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ABSTRACT

Dicect [iltcation system has been employed as altecnative to the coaveation-
al coagulation-floccutation-sedimentation-filtration system for treating surface
water. The major advantage ol a direct filiration plant over a conventional
treatment plant is a capital cost savings of approximately 20-30 percent.

This study was conducted 1o obtain comparative field performance evalua-
tion of direct filtration system for treating the Nile River water for domestic
use. A pilot plant for this study was constructed. The pilot plant was located
in the water trea:ment plant of EL-Nasc Co. for Fertihzer and Zhemical [n-
dusuies at Talkha, Dakahlia. The ptlot plant consisted of a coarse media lilter
{ollowed by a dual media {ilter.

" In this study, several variables were monitored. Some varjed naturally,
other varigbles were moditied by the researcher and others were held constant
through the study. Natural varjables were raw water turbidity, pH,and total
plankton popuiation, Experimental variables were chemicals dosages, filtration
rates and operation methods. Media types, shapes and size, and depth were held
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constant. The effect ol these variables were discussed, The result of this study
showed that the Nile River water can be successfully treated under difierent
modes of Direct Filtration.

INTRODUCTION

Direct filtration system has been employed as alternative to the conventional
coagulation-flocculation-sedimentation-filtration system [or treating surface
water. Direct filtration process used when raw water turbidity and color are
relatively Jow. The majn difference between the two processes is that complete
conventional treatment includes {locculation and sedimentation facilites to reduce
the solid's load going to lilters, while direct filtration process eliminates sedimenta-
tion {acilities in which the solids in water have to be removed by filters.

Culp (3) stated that a potential saving up to 30% of the capital costs may
be realized. He also points out that direct filtration accomplishes the same
water treatment goals as a conventional system, but may do so at lower costs
under cerlain circumstance. {t is, therefore, available alternative for water
treatment in developing countries where {unding for municipal facilities may
be low.

Several {low schemes of direct filtration for low turbidity surface water
have been practiced. !f the flow scheme includes coagulant and/or polymer
addition, rapid mixing, flocculation and filtration, the scheme is termed "Direct
Filtration*. If the flocculation step is absent, the tlow scheme is termed "Direct
In-Line Filtration". Direct filtration dose not include use of separate sedimenta-
tion facilities. When the {iltration process consists of chemical addition prior
to a coarse media filter {ollowed by a dual or multi-media (lilter, the process
is called (wostage direct filtration (4).

The Nile River water course and water quality were subjected to changes
due to natural and artificial factocs (the construction of Aswan Reservoir, Edfine
Barrage, the large embankment near Faraskour, and the recent completion of
Aswan High Dam). The construction of the High Dam has caused the annual
autunn flood 1o disappear. Millions tons of suspended solid carried by water
are being settled upstream the High Dam, and the suspended snlids areibeing settled
upstream the High Dam, hence, the raw water turbidity and color are become
much lower than before constructing the High Oam . The principal objective
of this study was to evaluate the direct filtration under the Egyptian conditions.
Specifically, the study was designed to determine:

1. Whether the direct filtration process can be used for treating the Nile River
waler.

2. Which mode is more economic, Two-Stage Direct filtration or the Direct
In-line Filtration mode?

3. The possibility of lowering the turbidity level to 1.0 NTU with minimal
chemical pretreatment.

MATCRIAL AND METHOD

A pilot plant tor this study was constructed. The pilot plant was located
in the water treatment plant of EL-NASR Co. for Fertilizer and chemical
Industries at Talkha, Dakahlia. The pilot plant, (Figures | & 2) consisted of
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a coarse media fiiter Jollowed by a dual media {ilter.

Two steel columns having a diamerer of 20 cm were used to hause the {ilter
media. One column served as a clarifier (coarse media filter} and the second
served as a dual media filter. The clarifier contained 130 c¢m of fine gravel
having an eliective size of 3.6 mm, uniformity coefficient of 1.2 and porosity
of 0.35. The dual media [lilter contained 50 cm ol anthracite coal having an
effective size of 0.82 mm, uniformity coelficient of 2,0, and porosity of 0.42
mm, and 30 cm of silica sand having an eifective size of 0.44 mm, uniformity
coetlicient of 1.55 and porosity of 0.38.

The chernical used in this study was alum because the raw water pH was
in the range ol 7.5 to 7.8. The percent of /\12(50,')3 concentration in the
commercial alum was 53.35% .

The PH meter was a Model (40 A, manufactured by Fisher Accumet Instru-
ments, U.S.A. The turbidimeter was a Model DRT-15B, manufactured by H.F.
instruments, U.S.A. . The turbidimeter have four ranges of NTU readings, 2-1,
0-10, 6-100, and 0-200 .

The raw water which was used in the experimental runs was disinfected
using chlorine by Talkha lactories authorities. The prechlorination dose was varied
according to the working condition of the water treatment plant. The pilot plant
was designed to be washed by raw watec.

The operations of the pifot plant were controlled by ten valves. These valves
faciliated service system backwash,and ripening mades.

Filter run breakthrough was considered to occur when the [final effluent
turbidity exceeded (.0 NTU, or when the water level in the inlet tube reasched
the top level of the inlet funnel certain conditions necessitated. Both the clarifier
and the filter were backwashed at the same ume before and after each run .

RESULTS

Shaaban et al. (5) studied the changes in the phytoplanktan community (algae)
in relation to water temperature, transparency, chlorosity, dissolved oxygen,
total alkalinity, hardness,pH, and nutrient salts in the Damietta Branch of the
Nile River from Mansoura city to the earthy dam near Faraskour, They found
that the seasonal changes of temperature is one of the most important factors
which control the survival and distribution of the phytoplankton population. High
temperature in summer (specially June and July) is favorable for the biooming
ol Cyanophyta and some chlorophyta. They also found that during winter the
total phytoplankton is represented by Diatoms, of which the most prevailing
species is Cyclotella Meneghiniana, being an organism developing in the cooler
months.

Monthly variation of phytoplankton standing crop with its main components
at Taikha station according to their studies shown in Figure 3.

Accerding o the records of the factories laboratories at Talkha, the maximum
turbidity of Nile River water in years 1937 and 1988 was 4.0 NTU, and the pH
ranged from 7.5 to 7.8.
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After several testing runs, twelve successiul runs were conducted to examine
several operation modes such as direct in-line {iltration mode, and two-stage
direct filiration mode with or without chemical pretreatment. Several filtration
rates and chemical dosages were also examined.

Tables ), 2, and 3 summarize the conditionsof each run. Table | presents
cun date, raw and treated water characteristics of turbidity and pH, and run
length. Table 2 presents filtration rate, head loss due to clogging only across
the clarifier, the filter, and across the system, theNTU-cubic meter of turbidity
removed per meter of clogging head loss for the clacitier, filter, and floc the
system, and the alum dosage used in each run., Table 3 presents the head loss
due to friction and clogging, and NTU-cubic meter ol turbidity removed per
meter of total friction and clogging head loss for system.

The twelve runs may be classified as follows:
1- Runs *3, *6, *Il, and *12 were to examine direct in-line filtration system.

2- Runs *|-#4, and Runs *7-'l10 were to examine two-stage direct f{iltration
system.

3- Runs *3-*6 were conducted without using chemical.

4- Runs *[, *2, and Runs #7-#12 were conducted by using chemica)

DISCUSSION

In this study, several variables were monitored. Some varied naturaliy, other
variables were modified by the researchers, and others were held constant through
the study. Natural variables were raw water turbidity, pH, and total plankton
population. Experimental variables were chemical dosages, {iltration rates and
operation methods. Media types, shapes and size, and depth were held constant.
The effect of these variables will be discussed.

Alum was used as the sol coagulant in this study; however, experimental
results showed that alum as a ol coagulant was sufficient to produce f{iltered
water with turbidity below (.0 NTU. Alum dosages used were in the 0.0-8.3 mg/]
range, but most runs were conducred in the 3.5-5 mg/l range as Alz(soq)y

The values of NTU-cubic meter of turbidity removed per meter of head
loss for clarifiers and for filters were used by Wityk, M. (6) to gquantify the
elliciencies of the claritiers and [ilters for each rum. The head loss due to solid
accumulation was used to calculate the values of NTU-cubic meter of turbidity
removed per meter of head loss, (Table 2), 1o make comparison among the chemi-
cal pretreatments and [iltration rates ol the runs.

Runs *1 and *2, and *9 and *10 (Figures (0 & 11), were conducted with
the same (iltration rate. NTU-cubic meter of turbidity removed per meter of
solid accumulation head loss of the total system for Run %2 was greater than
that for Run #], and for Run *10 was greater than that for Run *9. The reason
may be because the alum dose in Runs *2 and *10 were lower than that in Runs
*} and *9. It is clear, from Table 2, that Runs *| have the least value of NTU-
cubic meter of wrbidity removed per meter of solid accumulation head loss
of the total system, this may be due to the action of sweep coagulation mechanism.

In all the following pairs of runs, Run *3, (Figures & & 5) and Run *4, Run
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*5 and Run *6, (Figures 6 & 7) and Run *{}, (Figures 12 & 13) and Run *1Z,
it is found that each pair had the same condition of chemical pretreatment and
overation but the cun of high filtration rate had the higher value of NTU-cubic
meter of 1turbidity removed per meter of solid accumulation head loss of the
total system. That may be because low f{iltration rae does nor push the strained
particles through the media, hence it causes rapid clogging and rapid head .oss
development. Another reason may be due to the lact that larger volume of water
crossed the system at high filtration rate. ° : ;

. Although Run *8, (Figures 8 & 9) was
conducted with filtration rate tess than that of Run *7, and its alum dose was
higher, 1t had higher value of NTU-cubic meter of turbidity remoyed per merer
af salid accumulation head loss for the total system than that for Run #7. This
may be because the majority ol raw water ‘!urbidity through Run *8 might be
due to algae, speciaity Run *8 was canducted in June, in which algac (Cyanophyrta
and Chlorophyta bloams (£).

The average raw water turbidity in Runs #3-%6 was about 2.0 NTU or less
and the filtered water turbidity was in the 0.40-0.88 NTU range. In these rums,
there no coagulants were used. These runs hac the highests values of NTU-—cubic
meter ol turbidity removed per meter of solid accumulation head loss of ihe
tota! system.

When methods ol treatment such as Two-stage direct {iltration method and
Direct in-line fiitration are compared not only the head loss due to solid accumy-
latian should be considered n the calculation of the NTU~cubic meter of turbidity
removed per meter of head loss but alse all the other kinds of losses should be
considered, (Table 3). In Runs *3 - *¢, Run *3, which was coaducted by using
the direct n-line. filtration system, had the highest value of NTU-cubic meter
af turbidity ramoved par meter of totai head loss, this was due 1o the [act that
frication losses ol the clarifier (pipes, media, and undcrdrainage system) were
saved in comparison 0 Runs *3 and “4. Run *6 had value of NTU-cubic meter
of turbidity removed per meter of total head loss less than that of Run *35; that
may be due to the lower filtration rate used in Run 6.

Run 11, which was conducied by using Direct in-line liltration system,
had the highest value of NTU-cubic meter of turbidity removed per meter of
total. head loss in all runs with chemical, with the exception ol Run *8, which
conducted during the moanth of algae blooming.

The NTU<cubic meter of turbidity removed per meter of solid accumulation
of head loss value for the total system of Run *[2 was greater than that value
of Run *1}, (Table 2}; but the value of NTU-cubic meter of turbidity removed
per meter of friction and solid accumulation head loss for Run %12 was smaller
than value of Run *11], (Tabie 3). That was because the friction head loss, across
pipes and underdrainage system, is proportional to square of flow rate (2); and
increasing filtration rate in Run *12 increased the friction head loss more than
in Run ®{]. However , it hydraulic design of the underdrainage system , ard
connectling pipes was properly designed to reduce the effect ol high flow rate;
high values of NTU cubic meter of turbidity removed per meater of total head
loss could be achieved.

1{ the alum dosages vs. pH levels are located in the design and operation
diagram proposed by Amirtharajah and Mills (1), (Figure 14), one can find that
all runs, at which alum were used with the exception of Run *i, agreed with
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a combination of adsorption-destabilization mechanism, which discussed by Amir-
tharajah and Mills {1). 1t can be found that the location of alum dose vs. pH level
for Run *| is in the sweep coagulation zone.

CONCLUSIONS
Results from this f{jeld study lead to the following conclusiaas :

i- Both, Dicect In-line Filtration and Two-Stage Direct Filtration system, can
treal the Nile River water without using chemicals when the river water
wrbidity was less than or aqual 2.0 NTU.

N
1

When the turbidity was less than or equal to 2.0 NTU, a run length of 9.0 days
was achieved ar a [iltration rate of 9.2 m/hr without the use of chemicals.

3- Alum was sufficient for treating Nlle River water. No other chemical was
required or tested.

4- During the period of algae blooming, alum feed rate as low as 4.7 mg/l (as
A, (504 )3 ) was cosisiently able 10 preduce filtered water turbidity below
[.0°NTU. On the other hand, treaiment without chemical was not successiu)
during such period ,

3- Direct In-ine Filtration system successfully treated the Nile River water
monitored in this study al filtration rate as nigh as {5 m/he.

6- The coarse and duat medize in the Two-Stage Diregt Filtration system treated
the Nile River water more ef{ectively than the dual media alone at the Direct
In-line Filtration system.
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