|

4.2 0.0245 1 10

8.16 0.049 2 20

12.3 0.074 3 30

16.3 0.098 4 40

20.3 0.122 5 50

24.5 0.147 6 60

28.7 0.172 7 70

32.7 0.196 8 80

* Q max: The maximum capacity of the pump

Pump flow for the second pump that has Q max 3.3 I/hr was also calculated, Table 3.2 show the pump flow

at the same 24.5 |/hr flow of raw water.

Table 3.2: Pump flow of stock coagulant for filtration rate 0.5 m/h, raw water flow 24.5 I/hr, Q max of
pump 3.3 I/hr.

32



[APPENDICES]

% of pump from | Flow of pump Stock solution Dose
Q max I/hr ml me/|

0.74 0.0245 10

1.48 0.049 20

2.24 0.074 30

2.97 0.098 40

3.70 0.122 50

4.45 0.147 60

5.2 0.172 70

5.9 0.196 80

Pump flow for the two pumps that has a 73 I/hr raw water flow was also calculated, (Table 3.3 and 3.4).

Table 3.3: Pump flow of stock coagulant for filtration rate 1.5 m/h, raw water flow 73 I/hr, Q max of pump

0.6 I/hr.

% of pump from
Q max

Flow of pump
I/hr

Stock solution
ml

Dose

mg/|

12.16

0.073

10
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24.33 0.146 2 20
36.5 0.219 3 30
48.66 0.292 4 40
60.83 0.365 5 50
73 0.438 6 60
85.1 0.511 7 70
97.3 0.584 8 80

Table 3.4: Pump flow of stock coagulant for filtration rate 1.5 m/h, raw water flow 73 I/hr, Q max of pump

3.31/hr.

% of pump from | Flow of pump Stock solution Dose
Q max I/hr ml mg/|

2.21 0.073 1 10

4.42 0.146 2 20

6.63 0.219 3 30

8.84 0.292 4 40

11 0.365 5 50

13.3 0.438 6 60

15.5 0.511 7 70

17.7 0.584 8 80
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According to calculations and tables above the coagulant stock solution flow were controlled, the low

capacity pump was used with low raw water flow in order to getting a precise dosing.
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