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An Investigation into Settling Pattern of Suspended Solid Matter
in Fresh Water a Case Study of Ureje Rivers, Ado-Fkiti
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Abstract: In order to mvestigate the settling pattern of particles m suspension, series of experiment were
conducted on surface water samples from Ureje river in Ado-Ekiti, Fkiti State, Nigeria. Flocculent particles were
observed to be present in quiescent settling column from the concentration dept time. Mixing effect was
significant, resulting in about 10% removal while the specific mixing times effect selected for evaluation under
a constant dosage showed 80% removals. This shows that alum dosage selected for evaluation will cause 80%
removal. However, when operating near the optimum of the mixing time or alum dosage, the influence of these
parameters is less sigmficant. The results also suggest the presence of a fraction of suspended matter in surface
water which is not readily removable by gravity settling.
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INTRODUCTION

The treatment of water for consumption has been in
practice for the past years. Water treatment for community
started in Scotland in the term of settling operations
followed by filtration (Collins ef al., 1987; George, 1979,
Tohn and Warren, 1963).

However, within 40 to 50 years, scientific research
has improved the understanding of the principles
mvolved m water treatment and this led to the
development of better equipment and an overall increase
mn operating efficiency in water treatment (Cox, 1964,
George, 1979).

Generally, all natural water will require some degree
of treatment in order to meet modern drinking water
standards. The nature and extent of treatment will
depend on the quality of raw water and the intended use
(Camp, 1946, Collins ef al., 1987, Cox, 1964).

Every river carries an erosion history of the journey
1t traveled, thus the concentration of solids and organic
materials in surface water (Fox, 1949, George, 1979). A
typical plant, treating turbid surface water with organics
includes the following processes: Screening/commination,
aeration mixing, coagulation, flocculation, sedimentation,
filtration, absorption and disinfection (Bechteler and
Schrimpf, 1982; Bhargava and Rajapopal, 1989; George,
1979). Conventional water treatment plants in Nigeria
employ the processes above.

The largest and most evident contribution to water
pollution 1s made by the presence of various solids. There
solids need to be removed in order to eliminate problems
both to the consumers and the distribution systems
(Outreach Department, 1997, Zanom and Blomduist, 1975).
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Two different principles can be applied to the
separation of solid particle, from water. These are:

The direct use of gravity m the form of
sedimentation, where the determining factors are the
size and specific weight of the particles. This defined
by discrete setting and by stroke law (Hazen, 1904;
Imame et al, 1983; Ostendorf, 1986; Outreach
Department, 1997, Schamber and Tarock., 1981,
Zanoni and Blomquist, 1975).

2
Vs fg(psf Sg)d
18n
Where

Vs Settling velocity, g =Acceleration due to gravity,
ps = density of solid, d = diameter of solid particles
T = viscosity

Filtration or screening (Collins ez al., 1987; Cox, 1964).
MATERIALS AND METHODS

Raw water sample: Raw water sample for this research is
collected from Ureje river in Ado-Ekiti and currently serve
as water source for mumcipal water treatment in Ado-Ekiti,
Ekiti State; Nigeria. The final result presented is the
average characteristics of the suspensions from the
source (Zanoni and Blomquist, 1975). Results obtained in
the experiment agreed with experimental data of
researchers.

Three experiments were performed on the raw water
sample.
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Experiment I: This is to determine the effect of mixing on
the process of sedimentation.

Experiment II: To study the effect of mixing time on the

Experiment TT (Mixing time experiment): Results
obtained for water samples subjected to various mixing
times (Table 4-13 and Fig. 2-5).

7-
settling behaviour of suspended solids in suspension.
64
Experiment TIT: This investigates the effect of the -
coagulant dosage on the settling patterns of suspended 54
solids in the suspension. E
g«
RESULTS AND DISCUSSION E
5 ]
Experiment T (Mixing experiment): Turbidity E
. 2 27
measurements of samples drawn from the sampling ports <
at various detention times are given in the tables N
alongside the percentage concentration of particles
Turbidity of samples (NTU) for mixing experiment on 0 . . . .
Ureje River (Table 1-3 and Fig. 1). 25 50 1 100
Time {min)
Table 1: Turbidity of samples (N.T.10) for mixing experiment
Elapsed time (min)
) Fig. I: Twbidity of samples (N.T.U) for mixing
Sampling depth (m) 0 25 50 75 100 . t on Ureie Ri
0.6 130 127 124 121 118 expetiment on Lreje River
1.2 129 126 125 123.5 121
1.8 130 128 127 126 123 Table 6: Average percentage removal
2.4 133 132 130 129 127 Elapsed time (min)
Table 2: Average percent concentration Sampling depth (im) 25 50 75
Elapsed time (min) 100
0.6 18.7 363 63.7 65.9
Sampling depth () 25 50 75 100 1.2 19.4 32.6 65.3 65.9
0.6 97.7 95.4 93.1 90.9 18 22.4 355 60.7 65.3
1.2 97.7 946.9 95.7 93.8 24 6.4 282 61.4 64.5
1.8 98.5 97.7 96.9 94.6 Average 16.73 33.15 6278 165
2.4 99.0 977 97.0 95.5
Table 7: Turbidity of samples (NTU) for mixing time experiment (60 sec)
Table 3: Average percentage removal Elapsed time (min)
Elapsed time (min)
Sampling depth (m) 0 25 50 75 100
Sampling depth (m) 25 50 75 100 0.6 90 54 38 20 23
0.6 23 4.6 6.9 9.2 12 114 65 16 30 32
1.2 23 31 4.3 6.2 1.8 132 38 53 48 30
18 1.3 z3 31 4 2.4 167 146 73 51 59
2.4 1.0 2.3 30 4.5
Average 178 3.08 4.33 6.33 Table 8: Average percent concentration
o o ) Elapsed time (min)
Table 4: Turbidity of sarmples (N.T.U) for mixing experiment for 20 sec
Elapsed time (mir) Sampling depth (m) 25 50 75 100
. 0.6 54.6 384 29.3 322
Sampling depth (m) __0 = 3 = Lot 12 57.0 404 34.2 28.1
0.6 o1 s 38 33 3 18 66.7 40.2 36.4 206
1.2 o8 I 66 34 34 24 87.4 43.7 30.5 353
1.8 107 83 69 42 38 - - - - -
2.4 202 189 145 78 75
Table 9: Average percentage removal
Table 5: Average percent concentration Elapsed time (min)
Elapsed time (min) )
Sampling depth (m) 25 50 75 100
Sampling depth (m) 25 50 75 100 0.6 45.4 6l.6 70.7 76.8
0.0 81.3 63.7 363 34.1 1.2 43.0 59.6 65.8 71.9
1.2 80.6 67.4 34.7 34.7 18 333 59.8 63.6 70.4
1.8 77.6 64.5 393 355 24 12.6 563 69.5 64.7
24 93.6 71.8 38.6 371 Average 33.58 58.33 67.4 7095
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Table 10: Turbidity of samples (NTLU) for mixing time experiment (100 sec)

Elapsed time (min)
Sampling depth (m) 0 25 50 75 100
0.6 84 28 25 20 18
1.2 97 40 39 37 23
1.8 124 54 52 44 36
2.4 142 69 67 60 55
Table 11: Average percent concentration
Elapsed time (min)
Sampling depth (im) 25 50 75 100
0.6 333 20.8 23.8 21.2
1.2 41.2 40.2 38.0 23.7
1.8 43.6 41.9 35.5 29.0
2.4 48.6 47.2 42.3 38.7
Table 12: Average percentage removal
Elapsed time (min)
Sampling depth () 25 50 75 100
0.6 66.60 70.20 76.20 78.60
1.2 58.80 56.80 61.60 76.30
1.8 56.40 58.10 64.50 71.00
24 51.40 52.80 57.70 61.30
Average 5833 60.23 65.08 71.80
Table 13: Average percentage removal for various mixing
Elapsed time (min)
Mixing time (sec.) 25 50 75 100
20 16.73 33.15 62.78 64.65
60 3358 59.33 67.40 70.95
100 5833 60.23 65.08 71.80
Table 14: Alum dosage experiment
Elapsed time (min)
Sampling depth (m) 0 25 50 75 100
0.6 121 111 109 106 89
1.2 122 113 112 108 9
1.8 129 123 120 116 105
2.4 309 302 293 287 266
704
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Fig. 2. Turbidity of samples (N.T.U) for mixing time

experiment (20 sec)
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Fig. 3: Turbidity of samples (N.T.UJ) for mixing time
experiment (60 sec)
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Fig. 4. Turbidity of samples (N.T.U) for mixmng time
experiment (100 sec)
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Fig. 5: Turbidity of samples (N.T.UJ) for mixing time
experiment of various mixing time
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Experiment ITT Alum dosage experiment: Turbidity of =~ Table 23: Average percent concentration
samples (N.T.U) for Alum Dosage Experiment (20 mg 1.7 Elapsed time (min)

river Ureje) (Table 14-26 and Fig. 6-8). Sampling depth (m) 25 50 75 100
0.6 45.5 27.3 22.7 19.1
Table 15: Average percent concentration 1.2 48.8 309 23.6 22.8
Elapsed time (min) 1.8 55.6 341 26.7 237
2.4 63.5 41.7 32.7 27.5
Sampling depth (m) 25 50 75 100
0.6 91.7 90.1 37.6 3.6 Table 24: Average percentage removal
1.2 92.6 91.8 88.5 75.4 Elapsed time (min)
1.8 95.4 93.0 89.9 81.4
2.4 97.7 94.8 92.9 86.1 Sampling depth (m) 25 50 75 100
0.6 54.50 72.70 77.30 80.90
Table 16: Average percentage removal 1.2 51.20 69.10 76.40 T7.20
Elapsed time (min) 1.8 44.40 65.90 73.30 7630
24 36.50 5830 67.30 72.50
Sampling depth (m) 25 50 75 100 Average 46.65 66.50 73.58 76.73
0.6 8.30 9.90 12.40 2640
1.2 7.40 ) 11.50 24.60 Table 25: Average percentage turbidity (N.T.1J) remaining (60 mg L.™")
1.8 4.60 7.00 10.10 18.60 Time (min} 25 50 75 100
2.4 2.30 5.20 7.10 13.90 % Turbidity remaining 53.35 33.50 24.42 2327
Average 5.65 7.58 10.28 20.88
Table 26: Average percentage turbidity (N.T.U) remaining for various
Table 17: Average percentage turbidity (N.T.U), remaining (20 mg L™ Alum dosage Alum
Time (min) 25 50 73 100 Dosage (mg L") 25 50 75 100
% Turbidity remaining 94.35 92.42 89.72 79.12 20 5.65 7.58 10.28 20.88
40 23.15 43.05 58.40 66.60
Table 18: Turbidity of samples (N.T.U) for Alum dosage experiment (40 60 46.65 66.50 73.58 7673
mg L) River Ureje
Elapsed time (min) 25+
Sampling depth () 0 25 50 75 100
0.6 127 89 65 47 38 204
1.2 134 99 72 54 43
1.8 137 111 79 58 47 154
2.4 233 192 152 109 87

Table 19: Average percentage concentration
Elapsed time (min)

Average percentage removal
ot

Sampling depth (m) 25 50 75 100 51
0.6 70.1 51.2 37.0 29.9
1.2 739 53.7 40.3 321 0
1.8 81.0 57.7 423 343 3 s " 75 10
2.4 82.4 65.2 468 37.3 Time {min)
Table 20: Average percentage removal Fig. 6: Turbidity of samples (N.T.U) for alum dosage
Elapsed time (mi) experiment (20 mg L.~! River Ureje)
Sampling depth (m) 25 50 75 100 707
0.6 29.90 48.80 63.00 70.10
1.2 26.10 46.30 59.70 67.90 = 601
1.8 19.00 42.30 57.70 63.70
24 17.60 34.80 53.20 62.70 501
Average 23.15 43.05 5840 66.60 -50
401
Table 21: Average percentage turbidity (N.T.U) remaining (40 mg L™1) g
Time (min) 25 50 75 100 30+
%% Turbidity remaining  76.65 56.95 41.60 33.40 50
3 201
Table 22: Tuwrbidity of S8amples (N.T.U) for alum dosage experiment (60 <
mg L™ River Ureje) 101
Elapsed time (min)
Sampling depth (m) 0 25 50 75 100 0 25 ' 50 75 ° 100 '
0.6 110 50 30 25 21 Time (min)
1.2 123 60 38 29 28 . -
1.8 135 75 46 16 12 Fig. 7. Turbidity of samples (N.T.U) for alum dosage
24 211 134 88 69 58 experiment (40 mg L") River Ureje
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Fig. 8:  Turbidity of samples (N.T.U) for alum dosage
experiment (60 mg L.™' River Ureje)

The variables investigated are mixing, mixing time and
alum dosage. Three experiments were performed to
observe the effect of these variables on the settle ability
of river suspension. Results from concentration-depth-
time studies on the suspension are discussed herein.
Performance of the settling tanks for existing treatment
plant on the river is also discussed.

Mixing effects: Summary and results of the average
suspended solids removal for the source in the mixing
experiments show that the effect of mming varies for
samples from the ports.

From the results, it can be seen that the degree of
removal of suspended solids mcreases with detention
time for the same depth. Conversely, the rate slows down
as the detention time increases. Also, it can be seen that
the degree of clarification mcreases with decrease in
column depth for the same retention ttime. Hence, the
shallower the column the better the degree of removable
particles. Particle removal dependent on the depth of the
column and the detention time. There 13 depreciation in
this trend as the variables increases to near optimum.

Average percent removal values between 1 to 10%
were obtamned. This shows that effect of mixing alone did
not exert a major impact upon the settle ability of the
particles in suspension and would not create a significant
impact on the treatment of such water.

A summary of the average percentage removal at
various detention times leads to the following inferences:
Under the same alum dosage pretreatment, the average
percentage removal increases with the longer mixing time,
the rate of change of the average percentage removal 1s
rapid optimum. Thus, longer detention peried are needed
to achieve optimal results when the duration of mixing is
short.
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Effects of different alum dosage: The results of settling
experiments carried out under different alum dosage are
tabulated. Three alum dosages were selected in usual
administered dosage, the dosage selected are 20, 40 and
60 mg 17", The results obtained indicate that the degree
of clarification of suspension varies with column depth
and detention time. For the same detention tume, the
percentage of suspended solids removed decreases with
increase in column depth. At a particular depth the degree
of clarification increases with increases in column depth.
At a particular depth, the earlier observation that the
degree of clarification is a function of column depth and
detention time.

It can be mferred from the results that fraction of
solids removed falls between 5 and 80% but 100% removal
cannot be obtained because of presence of flocculating
particles in the suspension. Thus the effect of alum
dosage 1s quite sigmificant.

In comparimng the average percentage removal with
respect to time for the three alum dosages it shows that
the percentage removal mcreases with mcereasing alum
dosage and the rate of clarification increases as well.
Therefore, alum dosage of the range 40-60 mg L™ are
suggested for treating raw water from the source. This
recommendation can be incorporated with the obser-
vation in related literature that lower coagulant dosage
like higher dosage performs equally well in less turbid
water.

Observations made from the analysis of the results
indicate that the degree of clarification of a suspension 1s
not independent of column depth and detention time. The
shallower the column the better the degree of clarification.
At the same depth, the percentage of solids removed
increases with increase in detention time.

The result of this study shows that there 1s a small
fraction of suspended solids in water which cannot be
removed by sedimentation using alum coagulation on
mechanical flocculation.

The settle ability of particles is not significantly
influenced by mechamcal mixing alone because less than
10%age removal was made in mixing experiment. In view
of this, a constant alum dosage of 40 mg L™ was added
into the suspension in the mixing time experiment. The
effects of the various mixing time considered were quite
significant resulting m removal of up 80% within 100 min
detention.

For appreciable removal of solids, an optimal mixing
time within the range 30-60 sec is recommended. This will
reduce the energy required and the rate of wear of
floceulator arrangement.
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Percentage removal of about 80% within 100 min
detention was observed in the alum dosage experiment.
An mcrease in alum dosage resulted to higher percentage
removal under short detention. However, the lower
dosages begin to perform well after longer detention.

An alum dosage within the range 40 to 60 mg L.™" is
recommended for appreciable removal of solids in the
treatment of raw water from the source.
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