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ABSTRACT

In the water treatment processes, the coagulation and flocculation processes produce sludge according to the level
of the water turbidity. The aluminum sulfate is the most common coagulant used in water treatment plants of
Morocco as well as many countries. It is difficult to manage Sudge produced by the treatment plant. However, it
can be used in the process to improve the quality of the treated water and reduce the aluminum sulfate dose. In this
study, the effectiveness of dudge was evaluated at different turbidity levels (low, medium and high turbidity) and
coagulant dosage to find optimal operational conditions. The influence of settling time was also studied. A set of jar
test experiments was conducted to find the sludge and aluminum sulfate dosages in order to improve the produced
water quality for different turbidity levels. Results demonstrated that using sludge produced by the treatment plant
can improve the quality of the produced water and reduce the aluminum sulfate using. The aluminum sulfate dosage
can be reduced from 40 to 50% according to the turbidity level (10, 20 and 40 NTU). Results show that sludge can
be used in order to reduce the aluminum sulfate dosage and improve the quality of treated water. The highest
turbidity removal efficiency is observed within 6 mg/l of aluminum sulfate and 35 mg/l of Sudge in low turbidity, 20
mg/l of aluminum sulfate and 50 mg/l of sludge in medium turbidity and 20 mg/l of aluminum sulfate and 60 mg/I of
dludge in high turbidity. The turbidity removal efficiency is 97.56%, 98.96% and 99.47% respectively for low,
medium and high turbidity levels.
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INTRODUCTION

The demand on water supply is increasing over dse dentury due to improved lifestyle, industriavelopment
and population growth. This increased demand is1§pa paradox to produce treated water with highliguat
lower cost. In order to reduce the water costs ivéry important to optimize the operating experisethe water
treatment plant (power, chemicals, operator’s egpsn.) and many measures should be taken in thisvis

The treatment of drinking water comprises the @&@matoagulation, sedimentation, filtration andimfisction of raw

water produced by the springs. During the rainfedtiod, the water’s turbidity increases, colloigrticles are
separated in the treatment plant by means of aichénoagulation process: consisting in the chaegabilization
of the suspended particles by adding coagulant.cbagulant used is aluminum sulfate; it is the nvasely used
coagulant in Morocco as well as many other cousiiriethe drinking water industry. It is mainly udeelcause of its
effectiveness, accessibility and low price. As anown practice, aluminum sulfate is applied accaydnthe jars
test results. The main difficulty is how to optimithe aluminum sulfate dosage related to raw wataracteristics
by using other cheaper products. Some attempts baga made to improve the effectiveness of the iakum

sulfate or to substitute this coagulant by anothatural, available and cheaper.Finding of variooagalation

processes have been reported in literature. Sortieesé include; studying the effect of using thatbeite on the
coagulation in the treatment of low turbidity [Blso, Mukheled [2] used Date seeds and Pollen Sresitoagulant
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to treat different levels of turbidity (75, 150 aB@0 NTU). Eman [3] tried MoringaOleifera seed tie ttoagulation
process to treat low turbid water in Malaysia. Hoere Aho [4] highly recommended the use of thisurait
coagulant in the domestic turbid water purificatioiNigeria. Other natural coagulants are propasedn important
alternative in the water treatment plant. The ctags are from plant origin such as nirmali seed amaize [5],

cassia angustifolia seed [6], mesquite bean antlugdatifaria [7], chestnut and acorn [8], Coccinéica fruit

mucilage [9] and from different leguminous spedi&8]. Also, the Bhindi seed, Methi, Beheda , Geaeds and
Drum stick can be used as coagulant in 100 to I¥DO turbid water range with remarkable percentssyaaval

from 70 to 93% [11]. In the other hand, Cocciniaiad Strychnospotatorum and Cactus opuntia were ase
natural coagulant and improved the quality of theered water [12]. Those natural products havegodating

activity in the treatment of turbid water and canused as coagulant or as coagulant aid with aymhetic and
industrial coagulants (aluminum sulfate...) in orderreduce the coagulant consumption in the watsattnent
plant.

This paper addresses the problem of optimizinchefadluminum sulfate consumption in the water treatnplant
and the possibility to substitute it by anothemunaltcoagulant in order to reduce the cost of therating. This paper
is organized as fellows. After an introduction lo€ tobjective of this study, the experimental sectodescribed in
section 11, also,the methodology used to assesstieetiveness of the sludge as coagulant in thegaiation-
flocculation-filtration process is explained. Ircgen lll, the results are presented and discussed.

EXPERIMENTAL SECTION

a/ Water treatment operation

This study was developed in a water treatment ptangited in Meknes in the middle of Moroccan Kingdavhose
source is two big springs Bittit (630 I/s) and Rib@O00l/s). The quality of water produced by thargs changes
according to the rainfall in the region. Sometimgszan be affected by the snow in the Atlas Moimtahe

treatment water plant, as part of other water ness) water to more than 700.000 inhabiatnts of idskcity,

Morocco and has a nominal capacity of 600 I/s eateed water. Figure 1 presents a schematic overefethie

various operations necessary to treat the water.
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Figure 1: simplified synopsis of the water treatmenplant.

Many measurements of variables such as: turbiéigl| PH, conductivity, temperature is needed toycaut the
jars test in order to determine the optimal dosthefaluminum sulfate. The raw water variables uratiis study
present the following variation intervals:

Tablel: statistical summary of raw water conditionsfrom 01/01/2013 to 31/12/2014 (ONEE, 2015)

Variables Min | Max
Turbidity: Bittit (NTU) 1.7 850
Turbidity: Ribaa (NTU) | 1.62 | 960
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PH 6.80| 7.74
Temperature: (°C) 14 | 24.70
Conductivity micro s/cm| 509 624

In the rainfall period, the turbidity of raw watelnanges from time to time as shown in the grapbviaethe turbidity
of the raw water can increase to reach levels iize 900 NTU:
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== Turbidity Bittit

= Turbidity Ribaa

Figure 2: statistical data of turbidity level of the spring’s water from 01/01/2013 to 31/12/2014 (ONE 2015).

However, the turbidity level is less than 10 NTlsttwo last years (2013 and 2014) for more than 8@%he year
and more than 60% of the year (1321 /2191days)tuttmdity is less than 10 NTU for the five lastays as shown
by the table below.

Number of days
Year/ Turbidity Turbidity less or Turbidity more than | Turbidity more than| Turbidity more than Turbidity Total
equal than 5 NTU 5and less or equal 10 and less or 20 and less or more than 40
than 10 NTU equal than 20 NTU| equal than 40 NTU NTU
2009 147 60 101 34 23 364
2010 0 0 113 148 104 365
2011 0 132 144 59 30 365
2012 301 38 17 5 5 366
2013 260 74 23 8 0 365
2014 247 62 32 20 4 365
Total 955 366 430 274 166 2191
955 1321 1751 2025 2191
Pourcentage 44% 17% 20% 13% 8%
Pourcentage of 44% 60% 80% 92% 100%
Aggregated data

Table 2: Turbidity levels distribution from 2009 to 2014 (Number of days per turbidity level).

Year : 2013

BittitSpring RibaaSpring
Month min max min max
January 3,70 | 18,95| 10,00 50,0Q
February 4,50 | 19,00/ 3,95 20,65
March 4,95| 98,40 4,50 136,66
April 6,40 | 21,95| 4,90 32,77
May 3,93 6,30 3,80 5,30
June 3,72 | 4,40 3,34 4,89
July 3,30 | 4,33 2,92 3,62
August 3,00 3,80 2,70 3,46
September | 3,10 | 4,64 2,68 4,15
QOctober 2,90 | 3,99 2,46 3,62
November | 2,70 | 7,44 2,90 10,00
December | 3,07 | 4,23 2,60 3,95
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Table 3: statistical data of turbidity (min and max) measured in 2013 and 2014 per month (ONEE, 2015)

Year : 2014

BittitSpring RibaaSpring
Month min max min max
January 3,08 8169 3,00 120,66

February 6,48 128,0 598 78,90
March 4,86 6,91 3,9( 5,65
April 4,30 4,90 3,30 4,19
May 3,17 4,77 2,48 3,37
June 3,00 3,86 2,60 2,87
July 2,36 4,50 2,16 2,49
August 1,74 4,20 1,8 2,28

September| 1,8( 3,50 1,64 1,90
October 1,89 4,20 167 11,64
November| 1,80, 5550 1,68 69,29
December| 6,57 19750 5,06 2358

EXPERIMENTAL SECTION

b.1 Preparation of synthetic turbid water:

The turbid water is prepared by adding differenighits of sludge in mg into 1 liter of raw waterinadhe spring for
the medium (20 NTU) and high (40 NTU) turbidity &s. However, the low turbidity (10 NTU) water ibtained
directly from the spring.

b.2 Preparation of Aluminum solution:

The Aluminum solution was prepared by dissolving df aluminum sulfate (A(SO4}) in distilled water (PH =7 £
0.1) and the solution volume is increased to t.lEach 1 ml of prepared stock solution is equdl@ang/l when it
is added to 1 liter of turbid water to be tested.

b.3 Preparation of sludge solution:

The sludge produced in the settling step of thattnent process is used to prepare the sludge @oluii certain
volume of raw water is added to the blend andestifor 5 minutes at 300 rpm using magnetic stiffée volume of
obtained suspension is increased to 1 liter andgtheity filtered through a 1um filter paper to aeqte residual
particles from the prepared solution. The filtratdution is referred to a sludge coagulant in shigly.

b.4Research methodology:

A standard jar test apparatus equipped with sixdlgadrotating in a set of six beakers is used toukite

coagulation, flocculation and sedimentation proessst the first, Control experiments for coagulatigsts are
performed in order to determine the optimal dosthefaluminum sulfate in normal conditions. Theestdd level of
turbid water ( 1L) is filled into the beakers anarieus doses in the range from 10 to 100 mg/l ofige and the
aluminum sulfate according to the results of tihst fiar test determining the optimal dose of thadanic coagulant
in normal conditions are separately added in thakées and mixed rapidly (300 rpm) for one minutke Tixing

speed was then reduced to 40 rpm for 20 minutesn Thestirrer is turned off and the suspensionsabwaved to

settle for different periods of time ranging frofd ® 120 minutes under quiescent conditions.Afearheperiod of
settling time, supernatant samples of each beak#rd jar test is withdrawn from located 10 cm betbe water
level and residual turbidity is measured.

RESULTS AND DISCUSSION

[ll.1. Investigation of the optimum coagulant dose:

Standard Jar test experiments were performed withiee levels of turbidity (10, 20 and 40 NTU) ugithe
aluminum sulfate as coagulant. The objective of #mxperiment is to determine the optimal dose amalum
sulfate to apply in the process of coagulationdifferent levels of turbidity.

The table below shows the results:

Table 4: Optimal dose of Aluminum sulfate for waterturbidity levels.

Turbidity level | Optimal dose of SA (mg/l)
10

10 NTU
20 NTU 20
40 NTU 20
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A set of experiments were performed using jar tesinvestigate the optimal dose of sludge to addarifer to
improve the quality of water.
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Figure 3: Effect of sludge coagulant doses (mg/Inder various settling time (ST) on turbidity removd percent (%) at low turbid water.
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Figure 4: Effect of sludge coagulant doses (mg/Inder various settling time (ST) on turbidity removd percent (%) at Medium turbid
water.
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Figure 5: Effect of sludge coagulant doses (mg/Inder various settling time (ST) on turbidity removd percent (%) at high turbid water.

Figures 3 to 5 clearly show that certain dosagesluafge produced by the treatment plant used \wghatuminum
sulfate improve the turbidity removal percentagd aohieve good removal efficiencies. Then, the bestlts of
turbidity removal percentage were observed at ¢hiireg time of 120 minutes.

The maximum values of turbidity removal at low, rued and high turbidity are 98.41, 99.28 and 99.42%
corresponding to the optimum dose of sludge o685and 60 mg/l respectively.

A set of experiments is performed using the optighatige doses obtained from the experiments be3&w50 and
60 mg/l) while the aluminum sulfate was changednfrd to 10 mg/l , from 4 to 15mg/l and from 6 to 2@/l
respectively for low, medium and high turbidity.
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Figure 6: Effect of Aluminum sulfate doses (mg/l) ad sludge dose (35 mg/l) under various settling tien(ST) on turbidity removal percent
(%) at low turbid water.
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Figure 7: Effect of Aluminum sulfate doses (mg/l) ad sludge dose (50 mg/l) under various settling tien(ST) on turbidity removal percent
(%) at medium turbid water.
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Figure 8: Effect of Aluminum sulfate doses (mg/l) ad sludge dose (60 mg/l) under various settling tien(ST) on turbidity removal percent
(%) at high turbid water.

The table below shows the results of turbidity realgercentage using aluminum sulfate only, optidade of AS
and sludge and the optimal dose of sludge andrttyoped dose of AS :

Table 5: Turbidity removal percentage for different levels of turbidity using AS and sludge at settlig time of 60 minutes.

Low Turbidity | Medium turbidity  [High turbidity
Initial turbidity 9.34 21 39.4
Optimal dose of Aluminum sulfate (mg/l) (1) 10 20 20
Optimal dose of sludge (mg/l) used within AS (2) 35 50 60
Dose of AS (mg/l) proposed to be used with optimdbse of sludge (3). 6 10 12
Turbidity removal percentage using only AS (1) 96.7% 98.05% 98.98%
Turbidity removal percentage using AS and sludge asoagulant aid (1)+(2) 97.14% 98.33% 99.34%
Turbidity removal percentage using optimal dose ofludge and AS (2)+(3) 97.56% 98.96% 99.47%
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The results show that the sludge used as coagailhmtith the aluminum sulfate improve not only thater quality
produced by the treatment plant (turbidity remopafcentage from 96.71 to 97.56%, from 98.05 to &%.%nd
from 98.98 to 99.47% for low, medium and high tdrlvater respectively) but also it can be used tuce the
aluminum sulfate dose in the coagulation processn(fLO to 6 mg/l, from 20 to 10 mg/l and from 201® mg/I for
low, medium and high turbid water respectively) .

Table 6: Advantages of using sludge as coagulantaand its economic benefits in the water treatmerplant.

Low Turbidity | Medium turbidity  [High turbidity
Initial turbidity 9.34 21 39.4
Optimal dose of Aluminum sulfate (mg/l) (1) 10 20 20
Dose of AS (mg/l) proposed to be used with sludge)( 6 10 12
The of AS spared (mg/l) 4 10 8
1)-(2
Water Volume to be produced m3/year 11353000 3785000 3785000
The amount of AS spared (kg) per year 45412 37850 30280

CONCLUSION

This paper has presented some results concerreéngsthof sludge as coagulant aid with the alumisulfate in the
water treatment plant. The sludge improves the ityualf the produced water by increasing the coatpia
efficiency and the aluminum sulfate dosage is des@d. The sludge volume is reduced and subsequeatige
management costs. The coagulation process is @ignand this approach offers several significanemics and
operational benefits such as it minimized the atumi dose required to 40% for low and high turbidiityels and to
50% for medium turbidity level, reduced the sludgdume produced by the treatment plant and dectetse
residual turbidity of the water. These advantagesvary important not only for process economy tigto reducing
the cost of treatment but also in the managemethetludge volume. Therefore, it is reasonableotasider this
approach to be applied in the treatment plant faiewwith similar turbidity level.
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