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A Study on the Process Selection for Two-stage and Dual Media Filtration
System for Improving Filtration Performance
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Abstract

This study aimed at researching the process selection for two-stage and dual media filtration system, as
a technology substituting the existing sand filter without expanding the site when retrofitting an old filter bed
or designing a new one. In order to select the process for optimum complex filtration system, three running
conditions have been tested. Test results demonstrated that Run 3 in which the 1st stage was filled with
anthracite and coarse sand, and the 2nd stage was filled up with activated carbon and fine sand reduced
the head loss and the load of turbidity substances. Also, Run 3 showed better performance in removing
TOC, particle counts, THMFP and HAAFP, compared to other two conditions. 99 % of Cryptosporidium was
removed. Bisphenol-A was rarely removed from the 1st stage of coarse sand and 2nd stage of fine sand,
but 99 % of it was removed from the 2nd stage of activated carbon. In conclusion, when it is required to
retrofit an old rapid filter bed or design a new one for the purpose of improving filtration performance, the
following two-stage and dual media filtration system is suggested: the 1st stage of filter bed needs fo be
filled up with coarse sand to remove turbidity as the pretreatment for extending duration of filtering, the top
part of 2nd stage needs to be filled up with granular activated caron to remove dissolved organic matters
and others as the main process, and finally the bottom part of 2nd stage needs to be filled up with fine
sand as the finishing process.

Key words: Two-stages and dual media filtration system, Rapid filtration, GAC, Cryptosporidium, process
selection
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Table 1. Characteristics of filter media

ltems Coarse sand Fine sand Anthracite Activated Carbon
Effective size(mm) 0.88 0.64 0.97 0.55~0.75
Uniformity coefficient 1.50 1.47 1.40 1.9
Specific gravity 2,60 2.66 1.49 -
Abrasion ratio(wi%) 1.28 0.51 1.71 -
Pore ratio(%) 37.0 39.7 53.0 39.0
Apparent Density(g/cc) - - 0.48
Moisture, weight(%) - - 2
Abrasion Number - - 74
lodine Number(mg/g) - 1,000
2. Mgy
2.1, &Y ME L FR
211, 438 A=
B AHd AL oAlE 2YAE, ARAF 281
e ER 54 AR 2A AAFE FAE Fl
$EAT F5ASF 52 AN (@3 ER
g, 2005), A && CalgonrAle F#x2 4§ —=
FILTRASORB® 400-& A-&-8t5ith. & Aol AL
717t¢) A 542 Table 19] AN 3G, | Treated
Water
212 238 A3 Fig. 1. Schematic diagram of two-stages and dual media filtration
system.
2 ATelN 498 olgo|E Bgd R 2ule ’
AY AAE Ad sto s Ry ol 22 I YEHA FAEEQ Bisphenol-Ae] AASEE
A 2AAR Agel AgH A% A AgEE 229 9 Fg 13§44 B2 23 (colunn)
Fig. 17} 2t} & Asad. 299 F4e 2% 8mm, ol
B Ay AXE D47 25mmo) YEF olmdz A4 100mmE 34 ZHE AZele] o], MasterflexA
THe 400mm, SHE 1,000mmz A w, 2+ & o A AF W (Peristltc pump) 2 FUAFE B+
alt} glo] (weirn) & Ax\aje] Ao AResE g AT
doIE Fasle] sld ZE oz FYUHm e o3
FE 9 doE FFHete] 5 B (ank) 2 FY 2.2 Ay
HEE A6 Y. 2R A §E5E 2] 99 221, o|do]F Bfofspalagle] TN A
AN 4 Ao #FEC A% 0.lmme v B dqeA Aed o|do]F Eo] HAAFL
(orifice) 7} od2] 7] EE 9 0.3mm T ofm2d R FEAHAAE A, sfde R PR, st e 24
S AAeda 2 Yol A% 0.05mme] & BE 4% B9 LY E AT o|FAME A
o] 9] §AS AU B3 AFF AYs Gstn, A Az dLrA o] HotE £
AshA] zF Ao AR Bl ESZ(ough) S AX F UEE AEFAIE B ZHAE SHFES
o] A8 A A AF MEF Ad A dReE aEAT B dFdAE ol g 2AE &
&AL UEF STt H3l7] 9f8f Table 29} o] X 2H& 2ste 3
B A e HAd QREEQ Crprosporidium 714 HA& et =, Run 18 oo = o gt
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Table 2. Experimental condition to select the process for two-

Table 3. Experimental condition to select the filter media of 1st

stages and dual media filtration system stage
Classification Experimental condition Classification Experimental condition
Run1 1st stage E Run 1 1st stage -
2nd stage GAC + Sand 2nd stage GAC + Sand
Run2 st stage Anthracite + Sand Run2 1st stage Coarse sand
2nd stage GAC 2nd stage GAC + Sand
Run 3 1st stage Anthracite + Sand Run 3 1st stage Fine sand
2nd stage GAC + Sand 2nd stage GAC + Sand
Run 4 st stage Anthracite
2nd stage GAC + Sand
AAE FHslA] Fa A skt g A
AHE FAFYUL, Run 2 AeolAE GEdjolE
+ ZYUAE A3 stdde X gHETs F 223, ool Z Eftof Al dldM el WA o
st o, Run3-& AedoE tEZAIOIE + 29 AEEI R A ZEd AASAH 48
AHE e L stttel = ST APALE $AE9 B3 AYF= Coprosporidinm WA A
o 2 WAL 0.00049m (N7 25mm), d@EE o &2 <] Bisphenol-AS] A AEAY AL oA2H
= 120m/day, o353 0.04L/min (58, 9L/day), & Ador d& AoE nlgow Fig. 13} 413 370
dere] FEAFA 7 Empty Bed Contact Time: 9 ZHElo] At A9 YA} 32mm, dldte] A%
EBCT)2- 10min, 4FAA A o] ol JE A IOOme} A @A 40mmE iﬂ +
gtAto] E (Anthracite, 150mm) + ZHAH(Coarse  Cryptosporidium 1 X 10%cysts/LE FY 8t 5, 4
Sand, 150mm), &the] ol YA eH(Granular  0.33mL/minZ 4 -& 31 t}. Bisphenol-A: 0]«‘.’4753'
Activated Carbon, GAC, 500mm) + M YA TFine L2 F94 X5 500ppb FPst] &% 0.22,

Sand, 150mm)2 &}gtl E Ado]| A4H df=
29 3 FHeAAA FHgotd dneAdFA S A5
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Fig. 2. Variation of water level with 1st stage and 2nd stage in this systems.
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Table 4. Removal characteristics of Cryptosporidium in two-stages and dual media filtration system

Steps Influent(Cysts/L) Effluent(Cysts/L) Removal rate(%)
1st stage(coarse sand) 1x 108 2x10° 80

2nd stage(activated carbon) 2% 10° 14x10° 30

2nd stage(fine sand) 1.4 x10° 8.4 x10° 94
total(in contine) 1x10° 8.4 x 10° 99(2log)

(a) Before treatment

Fig. 12. Variation of Cryptosporidium before and after treatment.

211

(b) After treatment
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Table 5. Removal characteristics of Bisphenol-A in two-stages and dual media filtration system

Steps Removal rate(%)
0.22(mL/min) 0.33(mL/min) 0.86(mL/min)

1st stage(coarse sand) 3 1 0
2nd stage(activated carbon) 99 99 99
2nd stage(fine sand) 6 3 1
total(in contine) 99 > 99 > 99 >
£ PGl Ao AAZ o FolAA Fow  F EE AT 5 A%
Hadl=

Table 4% o|To|3 Bgojzgxzgel 2 dAY 4 HE
Cryprosporidinm @] A A& Jepd Ao Zgke &
g T1EeR Aud 2UABAAE 80%, BB B 9TNAE A)E GuA o] AP EE 24 o3
o dEZAME 30%, e AHAEAME A AAA E OE FX9 F4gle] & FERT
94%7F AAH T, AARerE 9%7F AAHY AL WABE V€2 SRS Y AR &
U, Fig. 125 £ Al2®d o3 A d5e A9 + 25 FAsn FdeS 430 439
Cryptosporidium=Z 2% @7 (Nikon Co., Japan, A9 AA FF2& Fau FUEFER 9o A
Model E600) = &8 EPA Zs5olth. Table 4, Fig. o] Ado s ReAZFE T o[do]F Hgoihr 2w
120 vetet mheh Zo] WYY dAFEA 9 FFAY AFE GG AFEY =29 2
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