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Effects of Mixing Condition and Filtration Velocity on Turbidity Removal
in a Contact Roughing Filter

(20074 59 30 =8 A4 20079 69 13 HE =R )

Abstract

Slow sand filtrations have been widely used for water treatment in small communities, however their
capacity is often limited by high turbidity in the raw water. For this reason, several pre-treatment facilities
were required for a slow sand filter. Turbidity removal from the highly turbid raw water was investigated in
roughing filters as a pre-treatment process. The roughing filters followed by rapid mixing tank were operated
in the form of a contact filtration. In several jar tests, the predetermined optimum aluminium sulfate (alum)
doses for turbid water of 30 and 120NTU were 30 and 50mg/L, respectively. At the optimum alum dose,
physically optimum parameters including G value of 220sec™ and rapid mixing time of 3 minutes were
applied to the contact filtration system. Without addition of alum, the filtrate turbidity from the roughing
filters, packed respectively with different media such as sand, porous diatomite ball and gravel, was in the
range of 5~30NTU at filtration velocities of 30 and 50m/day. However, the application of a contact filtration
to roughing filters showed stably lower filtrate turbidity below 1.0NTU at filtration velocity of 30 m/day.
Although the filtration velocity increased to 50m/day, filtrate turbidity was still below 1.0NTU in both single
and double layer roughing filters. At influent turbidity of 120NTU, the filtrate turbidity was over 5 NTU in the
triple layer roughing filter, which shortened the filter run time. The flocs larger than 10um, formed in the
rapid mixing tank, were almost captured through the roughing filter bed, while the almost flocs smaller than
10um remained in filtrate.
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H@®E R R2 R3 Table 1. Characteristics of media used in the roughing filter
= systems
Head
loss
Operation mode Mediatype  Size (mm) Depth (cm)
' Run 1 (mono layer) Sand 0.6~1.0 90
Alum
Run 2 (double layer) Sand 2~3 45
J Sand 06~1.0 45
o Run 3 (triple layer) Gravel 10~20 30
— Diatomite ball 3~4 30
Peristaltic
Rapid mixing  pump Roughing filter Sand 2~3 30

Fig. 1. Schematic diagram of roughing filter systems.
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2.3. Jar test
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Fig. 2. Effects of filtration velocity on turbidity removal at turbidity of
30NTU.
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Fig.3. Effects of filtration velocity on turbidity removal at turbidity of
120NTU.
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Fig. 4. Residual turbidity at different alum dosages.
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Fig. 5. Particles growth at different G values and mixing times.
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Fig. 6. Particles growth with different alum dosage.
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Fig. 7. Turbidity removal in direct roughing filter at filtration velocity of 30 m/day.

364



Jor=97| =2

R R G | 212 85, pp. 359-366. 2007
03 74 (Run-1, 2)e A & o HEEE S0m/d 2 Z744]7]
—a—0.5-10.0 ym %oé 8]’3§\%°ﬂ§— %:1"'6‘}’37— 99% o]lg—gl E/}E Zﬂ}]i%
_ —4—100-180m & dehion ehg R £ #RE 4 AUk
g 027 —0— 18.0- um
E 4.2 2
Z 01
ol v o] SRR A7) §% AA e
. THORA, SHRAE FUT LT AFAE
Run-1 Run-2 Run-3 A FFol Ao R LG AR AR oA E
1 o] EXNS 733 o 1o
Fig. 8. Efficiency of particle removal at different filter media types. =R A AASEE RET Ay van 2
AES 45 7 UdH

O

oL g XL

o & Ho

o

Turbidity(NTU)

Fig.

dpe Jm _E rf
L
Y

H 2
wr
-+ oz b
o i
Koo

Q‘E
R
5

2 2 rlo

=)

rulo

AN Ak & Ao At gHTH

w7} 30, 120NTUY w), 2
'8}04 014#&% 50m/d

11]7%~ e

04

o
[
BN
£
rulo
Zi

b Ho ¢

O
—

HoX

_EL

(shearing force) O]
ask] gEe R o4
Tol3l Ay} ox
1.ONTU o]3}e] ©
11_—;_} 7} 120NTUY LEH Run-3 9]
FZEHZ7F 5.ONTU o] 4oz &7}
Cleashy(1984) S| Atete ghaselsin gl
SAE T 2R AR Uyt wekA
< Eﬂ °1°V1 A9 Y7el &

AT e Azl

N

d
ol

——Run 1
—A—Run 2
——Run 3

= Contact filtration

l L\\
0 . . 3
5 15

Run Time (hour)

(@) 30NTU

s

25 30

20

1. 37149 b2 474 (Run-1, 2, 3) o2 &
H ARAFAAA, 5995 30NTUL o A AR
& 60~90%°]93, 120NTUME &8
IONTUES %2399},

2. A& 9E =dalflel =2E &
FUES AL =71 30, 20NTUYL o,
7} 30, S0mg/Lolw, B8] &£320e witl=
220sec, WA 7E 3 skt

3.8% OM W2 ste] 30m/de] o FEER

=
=

o 2

123

=

N
-

© 7]

A9 &4

A

7

(G

=

HOEE

A= o8
oé‘

1.ONTU o]3}2

a
o

—O0—Run 1
—A—Run 2
—e—Run 3

30

25

20 [
> Contact filtration

Turbidity(NTU)

&

15
Run Time (hour)

(b) 120 NTU

30

9. Turbidity removal in direct roughing filter at filtration velocity of 50m/day.

365



Journal of the Korean Society of Water and Wastewater
Vol. 21, No. 3, pp. 359-366, 2007

EELEDE

AoAHA oM B 2N Y& s} A e A A A= G

P

L Agh, o]edF, A2 (2003) EHAHYH oA
zElol A QA 2 A H71E (NOM)S) AA §4 A,
)gksl 4 233 =], 25(9), pp. 1132-1137.

2.8k23) (1997) nERE 9599YR] el of o]l
73l 97 FYdistn dAnstY 3T, A
Ae=g.

.78, AAS, ANG, BUA (2001) HA ] FHA
FEEszo] $PaL VA I, T
3]2], 23(4), pp. 631-640.

4 BA(003), GHEEA,
Collins, R.M., Westersund, C.M., Cloe, J.O. and Roccaro,

J.V. (1994) Evaluation of roughing filtration design variables,

AWWA Research Foundation, pp. 9-14.

6. Elis, K.V. (1985) Slow sand filtration, CRC Critical Reviews in
Environmental Control, 15(4), pp. 315-354.

. Pescod, M.B., H. Abouzaid, and B.B. Sundaresan (1986) Slow
sand filtration - a low cost treatment for water supplies in

w

~1

developing countries, Published for the World Health
Organization, Geneva.

o)

. Wegelin, M. (1986) Horizontal flow roughing filtration, a
design, construc- tion and operation manual, Report No.,
06/86; International Reference Centre for Waste Disposal,
Dubendorf, Switzerland.

Cleasby, J.L., Hilmoe, D.J. and Dimitracopoulos, C.J. (1984)
Slow sand and direct in-line filtration of a surface water, 7. of
AWWA, 76(12), pp. 44-55.

Graham, N.J.D., Mbwete, T.S.A. and Bernardo L.D. (1991)
Fabric-protected slow sand filtration, A review. Pro.
AWWA-UNH Slow Sand Filtration Workshop, Durham,
N.H

. Gamila E. 2000) Evaluation of roughing and slow sand filters

o

10.

—
j—

for water treatment, Water, Air, and Soil Pollution, 120, pp.
21-28.

366

12. Stephen J. Rooklidge (2002) Clay removal in basaltic and
limestone horizontal roughing filters, Advances in
Environmental Research, 7, pp. 231-237.

13. Kawamura, S. (1991) Integrated design of water treatment
facilities, John Wiley & Sons., Inc. pp. 264-276.

14. Ingallinella, A.M., Stecca, L.M. and Wegelin, M. (1998) Up-

flow roughing filt- ration : rehabilitation of a water treatment

plant in Tarata, Bolivia, Wat. Sci. Tech., 37(9), pp. 105-112.

Clark, M.M., David, R. and Wiesner, M.R. (1987) Effect of

micromixing on product selectivity in rapid mix, in

proceeding of AWWA Annual Conference, Kansas, pp. 14-

18.

Srivastava, R.M., Niemann, C.J. and Clark, M.M. (1990)

“Fast-Hydrolysis kinetics of aluminum and the impact of

15.

16.

mixing on product speciation, in proceeding of AWWA
Annual Conference, Cincinnati.

Amirtharajah, A. and Mills, K.M. (1982) Rapid mix design for
mechanisms of Alum coagulation, 7. of AWWA, 74(4), pp.
210-216.

Rossini, M., Garcia, G.G. and Galluzzo, M. (1999)
Optimization of the coagulation-flocculation treatment :

17.

18.

Influence of rapid mix parameters, Water Research, 33(8), pp.
1817-1826.

Kang, L.S. and Cleasby, J.L. (1994) The effects of water
temperature and sulfate ion on flocculation kinetics using Fe

19.

(II') coagulant in water treatment, in proceeding of AWWA
Annual Conference, New York.

Weber-shirk Monron L. and Dick Richard I. (1997a)
Biological mechanisms in slow sand filter, 7. AWIVA, 89, pp.
72-83.

. Weber-shirk Monron L. and Dick Richard 1. (1997b)
Physical-chemical mechanisms in slow sand filter, 7. AWIVA,
89, pp. 87-100.

Yao, K., Habibian, T., and O Melia, C.R. (1971) Water and
Wastewater Filtration : Concepts and Applications, 7. of

20.

2

—_

22.

Environment Science Technology, 5(11), pp. 1105.



