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(3 2-19] €9 7= (&4

9 | 19 | 29 |39 | 49 | 59 |69 [ 79 |88 | 99 [ 109 | 119 | 128

o -2.7 0.1 5.4 12.5 18.0 22.4 24.6 25.6 20.6 13.9 6.7 0.1
43 0.7 4.3 8.1 16.0 19.7 24.0 29.1 28.0 22.8 17.3 11.2 2.9
L2k -8.4 -4.6 1.1 10.2 16.0 20.1 21.9 22.6 18.3 11.2 2.9 -4.0

7173AR(F7178H), 717873 1967~2011

o}
67TERE 201297HA] A 25 4—@6}919_111 o A
o = K

: o] 7% ©< 3l d 1806mm= -7
vt A Al 1245mme oF 150%7F SAstR e bt AL sie
2001 784mm= AR T FFEF 63%7F TSRS, EI HANLEdFFS
19951 84l 835.4mmo=® YEhmemw HALGFFS 1977d 2do=

0.2mm= YEFLT

(3 2-20) €9 A5 (49 @ mm)
10 11 12 _

A% 14 29 39 44 59 69 74 8¢ 94 - - 3 A
! | !

1967 24.1 22.6 58.0 84.8 51.3 160.1 | 2325 | 243.1 83.5 16.6 916 | 10.7 | 1078.9

1968 12.9 15.4 63.0 13.5 44.5 50.4 195.6 244.8 62.3 120.0 52.0 10.7 885.1

1969 100.2 49.6 19.2 187.1 130.0 41.7 335.3 495.6 250.5 15.0 31.8 20.2 1676.2

1970 2.3 72.3 9.8 87.9 93.6 97.9 267.7 136.4 347.5 121.2 28.0 19.1 1283.7
1971 48.3 37.8 41.1 53.8 69.9 282.2 424.3 164.2 75.8 5.6 10.8 32.6 1246.4
1972 64.9 29.7 171.0 42.8 90.0 59.0 179.4 372.3 141.6 36.1 108.3 15.6 1310.7
1973 63.9 15.3 2.0 99.5 85.1 161.1 133.3 110.9 101.9 51.9 35.8 10.8 871.5

1974 23.1 27.6 1.6 158.0 198.4 52.0 337.9 92.8 50.1 48.0 16.4 24.7 1106.6

1975 9.7 5.5 60.9 138.3 86.8 65.1 341.2 140.7 229.2 61.1 34.3 33.6 1206.4
1976 7.2 60.8 11.9 85.6 22.0 70.9 127.7 523.2 26.6 41.4 39.5 32.1 1048.9
1977 1.4 0.2 34.0 169.6 56.2 114.2 236.5 110.9 182.4 7.3 76.7 43.5 1032.9
1978 23.0 42.9 58.4 13.5 18.8 337.3 307.1 330.4 25.0 56.7 14.6 24.2 1251.9

1979 21.4 49.5 69.3 99.3 104.7 361.9 140.7 230.8 200.8 43.0 30.6 24.2 1376.2

1980 34.6 7.3 37.5 157.1 208.6 279.9 415.0 261.9 65.8 112.4 37.6 42.0 1659.7

1981 26.2 13.6 28.8 39.3 23.9 108.6 369.6 277.8 161.4 39.1 34.3 12.1 1134.7

1982 22.2 9.3 58.0 20.2 112.8 5.3 158.9 260.2 4.9 32.1 127.9 38.4 850.2

1983 16.2 25.9 77.0 134.0 67.1 140.5 267.2 228.3 224.3 27.5 25.2 4.9 1238.1

1984 9.8 8.9 29.8 108.5 59.6 174.8 205.2 187.2 200.7 24.3 67.7 27.0 1103.5

_27_



1985 15.6 34.8 72.9 52.6 125.1 46.8 229.0 280.8 236.4 157.0 81.8 39.3 1372.1
1986 15.1 16.1 31.8 28.7 100.4 197.2 282.5 197.0 132.8 76.9 33.6 45.4 1157.5
1987 64.7 53.3 47.7 46.4 82.4 121.7 536.5 571.7 21.1 44.6 63.8 2.3 1656.2
1988 12.4 3.5 45.8 50.4 39.3 75.7 385.9 162.3 51.2 5.2 19.9 27.3 878.9
1989 65.3 62.8 82.8 17.3 56.1 180.3 303.0 127.8 273.4 24.7 64.0 22.8 1280.3
1990 72.1 99.2 60.2 75.0 76.5 282.8 264.0 247.9 189.1 3.1 68.1 35.7 1473.7
1991 21.2 47.3 57.5 71.6 88.5 99.6 357.3 79.8 213.0 17.0 21.4 69.4 1143.6
1992 13.5 16.3 29.6 110.1 100.3 28.7 141.7 263.9 176.9 27.4 42.2 39.5 990.1
1993 7.3 75.4 33.1 54.6 127.2 118.8 254.0 378.1 126.6 39.6 66.9 20.2 1301.8
1994 13.3 12.8 54.2 21.3 108.8 140.5 85.5 318.5 48.1 160.1 29.6 19.3 1012.0
1995 21.5 14.0 34.4 64.0 70.7 30.9 204.9 835.4 17.5 22.6 20.3 3.6 1339.8
1996 279 4.2 98.4 28.6 36.8 255.8 170.5 128.6 11.2 67.1 77.2 22.5 928.8
1997 12.9 39.1 31.6 58.5 179.1 210.3 4255 211.1 55.5 8.4 180.3 44.3 1456.6
1998 22.0 28.9 30.9 153.1 92.8 247.0 253.0 460.6 225.9 74.2 447 7.1 1640.2
1999 1.6 3.6 54.1 91.4 102.4 191.1 122.4 197.4 281.3 252.4 15.4 13.4 1326.5
2000 38.7 1.3 10.4 56.1 42.1 185.7 300.0 390.4 244 .6 32.1 37.3 18.9 1357.6
2001 56.9 50.3 11.3 12.7 14.3 217.5 171.5 135.5 11.8 75.9 6.9 19.5 784.1
2002 58.7 9.0 25.9 132.0 106.9 57.9 186.2 482.4 90.5 58.0 26.3 48.0 1281.8
2003 16.2 45.0 38.9 192.7 113.5 186.0 467.2 293.9 150.6 32.5 33.1 12.2 1581.8
2004 12.5 42.3 67.3 61.0 121.8 421.5 318.9 247.6 139.0 2.0 34.0 38.0 1505.9
2005 4.6 13.8 36.8 66.1 50.7 170.5 373.1 332.7 295.5 54.6 16.0 11.3 1425.7
2006 20.0 28.9 8.2 89.3 119.4 115.5 508.0 52.5 18.4 21.3 83.4 16.7 1081.6
2007 11.2 33.3 103.2 35.8 145.5 81.2 273.2 385.5 391.4 43.5 8.8 21.9 1534.5
2008 29.0 7.7 29.4 27.0 64.5 112.0 296.6 195.5 92.6 13.1 10.5 14.4 892.3
2009 17.8 13.1 54.9 30.4 109.6 77.2 345.7 187.5 49.5 49.5 43.9 40.7 1019.8
2010 37.8 69.2 99.8 70.5 110.0 42.6 224.1 433.2 278.6 17.1 15.7 23.8 1422.4
2011 4.5 43.2 23.5 111.2 116.2 360.7 531.9 290.2 182.5 34.5 92.6 14.6 1805.6
2012 17.8 3.7 65.1 106.8 31.2 93.7 257.4 479.5 162.5 61.2 52.1 56.6 1387.6

ZI4AB(HF7174d), 1967~2012
(3) € 5 9 AUF=

AF7I4NY FE57 AQSEE F2 114979 (82 2A 890 1 23E
O (# 2-21) 2 (% 2-22]9 24 9 35 A5T 7MY 2 @2 20024 4
Yo 3.1m/s® ZAEJ e 7P $e e 1.1m/sE ZAFE Y. €98 A<y
T AaF M 2 #e 20119 7€ 81.9% % FAMHSen s we g

2004 49 46.4% % ZAME AT

_28_



(% 2-21) €9F 35 (&9 © m/s)

Ax | 1€ | 29 | 39 | 49 | 5Y | 69 | 7€ | 89 | 99 | 109 | 11¥ | 12¢ | BT
2002 | 2.7 | 21 | 29 | 3.1 | 27 | 26 | 28 | 2.7 | 2.1 | 2.2 | 24 | 2.1 2.5
2003 | 2.1 | 2.2 2 2 1.9 | 1.7 | 1.7 | 1.5 | 1.5 | 1.5 | 14 | 1.6 1.8
2004 | 1.5 2 1.8 2 19 171718 |18 |16 | 1.3 | 1.5 1.7
2006019 | 22 23|21 |19 | 17|16 |16 |17 |12 |12 | 14 1.7
2006 | 1.3 | 1.6 2 21 |18 | 17|16 | 14|14 ] 11| 15| 1.1 1.6
20012 |13 18|18 |19 |18 |17 |16 | 1.7 |13 | 1.3 | 1.3 1.6
2008 1.3 | 1.3 |15 |18 | 17|18 |14 |16 | 12| 1.1 | 1.1 | 1.3 1.4
200913 1411916 |16 |16 |16 | 1.7 | 13|13 | 14 ] 1.3 1.5
2000 1.2 | 14119 |18 | 17|16 | 16 |15 | 14| 1.2 | 1.2 | 1.3 1.5
201112 11} 1717|1716 |15 |16 | 15|12 | 1.3 | 1.2 1.4
2012 12 |14 }18 |19 |15 |18 |15 |19 |14 | 11 | 1.3 | 1.2 1.5
B | 1.54 11641961199 (1.85|1.78[1.70|1.72 [ 1.55]1.35]1.40 | 1.39
7173AR (FF7178d), 2002~2012

(3 2-22) €48 s (&9 %)

Ax | 1¢ | 29 | 39 | 49 | 59 | 69 | 79 | 8¥Y | 9¥ | 10¥¢ | 11¥ | 129 | W
2002 | 67.0 | 57.8 | 53.4 | 50.9 | 60 | 60.3 | 71.9 | 78.8 | 72.3 | 68.4 | 61.8 | 66.9 | 64.1
2003 | 66.4 | 64.1 | 59.5 | 58 | 59.7 | 67.9 | 76 | 77.1 | 75.7 | 62.8 | 67.8 | 62.2 | 66.4
2004 | 63 | 54.6 | 48.5|46.4|60.2 | 61.5| 755 | 71.1|70.3| 584 |64.5]59.2]61.1
2005 | 54.1 | 50.9 | 50.2 | 46.8 | 54.1 | 67.7 | 73.4 | 74.5 | 70 68 | 58.9 | 59.7 | 60.7
2006 | 60.8 | 56.4 | 48.2 | 53.3 | 57.9 | 64.7 | 80.2 | 69.8 | 63.5 | 64.7 | 60.9 | 66.8 | 62.3
2007 | 62.8 | 56.6 | 58.7 | 48.6 | 56.8 | 60.5 | 74 | 76.6 | 80.4 | 68.1 | 61.3 | 70 | 64.5
2008 | 63.3 | 52.2 | 56.4 | 52.2 | 55.2 | 66.1 | 73.9 | 69.6 | 67.4 | 67.4 | 63.4 | 59.8 | 62.2
2009 | 61 |61.2 5271499 | 54 | 598 | 73 |67.5|66.3| 61 |63.6|64.5]|61.2
2010 | 65.9 | 61.1 | 60.4 | 52.1 | 55.5 | 58.8 | 74 | 80.1 | 76.8 | 70.5 | 61.3 | 66.3 | 65.2
2011 | 61.4 | 61.5 | 50.4 | 53 | 58.6 | 67.1 | 81.9 | 78.1 | 69.6 | 67.8 | 66.7 | 58.4 | 64.5
2012 | 60.0 | 51.0 | 58.0 | 55.0 | 55.0 | 61.0 | 76.0 | 74.0 | 74.0 | 66.0 | 65.0 | 69.0 | 63.7
62.3 | 57.0 54 21514 |57.0]63.2|754|74.2|71.4|657|63.2]63.8
4 4 7 0 2 4 9 8 4 0 9
7]’2}%3(7‘327]”\’3) 2002~2012

ekl

tgfelol =g+l gle FFTIE FEIe] 1wk g2 1w 3 2w
ofwf, 20124 129 7%, FFT94E <A7= TE19] 1ntel 367 (444167,
A%F:20%), TE28 e Inbel 487 (FA:29%, oA:19%), g2 e 28]
3178 (d#b:187, o17h:13%) 22 Y.

e el ZEASERdE & 205F0H, VB AR VhERee FAH L
= Wgtste] 2APE 27kt whEbA digd el 2dEl sle TEE e 44
BFTAQA e i Frh 2AF AAE ge 3
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Wasedo] EHEol e FARE AUT Belwel FATAY 4TS 24
stlom 1 AdE (F 2-23) 2 (£ 2-24)¢ #rh, Eoweol WAL 93 ko]
W e FAAHEL 11.46%°ltt. EoHol+= 22709 HA g9} 34712 3
Helz 7AHo] glen s1Ae Adres Faaw U AdE Beluel %
ol 5,087l HAAH] Frtete FAHE Eeolal At
(% 2-23) A FY
A J

gms | 24| T L0 A0 woh | Adee o
(k) (%) &) A W

sow | 93.30 | 11.46 1 34 99 101 81

I AR 2011, AL
(£ 2-24) Fo9 A ol -

B = BED]
AT () A SEEST]) SEEST]
ams %
A A oA e d oA g | o
o 5,149 2,664 2,485 2,110 5,062 2,607 2,455 87 57 30
g9 EAAR 2011 9L
(2) AATFEE 57} 2 AANA
FolHeo] AXEE 3.0ha "l 7M7) 97.6% % AR Advs IdYstn
9 Aoz zAEYen & 44 WAL 647Thaz TAHALG. 1 Ase e
(% 2-25)¢} 2},
(3 2-25) AXFEYE 71 2 FAAHA
2 B4 3 ona | 3.0n AA | uAR
= — . a . a (e} tol ]
gug | 00| SO BE ) TEE | o | ma | ma
= 7 &7 =7p¢
7 7 h h
(1) 1) (7HH) (7FH) (ha) (ha)
wou | A | 754 4 750 732 18 647 6
THAFEFZAF 2010, BAA
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N7 Fojmol o8 o] LS 2AMEY O AdeE (E 2-26)3 2
o F9EF T =& LE&FE 197090 &% It FAE Holtt
19808 #Hasty] Alzfste] dA7bA] A FAE Bl W F4hg
T IAFH dAA FES] Sbeke FAE = Aew =AY
(3 226089 THE&F o &F (P9 Am/d)
I 7 g5 e 58T
1970 15,347.10 9,680.70 5,654.00 12.4
1971 16,298.10 10,155.90 6,130.10 12.1
1972 16,857.60 10,532.80 6,311.90 12.9
1973 17,881.60 11,072.80 6,794.00 14.8
1974 17,378.50 10,886.90 6,474.70 16.9
1975 17,480.30 10,703.90 6,761.50 14.9
1976 17,030.20 10,765.40 6,250.30 14.5
1977 18,285.90 11,859.90 6,410.30 15.7
1978 17,399.50 11,301.90 6,079.30 18.3
1979 16,429.90 11,060.20 5,351.70 18.0
1980 15,446.90 10,621.00 4,810.10 15.8
1981 16,384.60 11,251.20 5,118.70 14.7
1982 17,434.60 12,040.50 5,376.30 17.8
1983 16,316.80 11,231.10 5,063.00 22.7
1984 16,280.30 11,385.00 4,867.90 274
1985 16,009.60 11,290.50 4,689.90 29.2
1986 15,605.50 11,083.90 4,495.20 26.4
1987 14,309.70 10,302.60 3,984.50 22.6
1988 15,964.00 11,673.40 4,271.30 19.3
1989 15,168.20 11,033.00 4,115.90 19.3
1990 15,214.90 11,346.40 3,848.40 20.1
1991 15,084.50 11,185.40 3,878.30 20.8
1992 15,792.20 11,720.80 4,048.20 23.2
1993 14,163.20 10,400.20 3,736.20 26.8
1994 16,935.10 12,284.20 4,623.30 27.6
1995 14,364.50 9,878.60 4,455.50 30.4
1996 14,042.40 9,792.50 4,215.90 34.0
1997 13,143.20 9,745.60 3,362.50 35.1
1998 11,712.00 8,756.80 2,920.60 34.6
1999 12,284.90 9,060.00 3,194.30 30.6
2000 12,090.10 8,814.20 3,249.90 26.0
2001 13,404.60 9,651.20 3,729.20 24.2
2002 11,737.50 8,444.80 3,222.10 70.6
2003 10,595.70 7,601.60 2,919.00 75.1
2004 11,303.60 8,182.50 3,043.50 77.6
2005 10,779.00 7,745.60 2,956.20 7.2
2006 10,512.60 7,713.00 2,718.20 81.4
2007 9,678.70 7,101.30 2,496.60 80.8
2008 7,942.20 6,055.10 1,773.60 113.5
2009 10,505.10 7,602.90 2,776.40 125.8

S AL E @G BA 28 1970 ~2009
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3 Aow zAHAY. O Ao (F 2-27)% 2
[3% 2-27] 299 ¥/l E55 GERRIE)
e F55 22 7] e
1970 480 3 7 71
1971 466 4 8 71
1972 498 4 7 55
1973 562 7 8 41
1974 645 8 9 26
1975 564 7 5 29
1976 550 7 10 38
1977 597 8 8 45
1978 693 9 10 80
1979 676 11 18 66
1980 592 11 10 67
1981 547 11 9 77
1982 661 14 11 92
1983 841 18 22 131
1984 1,012 23 18 115
1985 1,076 28 17 126
1990 677 39 32 402
1991 702 38 33 374
1992 794 40 32 350
1993 917 47 35 372
1994 951 46 33 441
1995 1,052 49 40 472
1996 1,175 54 47 490
1997 1,212 57 57 531
1998 1,179 60 65 551
1999 1.025 58 67 614
2000 840 57 71 662
2001 765 57 84 544
2002 531 160 2,594 33,794
2003 598 153 2,849 34,298
2004 679 143 2,705 39,913
2005 707 133 2,702 39,547
2006 773 124 2,748 45,180
2007 841 116 2,892 37,389
2008 1,642 271 3,125 36,103
2009 1,834 277 3,359 45,539
F7 A A E A BA 28 1970~2009
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ko

HT A7 e @714 steAE FHS A FAIZE] 3~8A17F W lo]a e
AN A, F71E FatEo] 7] wiiEo] wetrts wA o] AA] @m, AL
o} Qg T3 WHF vt 2o EAMS WEstn o a8y Atrhe T
< =9 F7E g AUldUAZF AA AsHa, )2 olibsiets wA S
=Y F JdE= A8A SFAYIER AN HEA B A7t 2dsa gl

A717 strAEl 3] dHdS A AY Bestr] st S AEdH
233 g3t A gHEe] MEHn o, =2 fUEHE AALES 94
3ta 9t} Von Sperling 52 718 %3t%o] 2.3~4.4kg-COD/m?>-dela, A

FAIZEe] 24z 442k, 2.8A17%1 UASB(Upflow  Anaerobic  Sludge
Blanket)-AS(Activated Sludge) Al AElS <93 A3 85~93%2 TCOD Al
ARES 42 & AUk AAE TCODO 81~94%7F UASBeIA AA=A,
GAEHA(AS) FFAM=E F 4~9% BERE AASHAJY. F 90% F = FY

TCODZ} #7142 5= UASBAAA A AH7] wie] $Ho=2 0= A4S
HAZAZNAM AheFHS A =Y F Ax, EASHUATE S AAHA HFSF
F4& 13 ¢ Q.

UASBOA 7152 & Se|x 2o ZIddH FT 74 nAEd &) wWerta=

A3Eo] AAEY. La Motta 52 ¢ TCOD7F 341mg/L% 3HF-E
25.5~28.5TCA  AFAIZEo] 3.24311 UASBE A Zi} wgrxart
253~29.1mL/L dAstitha ok, eyt AlFAIRbe] o, FEeld skl
7] Wioll @71 st AE T oA we AR tig Ad3e WA e Ao
1=

wgbd, B A4 E UASB(Upflow Anaerobic Sludge Blanket) EFY9] &
7173 WEg-Z9} ABF(Aerobic Bio-Filter)® FA4 ¥ &3 d7|4 s-Az3d S
ol-&3sttt. st d4E UASB stdtel A4d FATE St ¥FFRE F4
o, Fdstre] A& i EelAF fFEe At UASB uHigdl ddel &
AR, 10rpme = wRAA FAT. Lab-Scale® 2% <1 AAEZ el
UASB g% Add SHuwtzE WL Fo] 2o AAZS £33t 2m, pilot
plant2] 4% A% UASB #tg-Zo] Fgste] A AAZ 359
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Coagulant

-4

(% 3-2) Lab Scale ¥

3-3)] A& F<l pilot plant &

pilot plant AA %A

G

o

i=

= 4 Lab Scale pilot plant
d71x A7 16cm, =°] 68cm 217 1.2m, =°] 2.8m

E71z (w0l £3)

4ol 10cm, YH 10cm,
o] 50cm

4ol 0.8m, YH| 0.6m,
o] Im

7] Z(trickling filter)

217 8cm, =°] T4em

Zo] 46.2cm, YH 3lcm,

Zo] 3m, Y4 2m,

A Az =9] 6.2cm =°] 0.4m
(3do g £A4) (3go g 34)
St A & 9.36L/d 2.6m3/d

_35_




-yt
Iy 1
l_.
1
-.
o o]

*_ L

—

B
I
-

L=
Larary b

S e

olia

a-Ei

TS
LE-Eot

=rE
"
bl

L

s
s i

I

Z

3-4) pilot plant A2 Hj

ad

(

_36_



A 34

F A AldEA rjER 2

% 3

12l Aol A8 7t

%

P
T

3

vhe

o
ol

ol

a8

—_
file)

0

ol
Gl

Gy
B
of

0

A

iHs

b s ool A3
A AYEGFOR R

ERERER

e,

S

Al
21

=3

~a
o
H
i
o
X0

p—

o

w
N
N
ol
o}

2] Al 2=mle] 3

Zx

3

2 HUAA,

=K

tol Aejgo =, v o9 A7t

3|

SA A At

(RH, =22))

Ho

A

2l %

3
A

M

=)

=7

2003¥%

Mo

{F 1

44 s 44 By Fo

=

ol

o
it

_37_



(1).

o T
o _zt

T A

],
o] A A=,

=]
=

mjp

T2
A

A
o]

T

B8
{F oy
Ny &
oF K#

Mo
o)

—

N

1
&+

sk 2] A8

Ea
<

Ao B APzl )

Al
2]

(2).

HowRE WA ¥A

= A&

Ao ol

Al
)

il

)

rJ
ﬂﬂ

Al
&

il i B o —_—
= T K = g0 Iy
- I I Dy %o o 7o T W g M
o) — o - N o =i B OOF oo X i
B g Tw | T % R A B ol %
=W o w x| P oo A M R C M m R
o o e Ho Jm o ~| i G5 = o ,;m“W ] s ol § H.MUV @_‘ Bn
= eI i B R o= PR Wﬂﬂxﬂoﬂﬂu S %
oAl wm A wﬂ%%o%ﬂmﬁﬂ T 1a«zoﬂb_oﬂﬂmo My oot xR
= i Dy ﬂl.7 l\lﬂj.oﬂAoqﬂDlﬂ_Zl,Llﬂxl]ﬂ 5 AT
™~ = e To W Ho A o L KT X U N o = |=
R < | = o O = K gp|®e TR Ao "IN =y g
~o o B X m = T L) (- o 3 I o W 7K
= ~ gk 3 r gl P o H B = o) 7K gn of =W E ol Ho ™ — =
T o Cl o~ J = K o TR o ® i > ~ i
= 5 X Xoor Ny o o A |o] oF of ™ RH | oA CEIRS 7
B o | Lo B aK =° ~ o T E I A |
Ko < K oF 3 o (BT o E do
—_— i _&_u B = e o l | _odﬁ =< :.L 1:0 27 olw =
) = H 0 -~ X o Br | 03 —— n X xm
= N of W X ok wﬂ _@J o = A (G giod Aol N oy A
_‘1M| ks ™ o = = A = %A o oF of |FE o N bl Mo
i e _,i ﬂo 59 %AO| o ‘w 1_”0 ~ ﬂ jans X ™ _,ﬁ M ‘OIL
N R ev$
ﬂA'
n
- S P S S o)) o
pjo N X < S 2 — S —_
N N i o =
™ x
M — WL gaze) —_
o — o _
w T o o EX | w | T o
r o Bl o] B | W ST g Moo o
=N T | k% T B
- = <
M
LW ¥ w T
Do ooy = = ® o |P T o
! ' [l w [~
= = X %L — bR R i ww = | A i o
HO - o K e o N ~ — ™ =o -~ BR T
B! L A R —_— _, oo =~ K | T K < &3 o
T O T I ® = b o
M G e es wp o B o %ﬁ Dy ATHMH Ty | aﬂ]ﬂm = M_Au Fa ﬂx]ujx
CC xR X L A R o o X° W
s W Az O Wo o o AF A oA 4 BR ooy T i =h
D7 Ho ﬂll% o- B Wﬂmo ok o of Eﬁnﬂi
U 5 oo R o = = X T ®a T AT
K oF New | =¥ Ho Re
o) XK

- 38 -



3. & st 3A AYAARA Y Ad4R s/t T AR

AR FE v a5 AALY 33 AP AHE DT A SR 39
Eg A SotFd A L3k Wo|t), o]l: 7]&9 A
o Jo Axste] Az sht, B AL FPME WE
8 A9 ol Aue) R gt Aol

e 7lEe] A5 oy

37 S
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& ool #hor PAH
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(% 3605 vl AL 59FY MAE Fe Auoz A 3 N
T A g 57 8 BUE VYRS AFE =Rl A% ool Pot &
e e WEs skpel A T AAE 2Petel gAY &
7 -w@7le B4 e vde] 54 245 gael EFE BAT. =9 o)
Edjno 4RE AU A4 AATRFOR vpRst], 4o Agd o
FHH9 e ERd 1874 4D F2 FWold. £FEAL (E 3-4)9 e
W wksh 2ot

Pilot plant




(3 3-4). A5elde] gz vm
T8 Lab Scale pilot plant
f2(m?/d) 0.00936 2.6
42 (m?) 0.00888 2.4
478 2ot (kg/m*d) 0.004~0.034 0.013~0.034
I R

(d)
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Point 1| 0.902 zo A ) FRlo] =3 ?o_ﬂ_‘ﬂ dow, &t
T8 441-1 7HE A
=5 YT Fod Fdo| =3 wltog 1A gon, &
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(a) BOD (b) NH4'N
=N\ ' - | -
s \ LE T e E
(c) TN (d) TP
e -
(e) SS
[ 4-13] 294 FE-Rols dsHESAAI)
(% 4-7) £ 7F Aeld 5948 H 10 d%a8kg/h) ¥w
T = BOD NH; " -N TN TP SS
SAY 1 306.67 0.91 1,180.57 66.39 11.29
QA 2 3,777.81 19.83 10,388.97 1,010.56 345.20
S A 3 3,616.02 83.28 1,492.28 175.90 35,625.73
3 2,566.83 27.01 4,353.94 417.62 11,994.07
[% 4-8] B97F HF ToAE B9 32 5318(kg/hr/ha) Bl
T BOD NH; -N TN TP SS
S AMY 1 3.37 0.01 12.97 0.73 0.12
A 2 41.51 0.22 114.16 11.11 3.79
SAM 3 39.74 0.92 16.40 1.93 391.49
R 28.21 1.29 47.84 4.59 131.80
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(F 4-10) 3+ A

Fo A7 0ARA FaY

4 A A2
20128 = 20139 % 20129 = 20139 =%
BOD 59.2 46.9 46.7 34.4
NH,*-N 7.8 7.6 5.6 5.5
FH 3l
(ton) TN 23.9 19.6 23.4 19.1
TP 2.7 2.1 2.5 1.9
SS 139.1 102.5 129.2 92.5
BOD 16 16 3.5 3.5
ESEeX=: K0} NH;*-N 7.3 7.3 5.1 5.1
Rt TN 9 9 8.5 8.5
(ton) T P 0.7 0.7 0.5 0.5
SS 11.2 11.2 1.3 1.3
BOD 43.3 30.9 43.3 30.9
HAdody | NHy -N 0.5 0.4 0.5 0.4
Hajak TN 14.9 10.6 14.9 10.6
(ton) TP 1.9 1.4 1.9 1.4
SS 127.9 91.3 127.9 91.3
BOD 73.0(27.0) 65.9(34.1) 92.6(7.4) 89.9(10.1)
HAodg | NHy-N 7.0(93.0) 5.1(94.9) 9.6(90.4) 7.1(92.9)
7103 & (%) TN 62.5(37.5) 54.3(45.7) 63.8(36.2) 55.7(44.3)
TP 72.4(27.6) 65.2(34.8) 79.3(20.7) 73.2(26.8)
SS 91.9(8.1) 89.0(11.0) 99.0(1.0) 98.6(1.4)

100%
50% |
os
BoD NH+ ™

BESBH EOEY

SRR BREGY

TR 35

(a) 2012

o%

LB E R
(b) 2013¢

100%
50% [
BOD Neds ™

T 55

(2" 4-17) At LHER Forlod&(H2Ad)
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(a) 20124
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100%
s0%
[ —
P -
BOD NH ™ TP 55

LTS BALETEY NHOEM HGY
(b) 2013

A Farlo & (A F)
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1. 4384 A A5 (Lab Scale)

=

AR AP AFM = (2" 4-19]¢ YERd vhel 22 UASB B9 714
wgzet 5714 AR TAE B 7Y SFATHE ol gk A
AR AP AFeAE UASB 9 ABF Whgx9] A FAIZMS 24zt 3/t z &
o f715 AA 2 da QA AA AIFs BEATh wepx, UASBY W FsH&
< oF 21.6m/d F=ol¥x, ABF W&ZoE sus A 34 mgols 3
NA BA vAES MER e, dFRE WA, ABFe] §E5E Y
ol okl fEHH, vieel FHAEo] ZAg gaw UASB ¥rg-z2 uh
Al A T‘}it‘r HEES A9 54 met A FAFEF dE 0~ 240/& 735}

6}%-& 60m/d= S7kstAl "ot ABFel 7% DO %El—:— 5.0mg/L 785:_% i
ANFeH, e Ao Ayt AR oA 5 gle 20+3T W
ott. olst o] £ An} FukFo] A4 UASB whExoNA #71= AALE
& 64%°l MEAOU, WEE 120%, 180%. 240%% S7H& A% A7 92%

R AEE S7HEL

95%, 96% = FFEAT. RvEFEE 180% oldolAe f71E Al &
F &5 W$o= TN AAZEC] A FEHUH.

ol 18%°lA 82%= FF=EAo™, UASBAA A

ABFAA AAE G &L ekgd oz 95%0]At o

Wtk 22]a ABF %%—’F ‘?}—"\—Oi TP ¥ PO, -Po AAZLEE A oL
e E 4-11)

Bio—filter




(£ 4-11) UASB-ABF 3hr A]2=H

Parameters Raw UASB ABF
Recycle ratio 0 120 180 240 0 120 180 240 0 120 180 240
Total COD
380 368 400 396 140 31 20 17 28 25 16 11
(TCOD)
TN 34 35 39 41 29 13 12 9 28 10 8 8
TP 3.46 | 363 | 3.78 | 421 | 335 | 1.75 | 1.38 | 134 | 3.30 | 1.55 | 1.11 | 1.05
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A 34 F83tH Packeged AMEA 2 Al A 2 9

1A AR % 8

+4d9 Lab Scale2 C

Al el 5’4 2 gt oP—’FZ“‘ﬂFA Aol 12 AR R fFYdEe BATE AFste] AFE-sE
Fom, old mE dF A4 (F 4-12)F 2o,
(X 4-12). Lab Scale %9l AlgH &= A+ A4
Parameters Range Average
pH 7.0~7.8 7.2
CODCr TCODCr 100~490 250
(mg/L) SCODCr 25~90 70
S (mg/L) 120~ 360 250
T-N (mg/L) 22~50 30
NH;s"-N (mg/L) 15~28 22
T-P (mg/L) 1.8~4.0 3
PO,*-P (mg/L) 1.1~3.0 2.8
C/N Ratio

8.3
71 ¢ Lab Scale 43 ﬁjjr*e‘ o2 mdwl 8 sheA g el dxE
pilot plantel FH=& 3¢ A4 E=3 (3 4-13)¢d YeRd vk} 2o}k, 7] A
e F Uk Ao %‘%3}*}1“94 EA% strse fr7lE =7 EAskY H &)
}ol & %Sk

SYTH(C/NH| 7} @A

ol

(% 4-13). pilot plantel L=+ A+ A

Parameters Range Average

pH 7.02~7.91 7.46

CODCr TCODCr 86~123 104.5
(mg/L) SCODCr 26~96 61
(mg/L) 102~130 118

T-N (mg/L) 9.58~37.36 23.47
NH;*-N (mg/L) 13.13~23.69 18.41
T-P (mg/L) 2.16~4.12 3.14
PO -P (mg/L) 0.83~1.35 1.09

C/N Ratio 4.5
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2. Lab Scale°l 93 UASB-ABF st+A2] Al=d"l &4 23

7b. w71 AF

(28 4-20)& 247 w458 1Q. 2Q. 3Q ¥ 3Q Wrol Al/P BH|E 2628
ste At EnlE Hrb, agln 27125 747 sus AR 3G vgols: F3
ste] =5 Z7)ste 243 Trickling filterB & 35 9 #71% AA A%
Uetd Aol §9 stge #Hed TCOD ¥ SCOD+ Z7F 250mg/L,

T0mg/L HelelR oy, 300¢ o] F9 wolEdA= TCOD % SCOD B #tE

Fee UEa e, ole 58 HolgolA 22 A5 ddlew
o=

27] A Az=gle] we dgets e B dFeds Aede 1Q9 W
AMEE AlAstgon, oldl UASBAlAe] TCODE 60%7HA AAEJL YA
40%9 f71&2 ABF ®Fgxo Fd=H] F7ldd g Atste] &) TCOD A1
FE&S ABF W82 U] F7]d o 4stz2 F fr1EAe] 73%7HA AAEA
. wEbA, SCOD9 74 -Fol= UASBOA 14%9] wn|gk =Fo|A o}, ABF ®E
$Z5 AFa Y SCOD AAREL 49%7HA] 3= T}

mekba, HEE 1QAIA 2Q, 3QE XS A% UASBOlA9 TCODE EE
SCOD=E A FAHAT. F, 1QIA 2Q ¥ 3QE €d Z¥ TCOD AAZLE
e 47t 713%, 87% % FFHAM, SCOD2 A$-o& 38%, 64% % FFHATH.

w3 Az 529 wE glo]l f71E AA AsS AYE Ay (a2 4-20])
YR ubke} ol 27] HAkst §&d whEo Hs] UASB whgxoA f71& #|A
7 BorgAd S JdeElITE. £33 ol B HolE Brog HIHI FeFo
Y sk F=TH %W%H FETY TEE Ui =;

o] AAEEL T0% 2 vr5E 2Q0 wd= 313
o F7] AR & Fo|7] 98l 712 E Trickling filter 222 &
T (%

71E AAEEL 80%°lAks A8kt

r>~

(3 4-14) Lab Scaeld 93 UASB-ABF A|2® &4 z4AW¥ 715 W3l A%

3Q+S AR CI e
1Q 2Q 3Q QS8 Dby e
Parameters (Al/P=2.6) (Trickling filter)

T S T S T S T S T S T S
Raw 263 73 253 66 | 263 | 70 261 68 258 | 53 171 36
UASB 106 62 69 41 33 25 30 22 77 33 30 22
ABF 72 37 27 24 15 16 14 10 24 19 21 13
Removal eff.(%) 73 419 89 64 | 94 77 95 85 91 64 88 64
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TCOD Con.imgiL)

SCOD Conc.(mgiL)
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T T T T T
0 100 200 300 400 500 600

Operation Time(day)

(¥ 4-20]) wbE& W8t g SA Hotbe wE fr1E A3t
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G FuE M7, agla 27125 247 sus A 33

2 213} Trickling filterB o2 st 9 A4

9 "y TN % NH,-N, NO;-N& 727 30meg/L,

Aojdem, FHd oA f7E ¥ ofygt TN, NHs' -
TN 25mg/L, NHs -N 20mg/LE YeRAAT}.

Z

22mg/L., Omg/L
T R 2 o

B

] TN AA&ZES UASBA 13%, ABF #&x& 7
13% <<tol HEY AT, o]+ ABF WS ZdAE&E ¢
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ThAl UASB HHez = disg oz UASB WHg-x oA dde &4 wrgow
BEH HFE A2 AA) o] FoAAE AR B 7 Jdu. wekd, A
TN AAE UASBolA #zET

a9 HEHEES 1QYAM 2Q. 3QE F/HEE S AS T
o 2Q9 A% UASBoIA 44%< AAEZES YepdIder, 3Q9 7
UASBIA 75% 744 &=k, 218l oA FRiE o %!
AAE AL ol FofA &= AR Uegth. 1ela 3QRkEd Al/P EHE 2.6

g dto] FULTUFL PHAS AL 7129 3Q &
A g AR HH4(2011) 59 Aol =W 4B 53R oA
of A SHA AL MAR BAE FFL nAE Ao ek o
B OE Aol FaAgel obd RAgg MAL A9d som YEWsE
4449 A Tl B7sn As Bw ol 94 WE 4D of
20171 Aoz werd

Wb, 7 wEE WE 2 $PA A7bE YA Mgel wE AN ase 4
7 1Q 29%, 2Q 57%, 3Q 86%, 3Q+-$HA(Al/P=2.6 &1]) A/} 71%, ¥
NE 69%F Uil o714 Rurgel J1Ee 1Q @ 2Q wE e Ee A

o Hf
bt rlo
O F

%

Azt EES e AL 27] 1Q, 2QE A syl Hx] e A
dETh E=3 old wE 4kt 4AHE9 NO; -N¥:e 77 1Q lme/L, 2
Tmg/L, 3Q 6mg/L, 3Q+<SFA(Al/P=2.6 =98]) H7} 6mg/L, TFut
12mg/LE YEHIAT. 7% & F Aot Aol 1Qe Afole A44d 2
b7t o] FolA A gHe AT b Aok gl e AS a7z
Trickling filter 2122 NS 497t witel F2 5 Z7) vl
A AAEEC] $43 Aoz eyt (2™ 4-21)¢04A 3

At E&olA= 2 AolE YA gou F AL AAZENA #

T
|

(o]
o dt e o

2 g,
o, o
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16

1Q2Q3Q IQ+ ST FH(A/P=2.6) Sup E-TTE S
l Rawwater L’rrls:kllngﬁltem
v AE!F I y
12 4 . Fyw¥
—_ "“:v
AR |
5 101
=1 v - v
] ¥ ¥
2 6
' Ll
g -
y P S
(ﬁg:é
0 A e s s e R
T T T T T
0 100 200 300 400 500 600
Operation Time(day)
(19 4-21) ®bE& W3t 2 A Mot mE A4 Wl AF
(% 4-15) Lab Scaelel 2|3t UASB-ABF A28 $4 Z4A9d 24 W3l A%
3Q+3AR L
1Q 2Q 3Q Q8B | gy T
Parameters (Al/P=2.6) (Trickling filter)
TN NHs | TN | NHs | TN | NHy | TN NH," TN | NH, TN NH4
Raw 31 23 32 21 32 22 33 24 36 22 31 21
UASB 28 21 18 14 8 7 8 7 32 26 27 20
ABF 27 15 18 6 8 1 7 2 29 8 25 7
Removal eff.(%) 13 35 44 71 75 95 79 92 19 64 19 67
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% 1Q. 2Q. 3Q 2 3Q WEol Al/P BH|E 2602

A R @ﬂ, 113431 37125 247 sus AAL &4 wdolE FA
£ 243 Trickling filterd o2 34 F9 =9 AA AsS

d Aoty £ st Hd TP+ 3.0mg/LEHE Yo, TP #1A

© 1Q, 2Q¢8 W& WislolA = Gl Hulstioy, 3QY WHEAlde SXA
HA7F glo]l 40%9 AARES YERATH EgE 3Q wHEol Al/P EH|E 2.6314
gidFnlE SHAE H7IRS "= TPZF 0.2mg/L7HA] B & gldt

T7h AT

9 A7IRE SRl ok UASB Wz Wl el §l Ao A HUhE
HEIL e FukE 2ACdAE UASB w2 oA g dgE2 99
=7F 6.10mg/L7HA 48] S7He As #2E F71 Ay

JQQQBQ 3Q+ESTHIAl/P=2.6) Bt =
- Raw water i rl'rlckl ing filter)
o u;&sa &

TP Conc.(mgiL)
o

T T T T T
0 100 200 300 400 500 600
Operation Time(day)

(28 4-22] W& st 9 SHA Aol mE FA AA AF
U

(£ 4-16) Lab Scaelel 23 UASB-ABF A28l &4 214 A AA A%
+ QIR =t B 8
Parameters 1Q 2Q 3Q ?I-SI/P Z.Ejl) e (Trlcl;riofllter)
Raw 3.26 3.00 3.10 3.03 2.83 2.38
UASB 3.25 2.97 1.78 0.28 6.10 2.33
ABF 3.15 3.23 1.86 0.25 4.31 2.47
Removal eff.(%) 3 0 40 92 0 0
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2}, pH W3 A%
(23 4-23) 42 %EE 1Q, 2Q. 3Q % 3Q W&ol AP BHE 2602

gty At dFulg Hr gy $71FE 247 sus AE Y 3HAAE HtolE =4

ste] =5 Z7)5tE ¥4 Trickling filtergdl 93 pH W3 A%< veld 2

Folt}k., F e HF pHE 7.2019ew, pHHAEZE SHA A7k 23k <l

A7 A EAGA 1Q, 2Qe] Re wEEdE 2 WaE GehiA wgkey,

3Q W 2 3Q Wkl Al/P BHIE 26202 dto] gL FuF

pHE 7.0°13t2 "dojd S g F71 A ol& | =

ol AIPY o] o] dee] shia

How #3529 pH7F Eojd A

8.0

1 2 QLS TAA/P=26) | 2ok 5:'=.'_I§
I .@Q Hawwater e (THCK

Tl o) e gy o A

pH

5.8 T T T T T
0 100 200 300 400 500 600

Operation Time(day)

(28 4-23) ¥t5& W8t 2 SXA H7bo wE pH W A%

(£ 4-17) Lab Scaeldl ©/3 UASB-ABF Alx®] &4 221 pH W3l A%

3Qr S uA CITeS
P t 1 2 3 =) 3
arameters Q Q Q (Al/P=2.6) e (Trickling filter)
Raw 7.42 7.31 7.51 7.17 7.12 7.32
UASB 7.39 7.32 7.10 6.19 7.45 7.55
ABF 7.19 7.13 6.97 6.13 6.69 6.80
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4 SCODE Zt7t 111mg/Lst 73mg/LH4%’40121E}. w}ﬂw, 1Q % 3Qe W&
o W& TCOD AAZEE 77 UASBOIA 20%., ABF ®EEZoA 19%<}
UASBOIA 74%, ABF wr-g-Zo| A 43%°] At}

waka, SCODE 7% 1QelA zzt UASB 16%, ABF 40/019*9_1:4, 3Qd

M= 22 UASB 53%, ABF 43%<9 AAZES YERT. T3 27] 3Q &
&l Mow 10099 AeAe A @, ol AL e ex(
olgh)o] Aok ol o3 LA FA AT, ol BERSEY A5 70

G =7}

15C°1o}°ﬂ M Aaerh dAlso] dut Alxgle] A AA B nds 4
HA3% "olA A ALt Brbesty] WEoltt.

250 —
i11Q| 3Q
* Rafwwa:lter
200 o UASH .
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o
= 150 .
E * " :
G o 0% o » il .
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8 Gbp(po [ e ) s *r 3
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O wy O
O 50 ¥.... % 5
¥ [4R s
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120

» Raw{vla?eit W
o UASB |
001y aBF| | .
e s @ il
se o ™
- & % e *
g B9 e I . .
s Y9 * O o *
= ¥ . 6"1' 8{% . I . '
E 60 1 R t%(b I
o »
8 2 'v' s &
v
0o 40 4 v o " O o
9 02y T ool ce
&) A3 -0
] or % c%g
20 - v 5 i%
¥ < ¥,
7 v é‘ v V"W
0 4
T T T
0 100 200 300

(2% 4-24) W&

Operation Time(day)

400

gl 2 f71&5 AA A% (pilot plant)

(% 4-18) pilot plantel €3 UASB-ABF Al~® &4 244 #4715 W3l A%
1Q 3Q
Parameters
T S T S
Raw 116 83 109 49
UASB 94 70 28 23
ABF 76 42 16 13
Removal eff.(%) 34 49 85 73
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U, A AA A%

(29 4-25]2 247 1Q, 3Q WkE&d wWE pilot plant gl &3
A Ass deEd ZAZolth. a”dA E F Stk Aol dF Hd F4
NHs -N&= Zt7t 27mg/L9 19mg/LH 9ol on, ojo mE 2z RiFEof A
TN AA 2 Aist Jee 247 1Q 4% 24% TN AAL 40%9 ditsea<S
Yehola, 3Qe AFolE 46%< TN AAZET 89%< AiHste&S Yl
oh S olo] wE HAkg &9 NOs-N =& ZtZt 4mg/L, 9mg/L &

(£ 4-19) pilot plantel] 23 UASB-ABF Al248 &4 Z74d AL W3 A%

P 1Q 3Q
arameters TN NH,' TN NH,*
Raw 29 20 28 19
UASB 22 16 17 3
ABF 22 12 15 2
Removal eff.(%) 24 40 46 89
40 —
b 1 | i3
# FRaw !@ua(tze:fr - &
o
] o ousa o,
S . !'h
1l . .
30 - ;l e » * s @
= TR TY Y W ') . " * sr e e
) y b o
o5 C3B 8 & WEW o: 9 "
E v v v *e
[&] wr o} & ] o
5 vy 7 ¥ 0w e
O 20 ity w L e} O
E oo e F, g CHF OO
15 - ey v %3? e R X
¥ o o ‘rg‘" 13"7
v&Y § v ¥
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NH,*-N Conc.{mgiL)

NO,-N Cone.{mg/L)
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. pH W3 A%
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4. Lab Scale®l 23t v - A A A (A =x)

Lab Scale 32k A2l % HHAAYAE (HAAX)E A7l= (2" 4-28] W}
Ebd vle} Zo] Zo] 0.462m, YH] 0.310m, =°] 0.062m= F 3GAZ ¥ o
AAE lom, A= 15°9 AALE Flol 43 WegForo s 5% /AR
= ot T A o= B 1.5ecm 2719 A4S A9 YA

A Lab Scale® #x3t= A 32k Al AHEAY AHeas Fd= 9l
b e Kl AokS e de EE]AQl 33k AJAo] ofy $HAE o] 2 A e
A E 3 FPdt=F it B Aot A7|7F BRI A QL A Apolo] H
S o 2ZA A Aol FUES AY A &€ FPAIAT

(1™ 4-28) Lab Scale 2o (A %)
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3 4-29)2 747} witol Fxlo] o3t 7 Z7] F owjt]ol Fxlof| ot Ak
oA gHel osl AdE ME F£E5 33 AlAA Ao -z FHAA o]
e {75 ¥g AsS #ES Aot AFAL-AAxE fHe FUTFE
oAl AW =d UASB-ABF Alxdld A" AHg42 TCODZF 22mg/L,
SCOD7} 15mg/L¥ fleltt. waka, 7] witol Fxlo o& F3 ZF7]E ol &
RS A AFAd-AAx AHYS fUE TR AFdd-AAx /4 s =
HOx =4 Ueiged, ol 7] B Kot Zxdd Eoldd fr1EH AvE
o] AA YA olyd AvE e oz dAvkdnt, wEha], 28Uzt Azt
o] Aystm Ui AFddd-AAze dFAYA AHYEZES YERU e, olue]
AYEEL 23% =S JERAY
T witol FRe ot AFoddH Mol 32k HE F G-z

SIS Ardde A FF Frl o Fure 80Uzt +dE AA HIE

AFYs7} o] FolHom, o] AARES 24% S HYERUH.

100

: Fokk | SEt (Trickling filter)
ol & # Inf
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=T B0 -
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E
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§ 40- 2
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— 20 - ” PR 5 5 2 .
B a & *
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40

Hpd S8t (Trickling filter)
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i ._.5. =%

25

SCOD Conc.imgiL)
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U T T T T T T T T
0 20 40 60 g0 100 120 140 160 180

Operation Time{day)

(Z¥ 4-29) Lab Scale &AFAF(AAx) #71& W
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(¥ 4-22) Lab scaled] 93 23z F71&5 A A

P | Trickling filter
arameters T S T S
Inf. 23 20 21 13
Vegetative filter 19 13 16 11
Removal eff.(%) 17 35 24 15

-30) mg 747t uitjo} Fxlo 9% 3 Z7] 9 wiol Fxlo| <%
A2l A2 FE 32 AlEQ Adgod-A gz FHAA o]
A Flolth, Ao d-AAxE fFdHE 95 TN,
NH4 -N, NOs-N&  7tz} 15.32~48.86mg/L, 0.387~13mg/L,
7~13.63mg/LA%lelAdtt. kA ¥, AFAd-AAxE FHstz UA= TN
8.94mg/L, NH4s"-N 0.047mg/L, NO3-N 6mg/L7HA] 743t}

60
Ddps St [Trickling filter)
| | & |Inf
il
=
.
= *
o 30 "'.
5 ’ o
® 0 o0
g 5 éﬁﬁ) % . Qo
= 20 » o * "
A L g e
felt Q
¥
0 T T T T

T T T T
0 20 40 60 a0 100 120 140 160 180
Operation Time(day)
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NH,*-N Conc.{mgiL)

NC,-N Cone.fmgiL)
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(£ 4-23) Lab scaled] 93 2]z A4 AA

25E7] Trickling filter
Parameters ™ NH,' TN NH,"
Inf. 28 13 25 7
Vegetative filter 24 5 20 3
Removal eff.(%) 14 62 20 57
otk A AA AE
(2™ 4-31) T3 72t wigol FXleo] 93 % F7] 9 witol Fxo <3t
Aol o3 AHeld AHE¢E 33 Al AFod Az FHAA o]
he As W A%S ded Aol Asadd-A4z2 f49e £494 TPe
0.439~6.3mg/LA%elgler, ogdd FdFE AT AFdF3-HAx2E Tt
2 YME TP 0.496~6.2mg/LEYE UYERNAY. <12 A EA Rl Ao
Q1A 4, ATP, NADP 59 AFAA B4z v& JUie e d3¢ H43eA
o ol 4AE a4 eth webd, Lab Scaled AAzelME 60 o TR
£ 2dd Q Bk A AL BRY 571 1T

f§ ; =TS S gtz (Trickling filter)
5, g s Inf
o Rl pr LR SRR SIPTRE e PN PN AR B 0 L g T
s}
t+
9]
*
F +« B o4
D vl L0
o w8
o *
= o
5 gy O
.®
1 .
e
U T T T T

T T T T
0 20 40 60 80 100 120 140 160 180

Operation Time(day)

(¥ 4-31) Lab Scale Ao (24 x) 2 AA A%
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(3£ 4-24) Lab scale®l 93t 2Aoq 2=z Q1 A A

Parameters L2327 Trickling filter
Inf. 5.15 2.47
Vegetative filter 5.03 2.63
Removal eff.(%) 2 0

2}, pH W3 A%

(28 4-32]2 72 wigol Fol o3t 5 7] 3 myol Fxlo] 2§ A
of FHol ols Aeld AeleE 32k AA Aol d-A Az FHAIA ofd wE
pH ®3t AFS ekl Zeln. dFdd-A3zxz fdHe 5 pHe %
6.24~7.21mg/L9loll e, witjol Fxlo 2§ FFE7= pH W3yt vy
shgont, vitiol Fxe] )@ Aoy Mg pHIL 233 0.68% 459
o},

8.0 | ST _ 28k [Trickling filter)
it EEREREES, | B | e e e e ey e LRy PO S i o e e e e

O; Vegetative fitter |

T o 8o o
ot &
el
%_ 7.0 _t.'ii.i e ¢!
e
- *.

6.0 T T T T
0 20 40 60 G0

T T T T
100 120 140 160 180

Operation Time(day)

A 2=

(28 4-32) Lab Scale A3 (AA4x) pH ¥ A%
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(¥ 4-25) Lab scaled] 293 23z pH W3}

Parameters L2327 Trickling filter
Inf. 7.01 6.80
Vegetative filter 7.10 7.46
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5. pilot plantel] 3 H]-H e AAX A (A =X)

=2
nd® FEe strAaF Ao AAsslen, FAAd 9 20139 599
SoAA BAAEA Fo] o] FolHT. (¥ 4-33)= 3xF A H HHLLAAE
Al pilot plant AX] A¥E 3 & 1/}5}‘44 Zoltt. pilot plant T3 AdA {2
5 1/6.44 ¥&=2 gt AAS Zeolth. pilot plant & A7l& 24z ZHo

3m, YH 2m, o] 0.4m=E HAI4Y FaEFH 27 F 39A= Fo AAHA

At
g

33} g 2 Hd oA A (A AZ) pilot plantE 20129 9€19Y HAZ

_—

Efa7] =Y

SE
r?L
o
i
N

(23 4-33) 33 A 2 v]A ¢
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7F. w718 AE

a9 4-34)

fr
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>
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=
i)

—/

AA 7 A A5 F (2B ZE) pilot plant
A il olt}. (¥ 4-34JollH & 5 gl
4 Ul TCODE < 17mg/Lela, SCODE < 14mg/LR $1ol%
& B2 71 e, ol 549

7= ot 4

718 AA= TCOD ¢F 24%, SCOD 29%<] Al =

Scale?t Hlugls o A e=2 =5 ¢ 55 A2 YEwt. (£ 4-26)9
e vEel Zo] Lab Scale ¥ pilot plant &

o732 7% pilot plant7}F o %43 A& A
G H A AT FHAAE 7T JE HAoE ALRHT

P
rlo

35
® Inf.
° o
30 - O Vegetative filter
o)
= 25
()]
£
g foXe )
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°
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o ° ° °
O 15 - 0
= o 4 o o o °
o)
o e o060
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20

18

16 A

14 -

12

SCOD Conc.(mg/L)

10 A

® Inf.
O Vegetative filter

60 80 100

Operation Time(day)

(23 4-34) 32k A4 2 vjd A
W3} (pilot plant)

A A3 x) /7=

(% 4-26) pilot plantel] ¢& AAAAZ G71E #A|A
Parameters TCOD SCOD
Inf. 17 14
Vegetative filter 13 10
Removal eff.(%) 24 29

Wy
[
o
4>.
OJ
Ot

=

=z
=
= W

NO3s N¥ 2 8mg/L°l%l

T
A%

]_Q 3 } /\]/\4 \:1 u]xq oo:lx%ﬂ

TN+ <k 15mg/Lelgla,
SHAI R, Ao -l xE FHsin

FES el

8mg/L., NH,"-N 1mg/L, NOs N 6mg/L
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TN Conc.(mg/L)

NH,"-N Conc.(mg/L)
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°
16 - < o o °
°
14 4 Q... @ e o ° °
% O e °
12 O T o ° L4
10 -
© o
8 o o o
o
6 - o 0 00 o 0O
o
4 4 @) 0]
2 T T T T T
0 20 40 60 80 100
Operation Time(day)
14
1 i ® Inf.
O  Vegetative filter
10 -
8 -
6 -
4 o o
e o
2 - O ®¢ 00 0 o ° °
© .O LI oo o
0 - ¢ 000 00000 00 000
T T T T T
0 20 40 60 80 100

Operation Time(day)
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16

® |Inf.

14
o O Vegetative filter

10 A (] o o ®

NO,-N Conc.(mg/L)

0 20 40 60 80 100

Operation Time(day)

(28 4-35] 32k A]Ad 9 vl edAe AJAd AFodd Az A&
AA A% (pilot plant)

(3 4-27) pilot plantol] &gt 2Bz A4 A A

Parameters TN NH,"
Inf. 15 2
Vegetative filter 8 1
Removal eff.(%) 47 50
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2=
T

AT

e n WA E

(28 4-36]= 32 A1 2 HFodA-g A A5 d (A X) pilot plant
+9 A% F A AA W AsS vEd Aot (2" 4-36)4 &
dol £ Ul TPE o 2.50me/Lolln, B5aR-Hyxs
TPE 1.78mg/L %% YeElAth

3.5
8 ® Inf.
1ol 5. O  Vegetative filter
o)
o ®
° °
(@]
gr o.‘ ©
8 2.0 0
S o) oo ©
o
o ) o O
15 o 0
0O
®o ©
1.0 1 o
05 T T T T T
0 20 40 60 80 100

Operation Time(day)

(28 4-36] 32 AJA 2 v edA e A &

7% (pilot plant)

(3 4-28) pilot plantel] &3 AAAqFz A A A

ToZ(AAx) A AA

Parameters TP
Inf. 2.50
Vegetative filter 1.78
Removal eff.(%) 29
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Ar fo ac)
;c‘,o-w,_\
H o
i
ofy .
ok

3_1:
¥
o

8.2

8.0 ® Inf.

O Vegetative filter
7.8 1
7.6 1
7.4 1

7.2

pH

el
70 4 o go °
6.8 by
6.6 -
6.4 -

6.2 - °

60 T T T T T
0 20 40 60 80 100

Operation Time(day)

(2® 4-37) 32 Al Bl H X AlAd S (AA8=x) pH
W3} (pilot plant)

(3 4-29) pilot plantol] <& 2z pH W3}

Parameters pH
Inf. 6.65
Vegetative filter 7.10
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(2% 4-38) Azt Aol mE 33 Al 2 HH A A AlA AFodd(Agx) Wt
77 (pilot plant)
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6. Lab % pilot plant HZ%
(¥ 4-30) UASB-ABF Al2®=l Hglg& ZXE(Lab ¥ pilot plant)

Lab Scale pilot plant
1Q 3Q 1Q 3Q
Influe Influe Influe Influe

UASB | ABF eff. UASB | ABF eff. UASB | ABF eff. UASB | ABF eff.

nt nt nt nt
TCOD 263 106 72 73 263 33 15 94 116 94 76 34 109 28 16 85
SCOD 73 62 37 49 70 25 16 77 83 70 42 49 49 23 13 73
TN 31 28 27 13 32 8 8 75 29 22 22 24 28 17 15 46

TP 3.26 3.25 3.15 3 3.10 1.78 1.86 40 2.83 2.67 2.50 12 2.49 2.60 2.70 -

(£ 4-31) HAAFZ H2&& HZE(Lab 2 pilot plant)

Lab Scale pilot plant
Influent Vegetative filter eff. Influent Vegetative filter eff.
TCOD 21 16 24 17 13 24
SCOD 13 11 15 14 10 29
TN 25 20 20 15 8 47
TP 2.47 2.63 - 2.50 1.78 29

-30)elA & & ‘}U‘r Ao UASB—ABF 3= 2] A]*E“E’J d-7ol= Lab Scale°| pilot plantel H8] 22 XA ¢
o o = K-S I S % Eol/Z H|7} 4ol do g AA
o] glo}, pilot plantS’J 73 A A S =0l7] Hdl ®ol/F HE 2.3 g Bto 2 UASB B99 W&z &
ol JERIA] ¢kolA ol2jd AnE xgd Aew dddy. wels, Lab ¥ ‘Z‘i% 9L BAll 38 loiA UASB-ABF
Al E =9|
o

]

o

_ﬁ

mir

Erﬂi
1‘

2<El o] A7 o 7} ?ﬁoﬁs} 7] %9l 1/Z ¥7} 4.0013t2 9% UASB-ABF Alz®le] Bzl Aelg&
& 4 gtk (EF 4-31)9] A5 lant7} Lab scalecll ®la] $-3 Aoz Uelged, ol 429 271+ 34
= 244 *“ﬁZA A7]e i A& Lo &3 oz ATHT(F, pilot plante] A EHAFo] F).

k)
—
j——
@)
+
k]
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== agtx
¥z 4 <A
T o g4 g L | ¥REEZ | Jtaaw 71t
%71 Hx ojFHZ
) 7]
H £ (%) 40.1 21.3 6.4 3.6 2.3 1.4 23.9

AT A AT BFF T T7(08.10)

(£ 4-32])° Yepd uhel o] st e|Ade 7171 HA=EAS:
717y 7V B2 HlEes AR ST g AR S 2w s
HAFE-E 0.29kwh/m32 AA =3 9]

wehA, B A E steA el 01’\1 A7IM&Fs Had
gk ticte = V&Y #3537 WA HE de] fFHe AXTolA Bl
A= Trickling filterE =Yt AL&sidnt. (F 4-33)= 71€9 +
¥ Trickling filterE ol&3dt] stxled A34E Feste] Jed
AT A B F Utk Aol ZF & e AAEZES Z Aol & YA &ttt
(% 4-33). &% Z7] ¥ Trickling filter B2

Lab Scale
SEEI7|(R8E) Trickling filter(F8H&)

Influent | UASB ABF eff. Influent | UASB ABF eff.

TCOD 258 77 24 91 171 30 21 88

SCOD 53 33 19 64 36 22 13 64

TN 36 32 29 19 31 27 25 19
o] 2 H¥], Trickling filter® & &3t ¥ UASB-ABF Al2®le] H$ A2t E
gt SEoAT = HA steAge AEEE dEHY 40.1%E ddd ez 1t
3 5 9% B oy, (27 4-39)0] Ve uhsh o] 9d 95 FF I
=9 g gEw glow Au Aage gyHosn $9o] shsetel v LS

N j= fs
40.1%°10 2 54 g Add

o

zo
o,
|E

)

(2™ 4-39]) pilot plant ¥8 &% 7]7]
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A5- ottt eta WA

o|itslebs WA 42 pilot plantZt obd Lab Scale TFRoIA 43
ol A% pilot plant A7+ AF FE Axsitt By Wiy 449 Fgg &S24
3 g = SF o] EVlssiith. wekA, oj4bsteta AR ALk fs) 2 A
TFoAE UASB-ABF wWr&xe UASB wWg=% HRTE 7zt 72(case 1)
25(case M), 3hr(case M)oZ FREFA f71E FA A4S FIsAT(E

4-34).

600
o ® Inf.
500 - ® . O UASB
° v ABF
~ 400 . ° ..0
3 °
€ 30 * *
g 0 g0 © °
°
8 200 - ®
o
1)
T 4004
Ooo o o0 oova> o o° o 0 00
0 LAL AZ 4 W oy vy v V9 v Vv
0 10 2 % 40
Operation time(day)
(¥ 4-40) case I TCOD #HA
(3 4-34). case I TCOD, SS, Turbidity A|A
TCOD (mg/L) SS (mg/L) Turbidity (NTU)
Items
Inf. UASB Inf. UASB Inf. UASB
Concentration 358 66 238 26 144 39
Removal Eff. (%) 82 89 73
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TCOD Conc.(mg/L)

TCOD Conc.(mg/L)

600

500

400 -

300 -

200 -

100 -

® Inf.
O UASB
v ABF

°
) e © Y
° ° °
°
L4 °
o ®
.
00% ©00p0 4 o
v oo 0 00
vvY VYV yvy v v vv'e
T T T T
20 40 60 80

Operation time(day)

(™ 4-41) case II TCOD #IA

600

500 -

400 -

300 A

200 A

100 -

Inf.
UASB
ABF

40 60 80

Operation time(day)

(28 4-42) case Il TCOD A|A

_99_
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(¥ 4-35). UASBAIA TCOD, SS, Turbidity A7 (case I ,case I ¥ x)

TCOD (mg/L) SS (mg/L) Turbidity (NTU)
Items A A A
Inf. UBS % Inf. UBS % Inf. UBS %

case II 254 47 81 370 34 90 120 25.5 79

case I 376 110 71 238 26 89 120 19.2 84

(F 4-36). %3 HRT A4 €71% A A(UASB)

ST (Gl TCOD (mg/L) SCOD (mg/L)

UASB/ABF Inf USB ABF Inf USB ABF
case I 72/3 358 66 22 - - -
casell | 25/2.4 | 254 AT 30 65 38 21
casell | 3/3 376 110 33 87 81 29

casel, casell, caselIAEZHA=ZHFE UASB WA TCODH Wig &
g RS THE 4-36). UASB #He2=2 f 2 #&F® TCODYS =
UASB ol SZFHAAY 2dlE TCODYS AlLtstadtt. UASB el 5449
71E T UASB €839 Hds=s ¥ F A3 F9s
AEs L, E8A #Hold o8 AA" fUIEAGE SR ME Fod #H7]g
£HA9] TCOD =5 Hotod 2EstAY. casel 9 % UASBOA AAH
TCOD %<2 &< TCOD WY <&F 82% FTolRem, case I ¥ case MY 7
Folle 71% FEelAT. ol ¢t 83l A 7 cased WE fF71E F4& Xﬂe/\]ﬂ
o] FolA4E Woldom I A= (F 4-37) AAIg vlel 2. HRTZF 7
ARte = 7H 0 case 19 7% ]§ Oﬂ 9]?'?} &3-o|3t 283 o & 01
Aow Ygyon,
1. ]U] o o2 UASB ®HS
Ak, skA R HRT7} 3AIZRe QFE = case M9 73
UASB ®¥&zd 4% TCOD7} °F 69.8%%

e e
4 ol
%0,
£
t
rob
s,
N,
it o
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(

MU o T
AL
o o3

A% e A BHEA
((Yobs=0.52 7)) wlma w, o 70%¢°] o dalets w4
o 3T, BN, IUHED BIF 2050 B A

HE7tAR

9/] 18E HA

i=a P
Case IM¢

%4

(3 4-37). UASB-ABF system® COD F#]
Ratio of
Wast te slud
Input” OutputZ) Removed® as i) Was.e SHAse
Items (2/1-d) (a/1-d) (/1) sludge to influent
& : & (g/L-d) TCOD
(%)
UASB
0.120 0.022 0.098 0 0
(case 1)
UASB
0.244 0.045 0.199 0.003 1.2
(case 1)
UASB
3.009 0.880 2.129 2.100 69.8
(case IM)
1) Input(g/L-d)= 1/HRT(hr) x TCOD(inf) (mg/L) x 24(h/d) x 10-3
2) Output(g/L-d) = 1/HRT(hr) x TCODC(effl) (mg/L) x 24(h/d) x 10-3
3) Removed(g/L-d) = Input - Output
4) Waste sludge(g/L-d) = concentration(mg/L) x accumulation volume(mL) x 10-3 /day
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A6d F7HAL 25

B AT E duA Az 9 oldstes BAF 5 ¢ ohg o] vz
E f7Ad e 35 2 Aol g dis] o AFE e

{

o]
AA
2~
I

vl A FAIZte] Aol UASB ¥Hg-% WelA H71& i+ 3
AlZke]l UASB-ABFS] 2§ UASB W f71E 3|47 & o]Fojx old m&
UASB ®FgZ W] E8A]of gt oA 9 A7 43 7tsAd e H2EsSH.
(£ 4-38]& 3A1ZF UASB-ABF Al2®loA 2 H &ejx|o i Az o
o WE o274 W LAFE 628.12mL CHy/g VSoIAT}.

(28 4-43)= A 3A17F UASB-ABF Al2d"HoA] 3 ¢HE SHAE 88§
2 10Le d714 wkgzo] FY9ste AFAIZ 20dayz A& A4S A= A3
olt}, 1 Ay 4 &

Al WEEYFLS 120mL CHa/g VS o= o] 24 waTA
ol 19%, 71&3st& T3 19% 2 d 59t}

w254 (3292 539 %) o2
oy oN | e g
C A o - o (ml CH./g VS)
UASB(Sludge) | 31.35 4.97 15.84 4.14 0.84 7.57 628.12
— e CH4 & CO2
140
120
& 100
-
o B0 -
=
g. 60
=
g 0
@ 20 -
0 :
0 10 40 50

20 . 30
Cperation time(day)

(29 4-43] A wd T

- 102 -




1. & st 5474 C/Nu7F w2 A4 <4

B AFdM e & 3t 5474 C/NHJZE B BAAE st o|9 7
UASB Egle] Whe7|2 o] &3to 24 UASB sidtel thEFe] 71848 22 A A
Ez24 EAA O/NB7E e EAARS sdstdtt. weta, EAEFEE ALS
& Lab Scale® v&A9 st 545 2 w4 pilot plant +FZ2#4E vl
& W ZolE YEMA] Zstth wEbA, FEAY st 5 C/NHZE goba A
sl ZEo] "olAle AE WAEY] H3 s T EuLds A Fed,
& UASB-ABF Al2®l& ARESHAlA = F7H4 <] o Faad Fgo] glo] S+ 4
1 Aitst 282 FAI7F 7hsdtth. webA, Ald &G dig KRB E B
< ¥ &5 Azhe] 7hesttt

2. AT T A W Ao A HE Qe g W
(19 4-44)% 8% A& 2.6m°/d, 2.4m?9 A= (Zo] 3m, YH]

om, %] 0.4m)el B A4 715 Dolrs] la) 1EY LAY ATE wPow
AR H ARG ok, 1 A AAciHze] A Fre o 90UR UEto
B, ol2RH HHAY ANAEL fANY] AANE 0L BAA AN G &

Fojok st ojuf Az Yol AEEE A AAsIL upA
Aozl &S SUAACE st wetA], TFES A ES 47 6-olA AAIE
A 9} A FEF4L23(Co-digestion)E FITC=ZH F7IAY = U= 7}

g Ao AlgHH

(10

35

o] * It
o Vegetative filter
3.0+

003"'

25+

2.0+

TP Conc.[mg/L)

1.5+

1.0 4

0.5

Cperation Time(day)

(2% 4-44) AAAFHZ 2 A
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A8A TH7] AFLA pilot plant &%

B AT9] pilot plant +YL 2AEEREH EAH oz 25/ =, 4
Al pilot plant #7d 7Fe2 842HH Algsitt By UASB-ABF Al=wl9] <t

At A=A R WA BA/E W F4F L= A%E A8 UASB-ABF
ARl AL sbge]l BbsEl HAn. o2 B4/ A%eA pilot
plant ¢ Wg @F FE/ BHSSEON, 2 o5 20134 39%E o
A BAAoR Al Ay wEES 3QR Hoh e dgE FEatar.

(£ 4-39]= 20134d 109, 1149 AHF9 Hd71es Felste] verd 3ot
(£ 4-39)14 BBY 5 9t Aol 108159 o F¥E HF7 Lol 15Tk
UERIQITH o2 RE B ATddE 104159 olFE £ A9 AT uad F
47 A5 EA AREEA WAL 4FE PEND

rE o

O

)

ot

(3 4-39). A+ 10¥, 11¢ 7|=¥3} (C]
x| Bl | R | BTl | 9 | Bele | @R | BaTle
10401 22.2 10413¢ 16.6 10425¢ 9.9 11406 11.6
10402¢ 20.2 10414¢ 18.3 10426¢ 9.9 114074 12.5
10403¢Y 16.4 10415¢ 13.9 104274 10.7 11408 9.4
10404 17.1 10€16¢ 11.3 10428<¢ 10.5 11409 11.9
10€05¢ 19.5 10817 11.5 10€29¢ 12.1 11410 7.8
10406 21.3 10€18¢ 13.7 10430 12.1 11411 4.7
10407 23.8 10€19¢ 14.9 10431 11.9 11412 4.6
10408Y 20.3 10420 16.4 11401 15.0 11413 4.6
10209 21.5 10421 15.5 11402 13.1 11414« 5.6
10410¢ 20.7 10422¢ 15.9 11403 11.9 11415¢ 8.7
10411 18.7 10423 16.2 11404 12.3 11416 6.9
10412¢ 16.2 10424 14.1 11405¢ 10.8 114174 6.5

(¥H 4-45)~(219 4-48)< ZZF 10€11Y, 10¥€16%, 10925¢, 10¥

30¢, 11€05Y, 11€08Y, 11€912¢ 2 11€15¥d aigdstes 712 2 o]d|
2 TCOD, SCOD, TN, NH4"-N, TPe AAAES vebd Holt} oAz
EF o Aol 7159 Afde & AolE UEWA Fkeud, TN AAZEELS
T4 243 Aoz yebgtt. A7 ABF W% WolAe NH, -N9 A4ksta
o= & Aol & YERNA] Zsdth. 1 9] Y] Bo g Az A 9 AA F
Ho| st BAoR e Eo] UASB wWhexd d&EA o2 PAC 11%E AIPT/P
EH 1112 T35t < AAE FYeAct. 2 A UHRS T Q9 TrEe
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2mg/LelstEs A& FAsHAH. EE A A7k o3 &A

o)A oy

TCOD Concentration (mg/fL)

SCOD Concentration (mg/fL)

120

2

80

40

20

80
70

a0
40
30
20
10

skt

——Inf —B—UASE —&— ABF ——&HHIIT ——2C

E S

W\”’A\
Yo o
A A

0 2 4 : 6 8
Operation time

(29 4-45) $47] 7]1& W3lo] wrE TCOD #|A

—e—Inf —S—UASE —&—ABF —x—AMOIIT —%20C

Operation time

(29 4-46) $47] 7] Hgto] w2 SCOD A A
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20

15

10

20

15

10

A

Temp.(“c)

Temp.(“c)

@)

T

=l



TH Concentration (mg/L)

MH4*-NConcentration {mg/L)

25

20

15

10

25

20

15

10

——Inf —8—UASE ——ABF —«4E0IIE ——2L

W* -

NS |

0 2 4 B 8 10
Operation time

(29 4-47) 547] 7] Wstel] W& TN AA

—e—Inf —S5—UASE —&—ABF ——AMOIIT —%2C

'\)K/w B

A— k&4 —&——x— %

0 2 4| = B 8 10
Operation time

(28 4-48) 4 7] 7]1& ®W3}o] wrE NH, -N A A
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15

20

15



TP Concentration {mg/L)
=
n

——Inf B2—UASE —&—ARBF —— LIS G20

20
)K P

,M \\_‘ IS
- 10
x_,..-—-—)‘f"_'-._ i
T T T T 'D

0 P, 4 B 8 10

Operation time

(28 4-48] &47] 712 Wgo] W& TP AA
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B2 AL (E 7], Hu$7], o, BEAD)

[# 5-1]. Hopy] D7HbE

AELA A | =7 | AHmE] | GH|
1. Ejo}7]: EAKQIZ20%+7]4180%)(m”] 3.636 | 3.046 287 303
1.1 12(20%)
* (BEFA p-91) 3-1 28 JI¥EIY] Fx
L1=0.20¢!
HEQI8: L1X66,622%0.2=0.2X66,622x0.2=2,664.8 | 2,665 | 2,665

1.2 7171(80%)

ZA7)(23HH =)(0.7m®)

q=0.7 f=1/1.25=0.8 k=0.9

E=0.55 Cm=20sec(135")
Q=3,600-q-k"f-E/C,=3,600%0.7%0.9%0.8%X0.55/20
=49.9m3/hr

= 5H]|: 23,805+49.9%0.8=381.6

AEH]: 17,902+49.9%X0.8=287

74 H]: 18,961+49.9%0.8=303.9

A A =972.5 973 382 287 304

3. ZAW/m’)
=] 2,664.8+381.6=3,046
A zH]: 287
7 8]: 303
A _: 3.636 3.636 | 3.046 287 303
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[® 5-2]. HH&7] @7HHE

™

e 7

A

2]

IR

22 71(714180%+912120%)[m”]

1. 7171(80%): ZA17](F-3H&=)(0.7m®)

q=0.7 f=1 k=1.1

E=0.65 Cm=16sec(45)
Q=3,600-q-k-F-E/Cry=3,600%0.7%1.1X1X0.65/16
-112.61m3/hr

L SDH]: 23,805+112.61%0.8=169.1

A=Y 17,902+112.61%0.8=127.1

73 H]: 18,961+112.61%0.8=134.7

A2 A =430.9

2. O H0(80ke)

a=0.28%0.33=0.0924 N=36,000
H=0.15 f=1 E=0.5 P=57
Q=a'N-H-f-E/P=0.0924%36,000%0.15%1x0.5/57
=4.38m3/hr

L OH]: 14,625+4.38%0.8=2,671.2

AEH]: 1,124+4.38%X0.8=205.2

74 H]: 412+4.38%X0.8=75.2

A A =2,951.6

3. A1A(20%)
B35 66,622%0.191%0.2=1,332.4

lr_—t,'—lﬂ] 169.1+2,671.2+1,332.4=4,172
A&Ev]: 127.1+205.2=332
73 H]|: 134.7+75.2=209

A 4,713

4,713

431

2,952

1,332

4,713

4,172

169

2,671

1,332

4,172

332

127

205

332

135

75

209
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3. [# 5-3]. RIEAY ©I7MIE

AFE A

s

A

2]

IR

AFE A2 (E = 15Ton)[m3]

p Y
* ARALER

L1=bkm L2=5km V1=35km/hr V2=35km/hr

T=15Ton rt=1.7Ton/m® L10=1.25 k=0.9
q0=0.7 q=T/rtxL0=15/1.7x1.25=11.03
£=0.8 E=0.9
n=q/(q0xk)=11.03/(0.7%0.9)=17.51

Cms=16 Es=0.7
t1=Cmsn/(60-Es)=16x17.51/(60%0.7)=6.67
t2=(L1/V1+L2/V2)x60=(5/35+5/35)x60=17.14
t3=0.8 t4=0.42  t5=0.5
Cm=60-q-f-E/Cm=60%11.03%0.8%0.9/25.53
=18.66m%/hr

94 20,034+18.66=1,073.6

A 2] 27,755+18.66=1,487.4

7 H]: 14,712+18.66=788.4

2 A 3,349.4

2. A
LoH]: 1,073
A=H]: 1,487
74 H]: 788
Al 3,348

3,343

3,349

3,348

1,073

1,074

1,073

1,487

1,487

1,487

788

788
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A

2]

IR

2. 53(21210%+7] 7190%)

o CICLEERY)

BEolH 66,622%0.691%0.1=3,997.3

Lh Z1ARA: ZAH7) (28 2)(0.7m?)

q=0.7 f=1.0 k=0.7 E=0.45 Cm=20sec{135}

0=3,600-g'kf-E/Cm=3,600%0.7%X0.7X1x0.45/20
=39.69m®/hr

L 24]: 23,805+39.69%0.9=539.7

A&E8]: 17,902+39.69%0.9=405.9

74 H]: 18,961+39.69%0.9=429.9

A A =1,375.5

o AA

L84 3,997.3+539.7=4,537

A &EH]: 405.9

74 H]: 429.9

A Al: 5,372.8

3. O o] EEHE|(1.5Ton)

V=1.0km/hr W=0.45m D=0.10m

E=0.6 t=1.0 N=33]

Q=1000XVXWXDXEXf/N=1,000X1X0.45%0.1X0.6X1/3
=9m3/hr

r2H]|: 14,625+9=1,625

A =H]: 1,753+9=600

74 H]: 593+9=66.4

A A =1,886.1

4. A
= 5H]|: 4537+1,625=6,162
A &E8]: 405.9+194.7=600
7 H]: 429.9+66.4=496
A2 A: ='7,258
ZIEEPI(E S, IH(m’] GAHMER
L SH]: 7,593
A= H]: 883
74 H]: 2,363
A A 18,097

18,09

3,997

1,376

5,373

1,886

7,258

7,258

7,593

3,997

540

4,537

1,625

6,162

6,162

883

406

406

195

600

600

430

430

66

496

496
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[E 5-5]. 45m*/day 2] &9

L

sharle) AlAE] 47

HA AHEA "] 1l
1. MBR 34 (AX|st= £)
O_RAR LXWxH=5.0%2.7%3.5 47.25m?®
DA AR LXWxH=2.1%1.0%3.5 7.35m3
7| x LXWxH=1.7x1.0%3.5 5.95m3
MBS LXWxH=4.05%2.0%3.5 28.35m°
Sk LXWxH=1.0x1.5%3.5 5.25m?
NS LXWxH=1.1x1.5%3.5 5.78m?®
PII=Ea LXWxH=1.45%1.5%3.5 7.61m?
107.54m°
23aed M CHRIAR+DAMNAZT+HAT|Z+T 7| F+27]
N
+S YA X GRS RS R =
(5.0%2.7+5.0%3.5%2+1.7%x3.5+2.7+x3.5)+
(2.1%1.0+2.1%3.5%2)+(1.7%1.0+1.7%3.5%2)+
(4.05%2.0+4.05%3.5%2+1.0%3.5+0.5%3.5)+
(3.55%1.5+3.55%3.5%2+1.5%3.5)= 171.43m?
AW E (232 EWH)X1.5kg/m?+40kg/ E = 7Z
23 (Z23.2] E®)X0.02m=2= 1.72m?
a4 7.13ton
2.UASB-ABF (X}X|5t= X))
UASB LXWXH=2.24X2.24%9 45.16m?°
ABF LXWxH=1.12x1.12x5 6.27m3
51.43m?°
Z32EH AL UASB+ABF=
(2.24%2.24+2 24%9%2+2 245 5+1.12%9+1.1
2%4)+(1.12%1.12+1.12%5%2+1.12%1.5)
= 84.51m?
AT E (232 EW)x1.5kg/m?+40kg/ & = AX
23 (23.2] E®)X0.02m=2= 0.85m®
A2 3.42ton
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[E 5-6]. MBRZY EZA|AZAL AA

25 RES e | a9 | e Ll S vl iz
L I T I = T = S - I T 79
Eup) W5 ©0.7+912] A | 10754 | m? 287 30,864 3,046 327,567 | 303 | 32.585 | 3,636 391,015
e 40kg 7 = 3.410 23,870 3.410 23,870
oo R AT 172 | m | 21000 36,120 21,000 36,120
PE @2 77| B[E10.02mm 27 30.73 | m’ 331 10,172 5,359 164,682 5,690 174,854
9=z E 14071 | _m’ | 6,568 924,183 | 12,834 | 1,805,872 19,402 | 2,730,055
AEIE oA 5 17143 | mw’ 308 52,800 10,286 | 1,763,329 10,594 1,816,129
AERS 5[, MM 30.73 | m’ | 30198 | 927,985 6,631 203,771 36,829 1,131,755
L 20MM. B} 3073 | m’ | 4386 134,782 2,716 83,463 7,102 218,244
CERT HFE24MM 30.73 | m’ 265 8,143 8,853 272,053 9,118 280,196
us 29 S 18MM 14071 | 383 53,892 12,780 | 1.798.274 13,163 1,852,166
EECECERD 17143 | m’ 155 26,572 5,186 889,036 5,341 915,608
TgEg H[S15MM 3073 | mw’ 237 7,283 7,902 242,828 8,139 250,111
NEAIHIE 0.5MM 17143 | _m’ | 5956 | 1021,037 | 5622 963,779 11,578 1,984,817
AT E 35] 17143 | mw’ 907 155,487 5,341 915,608 6.248 1,071,095
Fixed bar screen 30mm STS304 | 1 set | 300000 | 300000 | 33,735 33,735 | 3,373 | 3,373 | 337.108 337,108
Fixed bar screen 10mm STS304 |1 set_| 400,000 | 400,000 | 50,602 40,602 | 5060 | 5060 | 455,662 455,662
1. MBR 2% pump P0AX0-21m3/min>6m 2 set | 600,000 | 1200000 | 116128 | 232256 | 3483 | 6966 | 719,611 | 1,439,222
: HX0.75kw
AL AR 50A 2 set_| 200000 | 400,000 200,000 400,000
- 40AX0.26m*/minx16m
291 pump 0 b 2 set | 5800000 | 11600000 | 116,128 | 232,256 | 3483 | 6,966 | 5919611 | 11,839,222
80AX42m*/minx4000m
blower o 2 set | 1625000 | 3250,000 | 247,015 | 494,030 | 7410 | 14820 | 1,879,425 | 3,758,850
50A%0.2m°/minX7mHx
U39S pump 2 set | 600000 | 1,200,000 600,000 | 1,200,000
0.75kw
50A%0.16m°/minX10m
45 pump 2 set | 600,000 | 1200000 | 15753 | 315072 | 4726 | 9452 | 762262 | 1524,504
HX0.75kw
e HD10,13,16,19,22 715 | & | 711,000 | 5069430 711,000 | 5,069,430
% mixer L5kw x 0.3m/sec | @A 1 set_| 5200000 | 5200000 | 116,128 | 116,128 | 3483 | 3483 | 5319,611 | 5319611
5% mixer 0.75kw x 0.3m/sec | sfatd | 2 set_ | 4.000,000 | 8000000 | 116,128 | 232,056 | 3483 | 6,966 | 4,119,611 | 8,239,222
Sieve Screen 0.75mmx12m/hr | STS304 | 1 set | 5,000,000 | 5000,000 | 759,043 | 759,043 | 75904 | 75904 | 5834,947 | _5834,047
NaOCI Tank 2001 PE 1 set | 195000 | 195,000 195,000 195,000
Chain_hoist 0.49 ton 1 set | 1,450,000 | 1,450,000 | 826,514 | 826,514 | 82,651 | 82,651 | 2,359,165 | 2,359,165
Diffuser Disk jet 13| set | 12,000 156,000 12,000 156,000
Chlorinator 100A x 1,000H PVC 1 set | 250,000 | 250,000 250,000 250,000
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Moter 0.75kw 1 set 248,000 248,000 248,000 248,000
Moter 1.5kw 1 set 312,000 312,000 312,000 312,000
o] 2 25-240-15 149.5 m® 58,050 8,678,475 58,050 8,678,475
o] 2 25-180-8 8.0 m® 49,350 394,800 49,350 394,800
, HD-SU 34,280,00 34,280,00
Membrane 0.4um x 96m /Frame 2 set 68,560,000 68,560,000
R234W 0 0
3 7 139,447,273
[E 5-7]. UASB-ABF A|AH] EZA|MHFAL AX
z A =H RA=RE] 4 37
3% 77 MY | x| wgy . L 84 A
Ea) = e 2 | or [ 29 B} =
E{o}7] WS Q0.7+912] EAL 51.43 m® 287 14,760 3,046 156,656 303 15,583 3,636 186,999
AT E 40kg 4 i 3,410 13,640 3,410 13,640
oaf AFA AL 0.75 m?® 21,000 15,750 21,000 15,750
PE ZE 747] v}10.02mm*273 6.27 m® 331 2,075 5,359 33,601 5,690 35,676
S=2= k] 78.24 m? 6,568 513,880 12,834 1,004,132 19,402 1,518,012
A|HIEORT] ¥F2 84.51 m? 308 26,029 10,286 869,270 10,594 895,299
Al E"} 4 vtk 3MM 6.27 m? 30,198 189,341 6,631 41,576 36,829 230,918
Uk gog 20MM, B}t 6.27 m? 4,386 27,500 2,716 17,029 7,102 44,530
Hs ZE v}e24MM 6.27 m? 265 1,662 8,853 55,508 9,118 57,170
2 UASB 235 59 2 18MM 78.24 m? 383 29,966 12,780 999,907 13,163 1,029,873
ABF 23 EHXY 84.51 m? 155 13,099 5,186 438,269 5,341 451,368
=Sy vt 15MM 6.27 m? 237 1,486 7,902 49,546 8,139 51,032
O ZA|H O E 0.3MM 84.51 m? 5,956 503,342 5,622 475,115 11,578 978,457
2 QNE 33] 84.51 m? 907 76,651 5,341 451,368 6,248 528,018
50A%0.21m*/minx8
A4~ pump Hx0. 75k 2 set 600,000 1,200,000 116,128 232,256 3,483 6,966 719,611 1,439,222
m .75kw
80AX42m°/min*x400
blower 0 2 set 1,625,000 3,250,000 247,015 494,030 7,410 14,820 1,879,425 3,758,850
mmaq
50AX0.2m3/minX7m
WH2eks pump HX0. 75k 2 set 600,000 1,200,000 600,000 1,200,000
. w
A HD10,13,16,19,22 3.42 = 711,000 2,431,620 711,000 2,431,620
a7 14,866,434
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E AT tdFdd To8% A A-oA FgAI9 AAl F 335 AA
oAEA HeEA 2 UASB-ABF Al 2HS o] &3 54 S92

=2

ﬁ_{OO\:o

O gEUcly Aael A TE FuAE A HPedArey vk ge
Sl o 2 o uehgth duuely A aFs 24ss] a4

o AP < BODA Hu S FEFIES 2013d=x0l
3,077.00kg/hr/haZ4 718 =4 Jebsion, NH, -Ne #Hiu @9 FEFot=
< 2013d%x9 19.83 kg/hr/haZA 71 =4 JvEtgen, TNZ TP 9 SSE
2013d =0 Edpa 10,388.97 kg/hr/ha, 1,010.56kg/hr/ha,
345.20kg/hr/ha, 2 7} =4 vebth

O BT AUY AHS fY-LAtE TeZAN S35 TP A 2]
e ARETG oG ool uHT 2 Aoz Vet F9E7d e9EA )
Zgo] Jridon 2 S99 T-PE A&4ow Aeldvhd vdeddd edra
% At Aol @ Aol

0 Zel7E A A §9 WAL 091wz N Ado fdsE

3

A F FERIIFS 20129 %9 BOD 528, NH4*-N 58, TN 22&, TP
£, 88 62E°]Y 2013d% BOD 38%, NH;/-N 5&, TN 18&, TP 2E,
S 4482 & Vel

O Lab Scale &9 93 f71& #A+= UASBolA TCODE 60% Al A=A
3 YWA 40%9 F718S ABF WhSxd f9Eo] Zr|d o3k Atzto] o4
TCOD A|A, ABF w¥tex o] Z7]o] ot stz F f7|Edo] 72%7HA A
A=A, wehA, SCODe Z$olE UASBoA 14%<9] ulu|dt F=Foldor}
ABF HP°Z§ Axx YA SCOD AAZLEL 7% 7HA e ATt die] 2
3Q WhEolAl ¢F 73%9] AARES YERH M, FRl9 A% 3Q WrEel Al/P
Y 2,602 AL FulE SHAE HUbste] HFE TPEEE 0.2mg/Lels7tA
w$E F7F AT

O pilot plant A% #71& AAE 3Q WHolA UASBAA T0%AAH =
UASBelA vlA A=A F3 f715 75%7F ABF w0l A A=A 2 A= A
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Ao AFode 3QAA 48% AARES UEIALH, Qo] A Sol= S-A F
o 3ak AlAEQd ’%‘?04*&(’—‘4‘331)% FHstn A 2.0mg/LelstE "Hoj AT},
&S Trickling filter W&oz A3 3¢ 7|2
A7 oF 40.1% #HFo] 7Hed A2 eyt
9], olitsleta Ay EFe] ¢ Lab Scaleol 23t d7le] UASB WHHS
HRTE 28t A8s 23 s 111]4%01]/\1 o|ibslebA AR 7HE 20/°]
A< 93l = UASB HRTE 3hroez &7 7FA 7tk sle A2 YESTY.
oUu —?— Z 57189 710%8 %7} 357 756t a
YA R U1 AL E S 4 v
= o] &4 wlerdAy o] 19%°| At

t ) ]

3 547 Xﬁéﬁwﬂoﬂ e F7180] HESH AALYNE B -3gz 2
ol o3l A A= By ;ﬂ'r%/\]oﬂ-tx:—

O 45m?/day He|AlAde AR FEHAL S 3,
193799 Rt A =7 A8 v B Ao A" UASB-ABF Alag]le <F 13
49 TEI g o] v gyto] == Ao
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SES
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G A= shelry H] 1z
. &9 Hgedd 9 A 20129 2012.9.18.~2012.9.1
24 HE 9
5 dt&-g ¥H3lo| 2]st UASB-ABF 20124 2012.8.22.~2012.8.2
A2 W 571 8 2 AASA tferetd satal 4
S A2 40 24F E7]4%F HRT
? 521 2% 18 20139 2013.6.11.~2013.6.1
3 Wsl 9 ero e 22| et mrs
5538 9 spawy S el ’
A A&A A 2AoA 9 201394 2013.6.11.~2013.6.1
S XS o] &3t o] QItA 34 tigtetd 5otal 3
Nitrogen and Phosphorus
5 Removal in an 20134 2013.6.11.~2013.6.1
Anaerobic(UASB)-Aerobic(ABF) IAT Conference 3
Sewage Treatment system
Nitrogen and Phosphorus
i ) 20134 2013.9.8.~2013.9.12
removal in an anaerobic sewage
6 ] IWA-ASPIRE
treatment using UASB-ABF .
Daejeon

system
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e e =x £
S A% ek ¥
Separation of organic matter o
) ) Desalination and
from domestic sewage in a )
. . Water 2AF AAMS
UASB-ABF system with anoxic
] ) Treatment(DWT)
bio-flocculation
Nitrogen and Phosphorus o
) Desalination and
Removal in an )
. . Water 1R} AA &5
Anaerobic(UASB)-Aerobic(ABF)
Treatment(DWT)
Sewage Treatment system
Z ] RIA}S}-EFA] blo o
[e) ]_ E\_Q} = E(SND) O = 71]7(]1 i_']“xé
M g3 MBR WS zolH A4 3 _
(20134¥ 10¥3)
A AA S
A7|A AR S|
471 51512l 5ol ] UASB .
HRTo| 1}2 87|24 A=A
=3 5= 9 24
A A= 1
5h-m| 0] 972X Ha] Ol E3 A 2013.06.04.
Blo] @ 7t A 34 AFX| 10-1273265% ==
AEAA S e AAY ot 9 Vs ERDRE
SOt 9 10-2012-0069571 2012.06.28
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TEFTHY HIHIS| 2t 3 BY
Analysis of Water Quality by Non-Point Pollution Source in Gurvong Watershed

W, TEMT, LR, My -
Seunggn Maong, Hyungsan Kim, Teawoe Kim, Jikve Jeong
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P8 oM 22 2 Hol Ol

HiE5 310 2|8 UASB-ABF HI2% U R7|12 22| 2 HIAHSEM

Dong-Jie Tian - P{HS - 2RAH - Hahy
SR dfetm w3 e

1TLME

Sieyh o] Webn) ol el Srle ol slea) Sgaeelit k) olslld M) BBLE TiEL T geny PIE
o =} - g 2] AR aEia] Al gleRe] @Ak KR R Ha 9l 5 FUEASE AR A
el 2EE S| A fol oERe, o250 AE T eE DU RAE AR d7lEe g o
ESehag raabl wick

Tk 247 S IR usas, BE Fobefld thi: i@E Solm QAU TE fEssd Fasio
ti- goict Bal 4007 £UAYE W +RLTLN"Y BN W LTS DR B ey,
FEITIR SR SR ER HeNs & U e 7 EN AlEAEE 5 sl URe fATiE
=P As ofys, 2o ZEEY M, A 3] W oL 3] Sien] ALY AeIm e LR b
Hojaf F WHICh

ek, B oEatela i rlEe MLE 8 #% G UASE (Upflow Anasrobic Shadze Blanket)-ABF (Aemted
BioFilier}) A|=W& o[&eld shEdgaf 0 = ) #7184 %7 ¥ FEE4E zusddg

2 eyl

Poolge] AfgF Al 910 ZaAleEarEe Al 15 A3a)e e AR AeebEc) 28
sl wte e Son o) Bol sjggie AEeigoiy B oaaghal Gof gk vigx QoA gl vy al
M= AT & Table 1+ ag=laded Lpefu]|Sick

Tl 1, Specfications end operating condtions of UASE and ASF

Pishaimistery Upfices Arasraic Shudos Bkt [LASE) Aerate! Bio-Fidar (AEF)
v rishe il ein) &5 25
Widuirie L} 45 45
HET il 3 3
Flescycde ralko %) O 1505, 1604
DOmgl) a-02 a0
Temrgatuna (T a0 =3

it F M Membran filters] £ Alol=E oldeja algs W §70E -8 POOD {pamiculae CODY),
CCOD (colloids CODY, S5COD (suspended solid CODY. SCOD (setileable CODNE SRS w2 R-Hafgc]
{Table: 1}
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Table 2, Sena finration metrod ana fractionaton of GO0

oD D L] Carmens
oD 000« POCO
5000 Fltrate Maugh 001 g 1000
cooD DM {Frate {0 45 gn
PCOD L 045 e inor-seltied 000 sLCOD
= ume: ) 30 mi ==t COD

3. gop gl ag

Table 38 = ¥h5840, 120, 180%)~] obF COD ¥ ¥ #iF-2 LeERE oot o] FEoiM 2cf go] ghid
o] ZrG4-E UASE 9 BOOD ® 7 £+ 30 B4=ach = FOODR $o) C00D 3 55C0D7 vhs:
# w& AFA v A Ee] EEal F7inkECE

Table 8, 00 removal & each tecycie ralio In the UASH-AHS system imal)

Pardiralans R LAZE ARF
Fleascyiche fatia, % [} 120 160 0 120 130 o 120 180
TCooD S0 363 &0 16D 3 il 28 245 165
S000 ar BS qz ™ 285 17 22 22 10
GO 27 25 28 a s 3 B 25 =]
FCOD SC00 190 167 156 a 1] ¥ 1] 0 i
SR000 76 ™ ad 41 10 a8 1d 5 &

4 8=
bt wEls] o2 R E EH] AlEe EAE A b g Bl G0 E A7) dhalsldes B
o] PCODS o] CCOD 9 SSCOD7F whae| @a 5l ol H7iae @xa) Fring

A} A}
o] AT EE HHEEN S R S g e | 2 2e] ajajed deApElEn

Hugd
1 g7 a3 e daa g,
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Nitrogen and Phosphorus Removal in an Anaerobic (TASE)-
Aerobic (ABF) Sewage Treatment System

Diomg-Tia Toam, Fyeer Sock Lim, Cham-Efymm An, Elang-Bas hm
Depamsenr of Esrvisonnesl Engneersg Clangbak Sasonsl Lsyvenin Mecssdongio 52, Cheongn Kooes

INTRODUCTION

A larpe pumber of anaerebic dimesters have been bailt and operated for hizh swrength
Wastewater Teamment Among the anserobic digestars, high rate digesters are considared
for low soength sewaze meamment Unlike the conventional low-rate anserobic digesters
such as anasrobic ponds and septic fanks, bieh @te anserobic reactors are desigoed to
operate at shart hydraulic retention times{HR.T) and long solids relention tmes(SET) to
ncorparate larpe amounts of high activiry biomass",

The up-flow anserobic sludee blankst (UASB) reactors are by far the most robast high
rate anaerobic resctors for sewage westment and thers have been more than 1000 UASE
reactors installed worldwide™. But their low removal capacity as nitrogen and phosphate
still remains detmimental disadvantages for the sminzeot local effluent standards.

The objective of this papser is to remove nimogzen and phosphatz o the UASB-ABF
SEWAZE reatment system by applying amserobic dendrification as well as chemical
precpimbion.

MATERIALS AND METHODS

Operating conditions

Tahble 1 shows the detail specifications and operating condifions of UASE and ARF
Hviraulic residence tmes of UASE and ABF are 23 hr and 2.4br on the base of
mcomins flow e, 3 difersnt recycle mbos (100%:. 200%, 300%) were applied for
verfying the effectiveness of the recvcle on the removal of organic matters and nitrate
in TASE. Phosphoros removal was achieved by adding coagalamt {ALP mole mbo of
1.4) in UASH. DO Jevel was kept above 5.0mgL in ABF and operatng temperanme
was kept around 20+ 3°%C

Table 1 Specification: and sperating conditions of UASE and ABF

Paramstsrs VASE Aerasted Bio-filter (ABF:
Flow rate (ml/mm) B3 4.5
Vohmme (L) L] [E]
HET (br) 2540 13
Racycle o %2 10D, 200 300
D0 (mel) &2 [ =30
Temperaiure {7 ) 23
Coagulant 15
(ALP mole mito) :

RESULTS AND DISCUSSION

Fig.l thow the TH and NH.'-N removal panems in UASB-ABF. ot different recycle
ratios. The removal efficiencies of influent TH was 12.9%, 43.8%, 74.2% and 78.01%: at
recycle mtio of 100%, 300%, 300% and 300% +coapolant, respectively. Also, the
pitrification efficiencies was 34 3%, T1.4%. 95.5% and 81 3% ar recycle ratio of 100%,
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100%e, 300% and 300% +coagulant, respactively. Coagaiant was added. it was observed
that the nifrification eficiency decreased $.2%

B L TP

et

Rt s o v 8w

"\ 3 " Wy w

e R

Fig.2 TF removal patsons in UASHE-ARP mrstem st differsat recyels rabios

Fiz.1 show the TP removal panierms in TASBE-ABT at different recvcle ratios. Siable TP
removal below §.1 mgl. was possible by addins coazulant at ALP mole rateo of 2.6 in
UASB. Nimfication m the subsequent aerated bio-filter was oot affected with the
codgulant application to UASE.

CONCLUSIONS

Complate denimification had occurred in the UASE, and both T and NH,"-¥ removal
alsp improved oy recycling the nimified effluent Low orpanic mafier in the effluent of
UASE could mpreve mitrfication efficiency ina subsequent aerobic flter. The remowval
efficiencies of influent TV was 78.1% at racycle ratio of 300%5 with coagulant, and #0133
TP removal was posstble with coagulant dose at ALP moele mitte of 2.9 without any was
added showed in UASH. Fimally, 85% remewal of TCOD, above 80% remeoval of TP
and above 73% removal of TN was schieved at the UASE-ABF sewaze treatmant
System
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Abstract

An anoxic sewigs Bestmenl frocess an upllow asacrobic sludge blakel (LASE] Sollowed
bre an merated bio-fher {ARF) was Investigmed for the reduction of oxyigen demand aoed
the ssparstion efficiency of the orzanic matler, After recyclse of the mitrified edfinent.
complels denlirifieation occurred in the UASE, with an entancement in both wurbidiry
drmrctirialcs snd TOOD removal motes, Low wiebiding and OO0 b the effluet of the
UASE reduced the oovgen demand and improved #w ninifiention efficiency in the
ssbgauent ARF, o wits and without the recycling of the nitrufied effluent in the UASH,
95% and 63% of ge TODD vabses, respectively, were memoved Compared wih @
conventional activiriod sludgs sysiens, appeoximedely LL T4% of the TOOD was converted
to OO in bodh the UASE and the ANF, pencrating an approaislaly 60%% redction in the
amount of 0. After secarnulation in e UASE, 24% of the influent TOOT could be
requestered for use as o marginal enengy sorce i & subsegoent anserobic digesior

Kevwords: anoxie sewnge mearment, bio-flocculation, ssparsion of cegane nsatter, (0 redoction

1. Infroduction

The major ohjsctives of sewage treatment bave nchaded improvements m pubhc health, redustions
in the oy gen demand afler o discharge inbo streams, decreises in the eutrophication of natural hodies
af water, and the removal of various synihetic ornganie chemicals, In the beginning ol the 21" contury,
global warming concerns originating From preenhouse gases have become important ssees worldwide,
and the reduction of carben dicwide from environmestal wilities has emerged as snother major
ahjective.

As altermnative approaches in the treatinent of domestic wistewnier, ssquential anaerobic-nenolic
pocesses have many advantnges mn.plu'ud with comvertional nerchic techmologhes, including
reductions in energy consumption, cxcess abodge produstion, carbon dioxide generation, and
operational complexity (Kassab ef o, 2010, von Sperling and Chernicharo, 2005),

With mubtiple inherent advantages, anserobic realmei processes cnn require addsonal aerolic
treatments o comply with effluest @andasds. Anserobic processes have been generally adopied for
the pre-treaiment of domestic sewage 10 reduce e onganic load on subsequent sorobic proccsses. An
upflow anserobic sludge blanket (UASB) has been a popalar anacrohic process used in scwage
trearment as mvbient temperntures. The HRT (Mydraulic Reentica Time) of the UASE typically
ranges from 3-8 hr with o wide range of T removal efficiencles (34% - 04%), s reported by

- 129 -




Nitrogen and Phosphorus Removal in an Anaerobic (UASE)-
Aerobic (ABF) Sewage Treatment System

[homg-Ji Than, * Hyur-Sook Lien *** Hang-Tac Jun’

Dreparimsenl ol Fi iromental Engincering. Chungtmk Maloml Univessiy, Micssdongm 5%, Chesagju, Kores

[ E-muilafun g e 1205 @chnu ac ke Tt +KHMIT6I24TO)
* [heparsment of Envisoamenial Engineering, Chunghuk Natioral Univeesity, Maswsdongro 57, Chesaglo, horea
(lE-mal vy T4 1 22 hanmail. net Tek «EMMEREEILT

*= [epaitment of Envinommeiinl Engineering, Chunglak Milioral Uniwersity, Maswabrngro 32, Cheengju, Kaores
{E-mailjhbchefanuackr  Tel +EN43261 24 %0}

ABSTRACT

Anserobic s=wage treatment process using UASE (up-flow anacrobic shadge blanket)
coupled with ABF {zerated bio-filter) was tested for the removnd of mitrogen and phosphoras
by recycling the final efffuent ond by adding alum to the influent. TOOD Removal efficiency
was ghout 604 in UASE without recycle of the ABF effiuent, while it incrensed to #F at
recycle motie of 3. Complete depiirifiention had occurred in the UASH, and removal
clficiencies of both TH and MH,'-N were nlso lmproved o 74% and 95%, by recvehing the
nitrified ABF effluent, TP removal was not improved by reeysle of the ABF effuem TP and
soluble phosphorus were effectively removed in UASR by adding alum to the influent. #%
remowal of TP was possible with alum dose at ALP mole retio of 2.6 I the final effluent,
conceniration of TCOD, T and TP were below 14.0, 7.0, and 0.2TmgL. respectively in the
LASB-ABF sewnge treatment systom af resyele miio af 3 with alum,

Keywords: Anscrobic sewage meamment, UASB, ABF, T and TP removal

INTRODUCTION

A larpe mumber of anacrobic digesiers lave been built and operated for high strength
wastewnler frentment. Among the anaerobic digesters, high rate digesters ane considered for
low strengih sewaye ireaiment. Unlike the conventionad low-rate anasrobic digesiers such as
ansorobic pands and septic ks, Mgl rate annerobic reactors are designad to operte at shart
hydrmualic retention tinses [HH’[{} and long salids retention times (SRT) to incomporae large
arnounts of high sctive biomass"". Sequentiol anserbic-acrobic processes has been siggested
for alternative domestic wistewater resiment that exploited many advaniages compared (o
conventional aerobic lechnologies, such a5 less energy consumpiion, less excess sludge
pricluction, less carbon dioxide generation, and less complex in operation”” ',

Higher contribution of the UASB reactor to the TOOD removal in an anserobic-perohic
systemt ean reduce seration energy snd sludge production in a subscquent agrobic provess.
Poates of ol demonsirated over 93% contribution of the UASE reactor was possible by
recyeling the trickling filter (TF) shudge with about 1% recyele ratio of the influent. Jun et al®
could have 95% contribution of the UASB reactor by secyeling the serated filier (AF)
effluent with 100%% recyele ratio. They stated that recyele of the nitrified effluent of AF might
enrich the heteretrophic microorganisms (denitrifiers) whe improved bio-flocculation of the
particulate COT in the UASB renctor. They alse reported TH removal efficiency was about
% in the UASE-AF system that showed similar efficiency ns other biological nutrient

HAE
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Mitrogen and Phosphoras removal in Membrane Bio-Reactor(MBR)
using Simultaneous Nitrification and Denitrification{SND).
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ABFTRACT

Simulaneous  rdiviticeton and denitrificason(SHND) coours concurrently in The sarw
mactor  under miro  dissctved  owygen(DO)  condithons, In an serated  Membwane
bo-reactor{MBR] anoade zone could easily settbed noa microbia floc due o bigl -Jmlsg'
reafdence tine{5RT) and high MLVES even in high D0, In this study, nitrogen semosal
by SN was Envestigabed in a sSngle MBR ancd phosphions by cosgulant wih synihetic
domestic  wastewater. The major parmnelers foe SMD in MBE were DO, bydraalic
rebembion time(HKET], C/N ratio, end the Foc see. Several DO Jevels such as 20, 15, LD
5mg/l. were besbed hor finding the conditlon of SNT In MBR OODor removal
cifidency was over WK% gl T l:l.?._'m-.g_.'l When the O was mainiamed ot 20mgsl
NHL'-M removal effidency was ower %% lalb demimificeion did oof ooour due o che
high DO and T-M romoval offidency was aboal 52%. At DO 0U75mg L abouk 6% of
T-M could be removed m the SND MBEL As o meualt of irgoctmg with ShefL amd
opetating continuously the coagulant Alum in the anaerobic resctor. the T-M removal
efficlency mduced in &0% By 54%, T-P renoval efficsency coild conflym in Increace in
3% by W% The coagulant injection all backwsshing oyl showed up as 151 day

alier pcting, the hackwashdng cvcle confirmed © e lengthened with 40=50 day
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Effect of UASE HRT on the Removal of Organic Material in
Anaerobic Sewage Treatment Processes
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ABSTRACT

The effect of UASE HET on the remownl of organic moterisl war wvesomied in &
UASE-ABFp-Aow Anacroble Shidge Dlanker-Biofiser) oneerobic swige Memmerd Sv@em
UASE HRET were 72, 28, W which ceme . cese I, cose I compaed divided mio,
respecively, Removel efficiency of organic moderial wes the bighest in UASRE HET Tihr wish
ceso |, mothme pas oceutved, However, HRT 25, 3br which case I end case M were 71%,
respecively, The meshane ges proeried wis nol @nciigh 1o be messered, Unlike organic mmerial
remwval, removal efficiency of 5 ond Turbidity were the kighest in HRT 30 case m m
pddition, @ sories of mflows orgasde material  effulent onganic maserlal, organic  malerial
sccumulated tn e ressor, such B the vamows pemmensrs wene analyzed. Cwganic material well
aceumubued in LASHE reactor, the shorter HRT. On he other hand, orgeaic removnl efficiency
&id non shew @ bip difference,

Kiyworde Asasrohic Sewaps Tremment, UASE, HRT, Ciganic Maisial Removal, 55 Kessoval,
Turkidity Removal

2% £ AT UASB-ABF(Up-flow Anserchic Shidge Blacket-Biohler: H2HE =14
& ma griddel dyd s VASE HRTS #X 89 A7t4 =N ggd dse A
Aol UASE HRTE T47F 72, %5, Mwsl case 1, cose T, cnse M2 obA Y #l2 &4
ol = 2 UASE HRET? Thest ewes [ A Ho0E A7 H &= 7Y U, ofgr)
2% Wasd sy, HRT Fwdl case 0% NRT dwd) case OAME #7158 AALE
22t TI%eclstch EH olgkrbs 2Fe) FHpY FEE wgoa] gghe 25 9 G2 qH
E&E #7018 A7 abe wa] HRT? el case Mofs 7h3 Spstdck, @ o copecf
o s AY RS R AE AE S Par O EYE AR § dale e
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LASE W82 Weolsa &7 8 &3] $gs oiBofgoy, ol el S8 dqng
Wi f AelE el e

T Comespomding auther:
E-imul flibebesaehin gl e ir Tel (HA-281-0470 Fax: (H3-d71=TF6

HAHS

- 132 -




J{m

-

59 3

CEATIFICATE OF PATENT

& 3 Al10-1273265 & RSl W OFneems
b

CFRTENT MUMBES} ? o W WITH 1E

TN asrsirsomucey 0 od 00

Wl S| TE S TITLE OF THE SVENTAON)
g - Wy 78 A B wejests s wE

Bo] Ak lpaTENTEE)
FRANE A0 E T 1501 T -Grernan)
THARXE ASH FET deFE 2 (A48

PR AL IO
TR oA

g gge By, of met SHESAN 58
%64 29

1w

oLy

(THeE Il T CEHTIFY THAT THE PATENT iS5 AEGISTERED ON THE AEGISTER OF THE HOAEAN

INTELLECTUAL PROPERTY -OFFICE )

20139 069 Mg

EHHE DY

ECveisF OMER, THE wCIREAK M TELLE OTLaL Piciunty

- 133 -




I.

Bo4wy
EdHSEIAM

# 8 f B ErzoszEd

B I OMNE dAEFE SRS

& BB 8 10-2012-0068571 (592 1-1-2012-0515754-48)
SAp RE =TOND A ESTHP-P004-016822-5)

Chalgl 0 HM9-2002-0000581-7)

VER a8 o=z

BES B HamolsS = ToE s 2o iy

S ol = 3

s TFH

I\fl

1TSS BEE M 0 MADOL Hagoon 080 A TSRS

SHESS BR oS = USLI0

2OEAN DR Sl Hagoon RO 2B S Msan 59,
EETHS S8 DO S SHE E- SRH LEe0I0 8L
| YRR 0TAIE) < #I-?-T-“E.

FLIS Ex MM SH AN UE JS, ZM [FRASS How

HiEE) HEATM]E IETH0 SR 05T I BAAS Sumos
8= wEUn

8 Eo|=|patent.go.kry 3% 2 BRMHLOFEZE X BolE AESE WT BED HZ

4 BHASASSS|EAE WYL TS S HE SN0 YR s msu
H

o

L

w1

e 3 —I"'.-.-I B 3IZ OILAH ﬁ-‘-.r’flll'l EII = BRE AHA T
O MNTHE MRS M A B8 = sl

2 §ABOT o AR F'CT E' [“..'r- QH-.*_‘:'HILH ODiEE=E B

= -r-.J'I'ﬁf-'d_al' LE SR DIEE LR _Ja-.'.'HI i-."-!iSPD=ICI= d.-‘lﬁ 'ﬂ.{‘-‘."?'!i

&= HELICH

® B EHLA T ntkood e kipoogo kr—B B 0lE-FCTIOHE IS

PO AHIC D N0l B TINE, 4B -TITe = XY T

® I=EcaEN OFHE JIEE FOLUCHH FO3T2EF Al O&H0] Dl =MMEF

i, FHEEYEH TEHE OIUY DSy 88 [MOR I M HRIOTC/EE/EE NS
B FELICH FO7F SHLASE @M RLICH

6. @HAEE 2PN BEAStDT 8= 20 OreEe &0 30O 8HEH,

IS Soey A8 pg iy Do HEE BE = LD

s B EH 1050100000000, o =& 20-20710-00000300

T. MER&AE S THH 262 APRIE mEE RHEHS &A8HAD] B2 LICH

134 -




S ErELE.

&

Ek Pl U

[ I - - B |

W s APl UEO e o ST CMBEUE SR 2 RE U

= fiFolNY

&% yuT 4% LEATI06-13

o ® @

E 3- 1037
Bk a , _

o L2 EO13Y) & S CHSHT @l Al =@ @
o | #ARE £)| #28FA FuP dsEEs | Y & 5
; EESTEEEY -

BlE 7l &9 g 54 4 E -
gi' %3 £ = | +uwus

qauasy |, S——
fh (=) Aoy bR
g2 ® 88| T-NT-P BD
W HMEEE "
EARSRIG v w 2
’EI AHneE | BoliEEE
HlH H LA 2043 118 129 Al 2w 3 TR

5n uwR| BH2E B 24 suEsuw "

T-M 12,178 ma/L| %# L2 H B
1 r-F 0,724 mg/L| meas e s
E BOD 8.5 mg/L 20°c suz
o ol # 0 s -
!
o}

B 77 |aoad vy 128 - 20ad R el By R =0 li-‘;l.'ﬂ_}

pE B 5 o -

B 0 SEHEYENE MR E T BB

ujn LA S OB Q8 AR F AR A En @RS O Ec] d5 § meich

200 uME g0 ME W RS0 MW P T, T A0 AR r %let B,
£
o ST R R~ ‘Ig |
=

FAIBIAL

1 O&E=-Z15-5RE1 | FAXN] 043~ A-5854
.

[AE i )

- 135 -




1. o] HIME SENSFAA At A[H7]

co] BN 8-S wmatE ol vheA]
uhslot gyct,

Chela J1Lexo] Bed g eldos wE ®
o},

- 136 -




	제출문
	보고서 요약서
	요약문
	CONTENTS
	제1장 연구개발과제의 개요
	제1절. 연구개발의 목적 및 필요성
	제2절. 연구개발의 목표
	제3절. 연구개발의 최종목표의 성격 및 설정근거
	제4절. 연구개발의 내용 및 범위
	제5절. 연구개발 추진체계
	제6절. 연구결과의 활용방안 및 기대성과
	제7절. 연도별 주요 추진 일정

	제2장 대상지역 현황 및 특성
	제1절. 대상지역 선정
	제2절. 현장 답사
	제3절. 선정된 문의 구룡 처리장의 유역 특성

	제3장 공정개요 및 운영조건
	제1절. 국내.외 연구동향
	제2절. 혐기-호기(UASB-ABF)공법 개요
	제3절. 자연수로 호안 공법 개요

	제4장 연구결과
	제1절 충청권 소규모 농촌지역 하수의 최적관리를 위한 처리 체계
	제2절 충청권 농촌의 특성에 최적화된 소규모 친환경 하수처리 기술 개발
	제3절 상용화된 Packege 형 사후처리 시설의 설계 및 운영
	제4절 전기사용량 비교
	제5절 이산화탄소 발생량
	제6절 유가자원 회수
	제7절 C/N 비 및 식생여과조 막 폐색 문제점 해결 방안
	제8절 동절기 저수온시 pilot plant 운영

	제5장 연구성과물이 타 하수시스템과의 건설비용 비교
	제6장 결론
	제7장 활용방안 및 기대효과

