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Influence of Filtrate Quality by Variation of Operating Filter Number Based on Inflow
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ABSTRACT : To prevent turbidity breakthrough in a depth filter caused by hydraulic shock loads, influence of turbidity and
particle number in filtrate by variation of operating filter number depending on inflow change was investigated. Inflow quantity at
the S water treatment plant (WTP) was varied and ratio of maximum/minimum inflow quantity was 2.2, therefore filtration velocity
was also subsequently changed. The S WTP changed operating filter number depending on inflow variation to minimize change of
filtration velocity. Particle breakthrough was not severe when operation system was changed, out-of-operation and re-start of filter
was repeated depending on inflow quantity. Slight particle breakthrough was noticed when re-start of filter was implemented at the
filter that had a cumulative filtration run time of less than 10 h or more than 50 h. This can be attributed to the inadequate ripening
and over accumulation of particles on media. Therefore, it is more efficient to choose a re-starting filter basin which has cumulative
filtration run time more than 10 h or less than 50 h to reduce particle breakthrough. Filter number variation depending on inflow
change was proven to be a method for improvement of unit filter run volume (UFRV).

Key words : Filtration, Filtration velocity, Particle breakthrough, Hydraulic shock loads, Water treatment, UFRV
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Table 1. Specification of G, S water treatment plant (WTP)

Classification S WTP G WTP
Capacity(m3/day) 90,000 200,000
Source of water Seomijin River Nakdong River
Filter - -

Media Sand Anthracite + Sand

Filter depth (cm) 62.8 130

Filter size (m) 7.2 X9.0 9.5 x 10.8

Filtration velocity (m/n) | 5.8 (139 m/day) | 8.1 (193.6 m/day)

Effective size (mm) 0.62 0.6(Sand)
1.1(Anthracite)

o o 1.5(Sand)

Uniformity coefficient 1.59 1 4(Anthracite)
Number of filter 10 10
Inflow (m3/h) - -
Maximum 2,680 8,276
Minimum 1,194 1,792
Average 2,136 5,351

* Inflow data are based on the operation data of two months
(2008.11.1-2008.12.31)
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Fig. 1. Turbidity changes as a function of inflow in G WTP.
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Fig. 2. Inflow changes in S WTP (2008.3.1-2008.3.2).
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Table 2. Number of operating filters based on inflow variation

in S WTP

Inflow (m3/h) oerL;Tir?g rfiﬁ]‘ers velzlclfirt?/“?nr:/h)

(800 3 (4.1
800~1200 4 3.1~4.6
1200~1600 5 3.7~4.9
1600~2000 6 4.1~5.1
2000~2300 7 4.4~5.1
2300~2700 8 4.4~5.2
2700~3200 9 4.6~5.5

Y3200 10 2 4.9
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Table 3. Turbidity of filtrate at the beginning of filtration re—start at filter #4
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(unit = Time—min, Turbidity—NTU, Particle No. : particle/mL)

Date 2.13 2.14 2.18 2.23 2.24
Time Tur. Particle No. Tur, Particle No. Tur, Particle No. Tur. Particle No. Tur, Particle No.
1 0.05 22 0.04 11 0.03 6 0.03 10 0.02 8
2 0.04 22 0.03 9 0.03 7 0.03 10 0.03 9
3 0.05 23 0.04 10 0.03 8 0.02 10 0.03 9
4 0.05 22 0.04 10 0.03 7 0.03 11 0.03 8
5 0.05 23 0.03 9 0.03 7 0.03 10 0.02 9
6 0.05 23 0.04 9 0.03 7 0.03 10 0.03 9
7 0.05 20 0.04 10 0.03 6 0.03 10 0.03 9
8 0.05 20 0.03 10 0.03 7 0.03 10 0.03 9
9 0.05 20 0.03 10 0.03 7 0.03 10 0.03 8
10 0.05 19 0.04 10 0.03 6 0.03 10 0.03 8
11 0.04 19 0.04 10 0.03 7 0.03 10 0.03 9
12 0.04 19 0.03 10 0.03 7 0.02 10 0.03 9
13 0.05 20 0.03 IR 0.03 7 0.03 10 0.03 9
14 0.05 20 0.05 10 0.03 7 0.03 10 0.03 8
15 0.05 20 0.04 10 0.03 7 0.03 10 0.03 10
16 0.05 20 0.04 10 0.03 7 0.03 9 0.02 10
17 0.04 20 0.04 11 0.03 8 0.03 10 0.02 9
18 0.05 20 0.04 10 0.03 7 0.03 10 0.02 8
19 0.04 19 0.04 9 0.03 8 0.03 10 0.02 9
20 0.05 18 0.03 10 0.03 7 0.03 10 0.03 8
21 0.04 19 0.04 11 0.03 8 0.03 10 0.03 8
22 0.05 19 0.04 10 0.03 9 0.03 11 0.03 9
23 0.04 18 0.04 10 0.03 8 0.03 11 0.02 9
24 0.04 17 0.03 11 0.03 9 0.03 11 0.03 9
25 0.04 17 0.04 10 0.03 8 0.03 11 0.03 8
26 0.04 16 0.03 11 0.03 9 0.03 11 0.03 8
27 0.04 16 0.03 11 0.03 9 0.03 11 0.03 9
28 0.04 16 0.03 10 0.03 9 0.03 10 0.02 9
29 0.04 16 0.03 IR 0.03 8 0.03 13 0.03 9
30 0.04 16 0.03 9 0.03 10 0.03 11 0.03 8

* Cumulative filter run times before re—start of filtration were 9 h(2.13), 21 h 50 min(2.14), 10 h 20 min(2.18), 16 h 40 min(2.23) and 40 h 20

min(2.24), respectively.
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Fig. 3. Variation of particle number of filter #4 in March
2008 depending on cumulative filter run time.

Fig. 4.

Particle number in filtrate of #5 filter in March 2008
depending on cumulative filter run time.
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Table 4. Turbidity of filtrate at the beginning of filtration re—star at filter #5 (unit : Time—min, Turbidity-NTU, Particle No. : particle/mL)
Date 2.2 2.6 2.15 2.27 2.29
Time Tur. Particle No. Tur. Particle No. Tur, Particle No. Tur. Particle No. Tur, Particle No.

1 0.05 14 0.07 52 0.04 4 0.05 24 0.04 3
2 0.05 14 0.07 51 0.04 4 0.04 25 0.04 3
3 0.05 14 0.07 52 0.04 5 0.05 25 0.04 4
4 0.05 13 0.06 41 0.04 5 0.04 24 0.04 4
5 0.05 14 0.06 31 0.05 5 0.05 24 0.05 4
6 0.05 15 0.06 33 0.04 5 0.04 27 0.04 3
7 0.05 16 0.06 31 0.04 6 0.04 24 0.05 5
8 0.05 19 0.06 23 0.04 4 0.04 24 0.04 13
9 0.05 15 0.05 19 0.04 7 0.04 25 0.04 13
10 0.05 18 0.05 16 0.04 8 0.04 26 0.04 12
11 0.04 13 0.05 17 0.04 8 0.04 25 0.04 10
12 0.04 12 0.06 16 0.04 6 0.04 25 0.04 11
13 0.05 13 0.06 13 0.04 7 0.04 24 0.04 8
14 0.05 12 0.05 14 0.04 7 0.04 25 0.04 12
15 0.05 11 0.05 14 0.04 8 0.04 25 0.04 11
16 0.05 13 0.05 11 0.04 6 0.04 26 0.04 7
17 0.04 13 0.05 13 0.04 7 0.04 26 0.04 10
18 0.05 14 0.05 14 0.04 6 0.05 26 0.04 9
19 0.04 11 0.05 13 0.04 6 0.04 26 0.04 9
20 0.05 13 0.05 11 0.04 7 0.04 26 0.04 10
21 0.05 12 0.04 14 0.04 6 0.04 28 0.04 9
22 0.04 13 0.05 11 0.04 7 0.04 27 0.04 9
23 0.05 12 0.05 10 0.04 6 0.04 26 0.05 8
24 0.05 14 0.05 12 0.04 5 0.04 27 0.04 8
25 0.05 13 0.05 8 0.04 8 0.04 26 0.04 10
26 0.05 13 0.05 10 0.04 6 0.04 26 0.04 8
27 0.05 13 0.05 10 0.04 7 0.04 26 0.04 9
28 0.05 12 0.04 10 0.05 6 0.04 27 0.04 10
29 0.05 14 0.05 13 0.04 8 0.04 26 0.04 9
30 0.05 13 0.05 11 0.04 6 0.04 24 0.04 6

* Cumulative filter run times before re—start of filtration were 17 h(2.2),

min(2.29), respectively.

59 h 20 min(2.6),

31 h 30 min(2.15), 8 h 30 min(2.27) and 37 h 40
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Fig. 5. Turbidity in filtrate of #5 filter in March 2008
depending on cumulative filter run time.
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Fig. 6. Particle number in filtrate of #5 filter during 9 hours
filtration in March 2008.

A& o Zrlske A Jeh T vt £3] 21 min 2
o JUR =2 =wS Y1 o] 23X /fAEE 4
& BoJFaL Qlek. ol AH Fof WAYsh= AP Al 27
5% Yepdty 3H 8 h 50 min®] A o7E F F A
A7 &5 T GAIA glo] ThA] ofIkE AR A9 of
6-TH A F AR BT A e A o® yeyth
o|gjat AL A TR A 7F 23 h 20 min Fof] ZARE

olaf=o] AR ZOL FARSHH | Table 4014 08.2.2, 2.15,
2.299] 44t FAeltt, gHE #54]2] 9= HAH L
R #42]0|| u]sto](Table 3 &%) 27| YA=A| w7t ¢
Algt Ao g UePgt) o|g|at fo]e] Yol ujolS o)) wmH
AR, AFHA, SRR ok, A 5& Fol

gt o TR AL Basieh B3 27| 3087t HjEE =

AT, HE T oLt SRS ot SE oA
Aol B A 5ol g s Lasia
39, Fig. 5% #5 ofabao] 4 ojzkx|4A171e] w2 gre

S LiE Aot Fig 4°) A9} W f A4
AR AT e QA B9 skt 90 o vz

3 AUE delE 2 & 4 ok 53 gurt wess
QA7 WA B skl wIge 2 o 5 gck,

Table 5. UFRV following operating filter number change in

2007 and 2008 (unit : m3/m2)
Filter No. February March

2007 2008 2007 2008

1 327 366 287 411
2 377 389 345 390
3 350 342 327 355
4 355 376 366 436
5 377 402 352 441
6 Not measured 399 Not measured 412
7 332 340 286 355
8 384 407 352 414
9 281 336 245 330
10 358 368 319 404
Mean 349 373 320 395
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