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Abstract : Recently, as a variety of techniques of CMF (Compressed media filter) that has advantages of high porosity and com-
pressibility have been developed in the U.S. and Japan. Therefore, the interest of intensive wastewater treatment using CMF has
grown. This study examined the feasibility of CMF with varying sewage water quality to determine the optimum operating con-
ditions. A preliminary tracer test that investigated the filtering process under various compression and flow rate conditions was
performed. In a high compression condition, different porosities were applied to each depth of the column. Therefore, a distinct
difference between a theoretical value and results of tracer test was observed. For the TSS (Total suspended solid) removal and
particle size distribution of CMF for pre-treatment water under the various compression conditions, the compression ratio of 30
percent as the optimal condition showed greater than 70% removal efficiency. In addition, the compression ratio of >15% was required
to remove small-sized particles. Also, an additional process such as coagulation is necessary to increase the removal efficiency for
<10 um particles, since these small particles significantly influence the effluent concentration. Modeling results showed that as the
compression rate was increased, TSS removal efficiency in accordance with each particle size in the initial filtration was noticeably
observed. The modeling results according to the depth of column targeting 10 pum particles having the largest percentage in particle
size distribution showed that 150-300 mm in filter media layer was the most active with respect to the filtering.

Key Words : Compressed media filter, Tracer Test, TSS Removal, Particle size distribution, Modeling
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Fig. 1. CMF reactor,

Table 1. Physical characteristics of media
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Turbidity
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Pre-treatment effluent® 90-95 85.7-90.1
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weather
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4 The effluent after grit chamber in dry weather

® The effluent after physical and chemical treatment in dry weather

% The effluent after biological treatment in dry weather

9 The effluent after grit chamber included the initial surface runoff of a
rainstorm

9 The effluent after grit chamber when first flush is end
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Table 3. Equation for permeability (k) and effective collector size

Table 4. Permeability (k) and effective collector size (Cq) accor-

(Cd) of media ding to the each compression (flow rate 820 L/min-m?
Equation Remark Compression Porosity Permeability (k) Effective collector size (Cq)
% % mm? mm
(i) Internal characteristic of N E UBE, Unit 0 96 0.0027 0.301
media mril bed element 15 93 0.0015 0.227
30 91 0.0008 0.166
dh 8 8 - 40 88 0.0006 0.144
(i) Headloss of media Cro o _ oM Hagen
di wrlpg  r’pge  Poiseuille law
(i) Relationship between 1.4
. dh  op
permeability and hydra- T oo Darcy law 1.2 4
ulic gradient of media g
1.0 4 -
(iv) Relationship between =
collector size and media r,= 1/— (ii) and (iii) 0.8
permeability € S 06
ah — °°7 —¢ Blank
* | = Capillary length, ro = Radius, N = Number of capillary, — = 04 -@- Compression 0%
dl T - compression 15%
Headloss, g = Flow rate of a fluid through the capillary, u = Visco- 0.2 —W Compression 30%
sity, p = Density of fluid, g = Acceleration of gravity, k = Permeability, ' —/~ Compression 40%
0.0
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Fig. 2. Evaluation of the permeability of the filter medium for
different compression ratios,
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Fig. 3. Evaluation of the Tso/Tr of the CMF for different com-
pression ratios according to the flow rate.

1
1200 1400

Aste] Eaby W §8 FA A7 oA PE B
H g 5= BAE UER Sith(Table 4).

A dEER 1Y FFoll WE CMF W79 74 55
3 o3} AR bR IA ol UYHE(0-40%)3 o] &
(205-1,230 L/min-m’)o] w2 2 2H(NaCl)°] #EA7-S 3
Hojsick g o) 0] mE AFS PsLTA EBCT
(Empty bed contact time, &R ZHAAA S AFATHE
A EAsHTh 7 dEECl OE AFAE Bl {4
2} o7 9}9] Ad2 118{3}o] HRT (Hydraulic retention time,
ol24 2lakx] AFATol oby Aol ot AFALE
Hlal 7]&o® stglem, AA| A7 AITHTs0) @ HRT(Tr) 4]
v & vlaste] CMF WOl {4 552 95313t Fig. 3
= AW AuEY, oA, ASE 0%, d5E 15% A=
o dh& Watel WA glo] whe} TsyTr HI7F 1] 77k &
RGO 2 A CMF 5] o429l A58 0] o]Fojxl
AL AT 4= Qrk. shARE o 3Hg 820 Lim’-min % 70]

FEEo| F7Hstol whet Tso/Tr HIZ7F Aoldt 42 vt
o= YFHS A ALT Aol FFol oA HAA
wmeA ghe weie oJR|o B44 olol et
SE2 UEZ] dizoll, Tr 2 AHgst=dl 28
P A BEEae) Aolo] e gafo wekw) v

& AN E =2 dS5ES A8 Al

Eo| gt e e 7dis &

=

o)
2
1o
—>&
off o
ol

1

3.2. CMF k=0

A% APE

= TSS A 7

St A =4S AT F AR

of

| Joumal of KSEE | Vol.36, No.2 | February, 2014



J. Kor. Soc. Environ. Eng.
AU=H ofxlf o{ZtE 0|8El sl THER M EfFEM 017

100 5 = 100 5 =5
(a) 0% compression 3 (b) 15% compression 3
~ 80 - L4 — — & o0 4 E
X of ) X QOO )
= o0 O = = °® o £
S 60 *°® “.“. 1o s @ S 60 !.---Et.’.!.‘:.‘..’.!:'.’.o L3 2
] [} 5 ] Y =1
£ o™~ ‘\.-. S £ o e ®
g 40 - o7 ®®, & 5 4] = | "eisy =
(] ! 2] [7)] 1 (2]
2 o ; 22 50" : 2
F 20 4 o© i F1 ¢ 20 4 O i -1 2
g : 8 lead : 8
O i E O H =
0 T T T T 0 g 0 T T T T O g
0 20 40 60 80 100 o 0 20 40 60 80 100 ©
Time (min) Time (min)
100 5 =
(c) 30% compression O)} g
O NI
< 801 0. [ =
o ()
‘_‘; “W'"Om.i%}. =
> 60 O i \.\ 3 E’ —@— Removal (%)
g o i °® 3
3 40 | o i ‘\.’_ 5 8 —(— Cumulative TSS loading
- O | 2
(2 o] i s
= 20 o ! 12
OO/O/ i 5
0 T T T : T O §
0 20 40 60 80 100 ©

Time (min)
Fig. 4. Plotting of TSS removal efficiency and cumulative TSS loading under various compressions; (a) 0%, (o) 15%, and (C) 30%
at a filtration rate of 820 L/min-m® (Co = 77-90 mg/L).

=250 2 TSS =& ¥W3lE Bastz] ¢4 0, 15, 30%9) Table 5. Specific time and TSS removal for CFM under 820

oA &&ET 820 Limin-m*e] ofabg Ao H HAA Ljrmin-rof
258 WO ofn AFL UL Compression
77:90 mg TSSIL A1) $@<ol4 CMF o g3l 0% 5% 0%

7}ela2 ko 922 7SS w2 UeR) S , mE of Specific time (min) 647 635 712

ST TET
25 2704 27] A7A % 60% oA APHO A Specific TSS removal (%) 523 595 68.3

4
fuj

BAL 5 AU AT FEE 0% A AEHE 15%
% 30%01419] 03 ol ofg} el AL AE Aol b 2L R ol AQC12 mingh £ TSS A
chA| olgh AIZE 108 F A4 ol B& AR QISE ER(83%) W FA TSS HRIG.6 kym'-day) € b

of dAT FYH(AAA TR AALE da BAFS U A7) ool o] o] o} wpikx] wluoA 7P AEA
EFY $ITh(Fig. 4). o]= HIGSHO R Idto] HFYstA &2 ¢l olmt 2o = ARl I th(Table 5). o] 27t TSS A|A
o YAT T HEtH = 0% g5 oA Ao 71l ey 74 Fs wapge] ot out my g = W
A=, olzd A2 AFEC| FVESE AAE Ha & 71E9] AA Fotel s Foko] wAo| ot A A M}
Al 2 g7t Kok & FE9 224S UEdo] 45l 9 &= ApdEE PR HHHQ S HilEgor
gk X*XW O 7 Aadshs 3= FH7F oS FEX 2 o AT AAES AHSFOEN F 7l 7HAA A Hal Axt
A FEE Aot AolFe & 4 YAk ol2d FA of W& LAE StUE HaAlA Hrh AERE o] 7He
[X=1 %.Pi E= Asthe 35 7] M3 o 359 sirt.
AYE o8] FFE AHESt= ATH(Dual media)E 7| 150 mm 7FA o2 oz o] 0FE 600 mm Z|57}A] 471
o lem A A7) wE oit avE Sst & 4= Sl 9] port® F/JH Fo|E TSS & H| Ao A port 1
AL Y1 gk (150 mm)Z} port 2(300 mm)2] TSS HE= oz AFE QF
2& 200 oA el o b ARRE] CKTSS 4 Fa}) ol o3 AF ALY nn[gor AHof vjs RO 4=
 oJi} §8-S HwWEtA TSS A|A &8t BAZE v A 27178 2A FA4E o] 22 Aol gt AlA a&d o
otettt. FUs 7148l TSS A A& =2 TSS o 2 o]RoJR| ] gttt AR, YEHECl TS T
o] mAp2 ZF oA ofihgof thgh A vt 7HEgt I ofx Wi A 2719 Fam 1sto] 2k QR A|A
IR o] NHA L o} LT} o} AHS V|ELR 7} -olstgl7] ol port 3(450 mm X))o A FE7E 2ol &
ot EAE UEtd 4= Utk 53], oA o 30%9] = et glom, o] ZolAe] Ait= 5ol &gk TSS A A

CHEHEHA S St3|R| | #1367 M2 | 20144 22

,89



J. Kor. Soc. Environ. Eng.

2ol - HEY - X - 2ofel
__100
=| w450 mm (b)
()] [ 600 mm 1.0
80 F < e e R —
E . ¥ g
s S 0.8 - -
.9 60 E : v - -
- N P
g 2 o6 P d v
3 40 £ oo
g g 041
8 20 4 (&) . @ l:;/;compressio.n
7)) . V compression
g —- 30 % compression
0 T 0.0 T T T T 1
% 15 % 30 % 0 20 40 60 80 100
Compression Time (min)
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mm to 600 mm versus time under various compressions at a filtration rate of 820 L/min-m? (Co = 90 mg/L).
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Table 6. Summary of filter runs used to compare with model
predictions

Experiment number

Filtration paramater Unit 1 2 3
Initial porosity % 96 93 91
Medium compression ratio % 0 15 30
Initial collector size mm 0,301 0227 0.166
MSD mg/L 5769 6,289 7,083
Filtration rate L/min-m? 820 820 820

Influent TSS concentration range  mg/L 90 90 90

Influent particle size distribution % by number

»100 um 0.1 0.1 0.0
10 to 100 um 8.9 6.9 26
510 10 um 201 243 264
2105 um 619 687 710
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