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Abstract : The purpose of this study is to assess the applicability of device-type stream coagulation process which combines phy-
siochemical, biological processing for efficient improvement of water quality in small, middle-sized urban streams. The stream
purification facility of this study is compose of pressure flotation type Micro Bubble Process(MBP) to remove TSS and TP and
conduit line type Attached Microbial Pipe System(AMPS) to remove BOD. Test conditions of each device were set by floating stay
time and change of ultra fine bubble injection amount of MBP, and change of AMPS stay time. Also, removal efficiency of pollution
sources of each process were assess by change of season. As result of continuous operation of each process, MBP showed a
maximum of TSS 83.69%, TP 95.15% process efficiency and AMPS showed a maximum of 52.95% TBODS5 removal efficiency.
Also as result of circular operation of each process, MBP showed a maximum of TSS 69.75%, TP 70.17% process efficiency and
AMPS showed a maximum of 68.58% TBODS removal efficiency. Therefore, it is considered that this stream coagulation process
is effective in improving the water quality of streams in urban areas.
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Fig. 1. Experimental equipment of physicochemical (a), biological (b), (c) process.
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Table 1, Experimental conditions of MBP (2010,11~2011.02)
Bubble PAC do-

Influent flow  Flotation Pressure

Mode /629 HRT (min) flow (m%d) sage (L/d) (kgfem?)
1 68.43 60.0 551 20 3.42
2 105.6 400 8.53 3.1 321
3 140.4 30,0 15 41 299
4 178.8 230 145 52 285
5 2184 19.0 175 6.4 259
6 2952 14.0 238 8.7 225

Table 2, Experimental conditions of AMPS (2010.11~2011.02)

Mode Inﬂéjengi ;‘Ig{\;\)/ AMSPSEJI(Z)(\S/ AMPS HRT

(m*/d)™ (m*/d)™ (min)
1 68.43 68.43 992
2 1056 1056 64.2
3 1404 1404 483
4 1788 1788 379
5 218 4 2184 311
6 2952 2952 23,0

Table 3, Operation conditions with variation of MBP, AMPS (2011,

02~2011.05)
Mode Influent™- 2 MBP.nﬂow AMPS\H Qre/ Flotation ~ AMPS
flow (m%d)  (m%d) flow (m%d) Q. HRT (min) HRT (min)
1 68.43 2184 2184 32 190 311
2 1404 218.4 2184 16 190 31,1
3 218.4 2184 2184 10 190 31,1
4 2952 218.4 2184 07 190 311
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Table 4. Characteristics of influent in the pilot plant

" 2010 2011
em
Aug. Sep. Oct, Nov., Dec, Jan, Feb. Mar, Apr, May
TBODs 14 33 1756 5580 7734 81.21 83.13 90.75 86.66 69.36 4173
&OQ;‘E) TP 126 120 158 212 192 177 197 185 187 116
TSS 13.42 2014 4695 70.56 7064 67.46 71.96 70.71 67.15 3997
TBODs 18075 15719 1464 6 13855 11485 1068.2 10834 998 .81 901.69 77715
(t(;?g) TP 1605 1207 42 32 33.43 2812 2223 2298 21,71 24 66 2214
TSS 17163 19172 12428 12928 1016.8 886.45 847 21 803,34 873.81 75294
Temperature (C) 27 20 15 82 78 8.7 10 13 17 22
_ 130 T T T T T T T T 220000 <110 7 T T
"= 120 [TBOD llala| I Concentration ] 50999 100 [TBOD data]
o0 -
E :;g " Aug, ~ Octa—» Nov. ~ May. @ FlowRate 155000 % 90 ' i
s I - 160000 £ 80+
= 90 - R = F
£ gl - 140000 "z 5 70f
= S = _
g 120000 -2 2 60 -
S 60 1100000 5 S S0
gm 50 ‘- 80000 & 8'" 40 )
B °r Jeoo0 2 30
= 30 = = |
5 2| -{ 40000 £ 20+
E 10[ @ 20000 % 10 |- >
0 20 40 60 80 100 120 140 160 180 200 220 - 600 900 1200 1500 1800 2100 2400 2700
Time (day) Influent load (kg day™)
(a) TBODs (a) TBODs
5.0 — T T T T T T T T — 220000 4.0
~45 TP llala' —l— Concentration 1 200000 ‘-:
E‘) 4.0 | Aug. ~ Oct<—>Nov. ~ May. —@— Flow Rate 4 180000 E’ 35 d
53‘5 [ 160000._; F 3.0
~§3'0 [ 140000 < E 25 |
£ 120000 E <
3 25 5]
N 100000 < g 20
S20r -4 e 3 <
0 80000 'z N
Shad | 60000 = S
S1o0p 40000 g 10 -
b= L
E 0'5 ] 20000 E 0'5 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 0 50 100 150 200 250
Time (day) Influent load (kg day'l)
(o) TP (o) TP
140 — T T T T T T T T T ™ 220000 120
1SS dalal —— Concentration ] 200000 ‘-:
120 | Aug. ~ Oct—> Nov. ~ May. @ FlowRate 189909 %" 100 i
100 | 11600002 =
1 s S 80
L - 140000 = =
| s 4
80 1120000 E £
L 1 2 g 60
60 - - 100000 & g ]
. {80000 % o 40
40 J 60000 = z
200 1 40000 § 20 T
I @® | 20000 =

1 1 1 1 1 0
0 20 40 60 80 100 120 140 160 180 200 220

Time (day)
(c) TSS

Fig. 3. Concentration and flow rate of influent in the pilot plant,
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Table 5, Removal efficiencies according to the variation of HRT
and pressure in MBP

TSS removal TP removal
Mode efficiencies (Ave)) efficiencies (Ave,)
Inf. Efff. RL RE. | Inff Ef. RL RE
1 6942 1129 398 8369|214 009 014 9515
2 6950 1333 593 8040|186 011 018 9394
3 7342 1329 844 8109|186 016 024 9083
4 6742 1392 957 7929|180 014 030 8213
5 6825 1592 1143 7605|201 019 040 9024
6 7008 2525 1323 6377|182 020 048 8805

*Influent, Effluent: mg/L, Removal load: kg/d, Removal efficiency: %
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Table 6, Removal efficiencies according to the variation of HRT
in AMPS

TBODs removal TSS removal

Mode efficiencies (Ave,) efficiencies (Ave))
Inf. Eff. RL RE. | Inf Eff. RL RE.
1 4510 2116 1637 5295|1129 1205 - -594
2 |4650 2372 2406 49041333 1417 - -720
3 |4460 2053 3379 5342(1329 1419 - 683
4 4760 2713 3660 42941392 1513 - 980
5 4790 2661 4650 43731592 1677 - 643
6 |5830 4778 3105 1798|2525 2542 - -088

*Influent, Effluent : mg/L, Removal load : kg/d, Removal efficiency : %
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Table 7. Design factors of MBP according to the variation of

HRT
ltem BUbeeS?R-TSSU BUbb|e§RR-TP PAGremovai-Tss” PAChemova TP

kg/m°-d kg/m°-d kg/L-d kg/L-d
1 0.727 0.026 1,988 0,070
2 0.702 0.022 2.966 0.092
Mode 3 0.752 0.021 4221 0119
(Ave) 4 0.669 0.021 4783 0.148
5 0.654 0.023 5715 0.199
6 0.560 0.020 6.617 0.240

" Bubblesrs : £H9| Bubble E&2F & TSS, TP &|72f, kg/m®-d

ITIXO
o—rET\:t‘Eo'r

® PACRemova | T+

= TSS, TP M7, kg/L-d

Table 8, Design factors of AMPS according to the variation of

HRT
o Q  HRT AMPSyy Si?-8% QY(Se-S) iﬁ}“ﬁz&w) AMPSsgg

m¥day hr  m® mglL kg/d ngM day”
16843 165 471 2391 163 2151 0077
21056 107 471 2280 240 2216 0114
Mode 3 1404 081 471 2408 338 2170 0159
(Ave) 4 1788 063 471 2042 365 2202 0173
52184 052 471 2126 464 2213 0218
62952 038 471 9802 289 2343 0147

" AMPSssur : AMPS ©HQ| 0| M=20f| 2 7|ZlAH|E, day”
23yt AMPS S92 TBODs =&, mg/L
)
)

95 : AMPS &t2 TBODs &, mg/L
Y AMPSyy : £r9| 0fxlf Zolofl w2 D|ME 2E,

BESAAY T4 AAUAE @
EdE AMPS U njdlE FAE,
ol e @B AARE =5
ol W AMPS 0B A7
(AMPS;,)S} AMPS.©] 3, H52
T 0gEY AAFL 235900,

ox Mo o

lm]

HetEtd S etslR| | #1352 M7=120134 78

, 515
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o] &9 FAMYEF R AR AATS AHEstol A
AJAE EEOWE} %% AARIAE Modetﬁi 25}
o] oko] Table 8] L}ebHL).
A4, &3t 20| 2 MBP L AMPS Zin}
AEL4(Fig. 2(a) > (b))~ (@~ @)l WhE AFENE &
2 & AFA7E 9 £3-82H218.4 m'/day)S 1A
on, {684, 1404 218.4, 2952 m’/day) S W3}5}
o] #2l5=2 %=3kFig. 2(a)—(b)—(c)—>(e)—(f) stk
o7 z7o| w2 &3Hp o] 9 dEZ A|A EAL =3}
3+ A3} TBODs9] 7% Qrecyele/Quuinnent HE(3.19, 1.55, 1.0,
0.74) 7ol whe} 68.58, 51.36, 41.23 2 33.78% = A|AX
&o] fashs AL UehWloen], TP 4

3

o T QRecycle/QInﬂuent

Table 9, Removal efficiencies of TBODs, TP and TSS in the re-
cycle process

Influent Effluent
tem Mode  concentration concentration RE. RM.
Conc, Mass Conc, Mass

1 8705 595 2735 187 6858 408

TBOD; 2 9587 1346 466 654 5139 692
3 8198 1790 4818 1052 4123 738

4 9100 2886 6025 1779 3378 908

1 181 0.13 054 004 7017 009

2 203 029 083 012 5665 0.16

™ 3 172 038 092 020 4651 0.17
4 2,01 059 134 040 3333 020

1 6925 474 2095 143 6975 330

2 7208 1012 3356 471 5344 54

188 3 7033 1536 4236 925 3977 611
4 7258 2143 5424 1601 2527 54

*Influent, Effluent : mg/L, Removal load : kg/d, Removal efficiency : %

80

ZrAao) ukal 70.17, 56.65, 46.51 W 33.33%= A|AELO]
faste AS & 4 Aok B3 TSSO o= 69.75,
53.44, 39.77 9 2527%=2 7rAast= AL B 2 9tk &
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E119] AJHIAE Fig. 100 vetlch AdaA
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83 79 hH] A257F Aol E8o] 7Hed Ao Atm
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R?=0.8677

@ TBOD; (Qrecycle/Qinfluent vs. R.E.)
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Equation: Logarithm, 2 Parameter I
F(x) = 40.24+25.31*In(x)

At Qrecycle Qmﬂuent 2.8
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Fig. 10, The relationship between Qrecycle/Qinfluent ratio and removal efficiencies,
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