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SUMMARY

I. Title

Development of Technology for Energy-Saving Removal of Organic Matter,

Nitrogen and Phosphorus in Rural Sewage and Animal Wastewater

II. Objective and Importance

There was increasing concern about environmental pollution. In rural area, where
the sewage system was poor and the houses are scattered in widely, proper
management of rural wastewater is an essential component of a healthy
environmental in rural area. In the context of livestock production systems, there is
particular concern of animal waste. The aims of this study,

o Development of technology for energy saving of rural wastewater

o Development of technology for energy saving of animal wastewater.

M. Contents and Scope

Part 1. Development of technology for energy-saving removal of rural
sewage

a. Development of woodchip media

b. Physico-chemical characteristic of woodchip media

c. Development of treatment process

d. Development of sewage plant(Lab. and pilot scale)

Part 2. Development of technology for energy-saving removal of animal

wastewater

~ Xiii -



a. Development of trickling filter system using woodchip for animal wastewater
b. Development of operation manual of trickling filter system

c. Development of pilot plant system for animal wastewater treatment

IV. Results and Application of Study

This research makes an estimate of removal ability and proper quality of
sewage that it utilize sewage treatment using woodchip in rural as reusing
waste-resource. The trickling filtration system comprises a filtration bed packed
with filer media having a particle dia. of at most 2~5cm. The method comprises
natural air from the bottom of the bed. The system also comprises a control
mechanism including a time a constant discharge pump for controlling supply of the
waste water into the bed.

Using developed woodchip trickling filter system which is using biodegradable
natural media, the treated result could get the stable effluent for four seasons
through investigating effective factor and operating parameter for removal of
organic matter, nitrogen and phosphorus in rural sewage around Wonju
neighbor area.

The following conclusions were obtained from the results of this research.

In this research, physicochemical characteristics of developed woodchip media
were like this. Specific surface area was 120~240m’/m’, porosity was 75~80% and
thermal conductivity was 0.07kcal/m - h - C. It has forms of parallelogram and
oblong which have numerous small pore space of width 150~650um and lengthwise
75~200mm. This woodchip has been good condition for microorganism’s habitat,
excellent in heat conservation and heat insulation, having very larger specific
surface area by complex the three dimension structure of cellulose at wood's

major ingredients. The woodchip trickling filter process were excellent as media.

The testing results of Lab-scale trickling filter reactor were that COD

concentration of effluent was increased to more than that of influent until 33 days

- Xiv -



after operating, and then it was stabilized to about 50% of removal efficiency from
62 days later after operating.

The visual observing results of attached bacteria in microbe were that slime
layer wasn’t made at the first stage of operating, but was made slightly from 3
days later of operating, almost all from 20 days later of operating. When COD
treatment began from 30 days later of operating, bacteria was acting stabilized as

complete attachment.

The thermodynamic characteristics testing results of Lab-scale trickling filter
reactor were that the average thermal flow flux were 0.062W, heat transferred from
outlet to center, it made good condition for growing microbe. Woodchip material is
a cheap, self-renewing substance, without harming the environment.

Trickling filters system using woodchip were designed for biofilm reactor which
was strong influent loading variation, safe removal efficiency in low temperature,
comparatively smaller ground-space, less electric cost and sludge production. This
is a compack and low-cost water treatment which easy to operate.

Operating conditions of woodchip trickling filter reactor were organic loading
0.3kg BOD/m’ + d, BOD surface loading 2.8kg BOD/1,000m’ - d, hydraulic loading 3.5
m'/m’ - d, nitrogen volumetric loading 0.lkg NH4 -N/m' - d, respectively. Operating
range were low or standard rate and intermediate rate trickling filter. The
treatment system was developed that DO concentration maintained sufficient, none

of filter clogging happened, backwashing was not needed.

The operational results of woodchip trickling filters system using biodegradable
natural media were BOD 96.1%, COD 83.3%, SS 94.6%, NH.-N 97.9%, T-N
73.3%, T-P 60.0%, respectively. The average BODs in the treated effluent were
less than 10mg/ ¢ the woodchip trickling filter. The purifying treatment process
achieved nitrification, denitrification and phosphorus removal. But denitrification and
phosphorus removal were could not achieve the full due to woodchip’s humin and

processing problem. It was noticed that high treatment were possible if we

- XV -



improve part of process.

Engineered wood chip beds use the oxygen transfer process of the wood chip in
order treat to animal slurry in Chinjun farmer. Downflow wood chip beds, with
three treatment stages, have been installed in front of a horizontal flow wood chip
bed.

They have given a reduction in BOD from an average of 29.136mg/# at the in
let, to 85mg/ ¢ at the exit of the system ; suspended solids reduction is equally
good, decreasing from an average of 12,925 to go 71.8mg/ ¢ .

The experimental date obtained after 9 months operation with the pig
wastewaters showed that the bed was achieving a 99.3% reduction in BOD. There
are two stage downflow beds of wood chip at the Byoungchen installation.
Analysis of the pig wastewater flowing through the wood chip beds was carried
out by tree. Those results are the average analysis of 20 samples taken over the
period 2002 to July 2003.

The 99.3% reduction in BOD across the wood chip beds in encouraging, but
nitrogen levels remain 91%. Modification to the system are planned with the
intention of improving on-level. It was proven that wood chip can as a good
medium for trickling filter with livestock wastewater treatment.

The use of engineered wood chip beds offers tree potential of relatively low lost,
environmentally—friendly approach to the treatment of wastewaters. The results
indicate that the wood chip bed system can effectively reduce the organic BODs,
inorganic T-N, T-P. The provisional conclusion that can be drawn to date is that

wood chip bed are capable of significant organic and N, P reduction.

- XVi —



< IR I S 1
Xﬂl;fji 03?7]]%0 %3@ .............................................................................................................. 1
A28 AT IPHFS] I A T ZE QA s 3
Z‘"S@ ?j?-yﬂg— LH% \;_l Hrj_CH ...................................................................................................... 7
M2 daleso| gulE 3 Aol ofuiX] e ITkz| 7= 9
A L7 A B oottt 9
21]27% ?i?./\]_ ................................................................................................................................. 11
1. A O AR E e 11
Th AFZR O AFO] BT s 11
U, AFZR0dAF QG2 R] @] QU] wevvererererereessssssss s 14
T}, AP O] AFO] A | corrrerereetn 16
T A E0] FLITE AFEETE B A] weoerereriinienisesise 29

3. TR O] B A e 23
4. %7&]3} Oeﬂgd'-a_‘]'—x_—ll E]_% .......................................................................................................... 26
Th. G R TE TR cervereerseeniee i 26
b, 8 B o e 28
AU AP E L HFE ettt 29
1. BT E oA Q] A ZOF BA] e e 29
7]_' %%;ﬂg} xﬂ}_]ﬂg—lﬁ ............................................................................................................. 29
U 712 o A18] BA AT ] 0] A9] B A 29
2. Lab—scale AT AR Z HFH 31
3. A pilot A| 22BN AT AFX O} QI FET] e 33
Th AFGR o AR Q] A Z| oreeereere 33
U, 23 H Aol AF RS2 Al Q0] FAD e 34
TF 7] A TG0 AJZ2ED AT e 35
Zh, AR AT AT ARG QA T e 45
4. A pilot AT A2 BB A B cereerereeermsesemieisi s 48
Th BrQ1 0 G20 ALttt 48
L, A/l A BFS Y3 X g FA W AT e 51

- XVii —



5. EH__@' Ho]—% .................................................................................................................................. 59

A4 ZTF T TEZE et 54
1. BT O A Q] B A] erreereiereieniis e 54
7F ZHE oA o] Ea]-3F8HA EA] s 54
LF, LT ] 0] 7] cerereenieenieeii e 56
2. Lab-scale );‘__]-_/':oq}b]-i ﬂ_%g EA] .E_/jl ....................................................................... 57
7]__ COD =& )ﬂﬁ]_ .................................................................................................................. 58
U}, Lab-scaleo] 3 @ @BFAl ELAT win e 60
3. 713 Pilot plant Al 2B AELQ Jr Z ] GoTe e 62
7oA 71 RBFQ G5 ZT] TS e 62
1/]_ ;‘qa]é_%}_/\} ....................................................................................................................... 71
TF, A H R T G coererererererere e 76
Th, S E A B] T creeeereesr et 392
ul, AFAAA T AAE UE B 7]AF BA] 83
4, DEATE YTF FA HQE Gl o 87
7]_ PH oot 88
L}, 22 8 (TOmPEratUre) s sserssessssssssssssesssnsssssssssssssssssssssssnssssssnssssinisssisssssssnssssinssssssssosssssess 38
1;]_ BODs (Biochemical Oxygen Demand) ﬂg] ............................................................ 89
a__ COD.r (Chemical Oxygen Demand) j}ﬂ ................................................................. 90
vl SS (Suspended Solid) F B s 99
u}, A4 (T-N, NH4+—N, NOs =N, NO3 =N) FZ] wrereererererssrnmnnsssininineiiisisins 93
AF. ZOT(T=P) ] rererrrereererererereetee e 97
OF, ORP B A wrererrerreseestetettet s 98
5. BRI Z] B T e 99
Th BRI R B B o 99
LE, BOD5/COD o H] b seerereeserseeestetetett s 102
\;]_' lié]il ﬂg]_@—_.% .................................................................................................................. 103
6. AZBFE 0l THE ZJE] FB corrrererreeersmes et 106
7. BODESIo] W2 2] G WS} ovrrrrrrrermssrsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 113
7]_' BOD—}?Lé]'Oﬂ = ﬂﬂ_ﬁ_% Eﬂﬂ ................................................................................. 113
Lb, C/NH| 9] 3ol 2 A TR HIBE oo 114
8. AALzle} &3l 7)1 Z L o[ R o] % FA] s 114
T AP H BRSO TR 7] Z ZEA e 114
U, A2 mdlEo)] w2 7] E Z2A] e 116

- xviii =



118

Tor

118
120
120
122
123
195
126
126
132
134

- Entropy %ﬁ_%
o2 T PP R PP PPN
=

B teteteterte ettt ettt et et et eaa et eae et et et aeaaeaeeaaanns
=

“

°
HERZ20] A OL COD A7 AT e,

Je]ell ogk A= AA Al

s

COD AlA Al

=

i

°
pul

- ul
-

HA el o

A

o

[e)
Z
L=

10. A

b, SR TFE H] (LA TZF)  ceevrereeemeseee et

2t NH, -N E%of ¢
Th. AJAH] cerreeersseeesssse st

7}

139

K1
Ol

=X

<

K®r

139
+ 140

£

)

K

o

A2 Ay

2. 949

140

~
o
o)

BH
B

M

143

ol

143
143
143
143

144

145

ZFE(KS F 2206=0Q) «reeerrerseseneninieiaiiniiiit s

u}. %LZI:% (KS F 2202=00) «rrererrrsrurmumnttaniiniinitnii s

oF=

H

A},

147
w147
148
148
148

N

~

148
148

o

i
ﬁo

ENREERE

il

= Xix =



ﬂe
™

K

)
w

R

o

]_

A3H Al

149

o

149

R

150
151

152

1:1] /%J% 7‘:334_

&

- 156

-
H

=K

160

162
164

T

A4

A5

-165

NEXS

=
=

® 4%

165

166
166

N U A AZFE 2] @] 7] Ds ST e

166
166
167

171

il

171
171

b

_AO
o

<V

]

3. Pilot

173

175

[¢)

AL 7]

Ul

A

ﬂmo
Ho
-

Al

4.

175

7}

179
180
181

W iR
XM R
KO A
ERRC

T

<184

185

=
s

185
- 186

187

187

187

— XX -



1;]__ %oéﬂc}ﬁé ............................................................................................................................ 187
A7 AT ZA T woverererenenennes 189
I = e B P 189
TE A AR A 2] 2] M F L] S5 cereeeee e 189
L . X ] B H] DL vvevereenenerneten ettt e 190
2. A AL UIF-2] H]7]AF B AD e 191
7F A TAIAD U HF-L IR 0] BB} v 191
3. A 71 Ao Aol A QG AT B e 192
TE. SS A B T cerereeerrere et 192
1/]._ BOD ﬂaz,:% ................................................................................................................. 193
T, COD H B GR35 coormrrrreressssssssssssssssssssssssss s ssssssssssssss s 194
Elr. T-N ;q,j/]_/li_f_ .................................................................................................................. 195
u}_ NH4—N @ﬂ_ ..................................................................................................................... 196
HE, NO3=NQ] H S oot 197
/\]_' T-P ;q,j/]_/li_f_ .................................................................................................................. 198
4. %xétg ﬂﬂi% .................................................................................................................. 199
Th. SS ] B E B crerereeerrs e e 199
1,]_' BOD, COD ﬂg]_ﬁ_% ...................................................................................................... 200
1;]__ @ii}@'%(T—N, NH4—-N, INQO5—IN) creereerrersesenentstnts sttt 202
ﬂ_. T-P ﬂa}g—_% .................................................................................................................. 204
T B 22 ] ettt 204
HE, S E R] B] T crerereerseeesseess et 206
5. %20 A f 2 Aol Al A AEIO] 6] EAD s 208
APATD LB e 209
FPGZL FEALIET] cevvrereemsssersse et 210
H5Z& A3y Tt = A} 55 el 7= THEE 211
A L7 A B ettt 211
11]27% A 5 u7.<1 == PR RIS 211
1. A TRBE e 211
2. G0 HIZE A O] B A s 219
3. F B LA e 212
A ZE A TEZ T cerererereereee 213
1. Z B G overeeree et 213

= XXi =



218
219

xr
pild
El

v
%o

220
221

= Xxii =



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Table
Table

kH
i
>

2_1. Kinds Of trlcklll’lg fllter media ..................................................................... 17
2_2. COl’lStituent ratiO Of WOOdS .............................................................................. 24
2_3' Chemical element CompOSitiOH Of WOOd ..................................................... 25
2_4. Major ingredients ratio Of WOOd ................................................................... 25
2_5. Chemical ingredients Of WOOd ....................................................................... 25
2_6' Characteristics Of WOOdS ................................................................................. 25
2_7. Specific graVity & density Of pil’le media ................................................. 31
2_8. COmDOSitiOn Of the Synthetic WASTEWALEL trrreerrrrrrerrerresrn, 33
2_9' Trickle 1oading by influent BOD ................................................................... 34
2_10 DeSIgn ltem Of tl”lehrlg fllter ...................................................................... 43
2_11 Pllot plant deSign ............................................................................................. 43
2_12 Operating COl’lditiOl’l Of pllOt Dlal’lt .............................................................. 47
2_13 Seasonal Characteristics Of inﬂuent ........................................................... 49
2_14 AnalySiS methOdS .............................................................................................. 53
2-15. Physical characteristics of woodchip media ««reeeeemresremreneneneneneenes 55
2_16 Characteristic CompariSOHS Of WOOdChiD ................................................. 56
2_17 Thermal COl’ldUCtiVity Of media ................................................................... 60
2_18 Thermal flOW fluX in measure points ....................................................... 62
2-19. Removal rate of wood chip trickling filter system -«eeeeeeemremeeeenes 33
2_20 BOD removal effICIency Wlth tlme ............................................................. 90
2_21 COD remOVal eff1C1€l’lcy Wlth tlme ............................................................. 92
2_22 SS removal eff1c1€r1cy Wlth tlme ................................................................ 93
2-93. NH[ =N removal efficiency With time e 94
2_24 T_N remOVal efficiency Wlth tlme ............................................................. 97
2_25 T_P remOVal effiCiel’le Wlth tlme ............................................................. 98
2_26 ORP ’_‘A‘j .............................................................................................................. 98
2-277. Removal rate of woodchip trickling filter system «:weeeeeeeerenenees 104
2-28. Comparison of woodchip trickling filter system & Original trickling

filter System .................................................................................................... 106
2-29. Changes of Entropy by NHy =N concentration « s 119
2-30. SR A T HFFZE A A 7] H| L e 121

— xxiii -



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

2-31. A7) &3] A7te] WE ME 9} CODupE] BWE rereerrremmmeneniiiei
2-32. A71%a Aelel @ WHF ME Y CODyp®l A G o
2-33. _Q«_/':Xgﬂ Z}F/]Hg—tgtﬂé ZO]—E]-;@[ H]E_ ..............................................................
2-34. WZF G AT H] LG crevvereemseemseemieseieseii i
2-35. Q& TA AL R HJIL ettt
2-36. FBH] 2 Q Ot s
2-37. QBN ALTEE FAT T, FRLTRE 5 G 0] e
2-38. 7720l A2 H] A H] A ZFH
2-39. /7% 72T thu] FAR 9 S H] A ZFON e
3-1. Ao azo A AQFHS EHGA L AJE FHi e
3-2. %gﬂﬂ %1—;(_"g %/‘é%‘é ....................................................................................
3-3. 2Hx %xﬂg E}_ﬂ@ﬁl% —‘?—Z}U]/\g%% ......................................................
3—4, EATA Y] B AE ZAZT I e
3-5. EHGA Q] B APE TG e
3-6. EAGGA 9 RANAAE AFEu+ l:ryﬂ(ﬂm) .......................................................
3-7. %rjz_%ﬂ]g] Pr‘_]-u]xg% ;‘le[: ............................................................................
4-1. Characteristics Of SWINE WaASLEWALEL wrterrererrererereraantssentseenisieenens
4-2. AT 2D TA7 AL Zo|H SO HB} s
4-3. Az Aol are] 94 oS M EEF QOE AT TG e
4—4. /él./‘]:oqg—/\]i@g 7311]/(61 %4\4 ........................................................................
4-5. 2212022 AT HAE B AR T B e
5-1. 2383 ZA}F BT 120] A FFEE s
5-2. AL 0 220 Aol AFA] AEIO] O] BE Z] B e
5-3. & ﬂa}\]g_\}go XOL_E]_XHJ H]E_ .........................................................................

= XXiv -



Fig.
Fig.
Fig.
Fig.
Fig.

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

o g = A

1-1, =2 20805 219 2818 ZTA ] A Z2B] v 6
2-1. Schematic removal principle of biological fixed—film in atrickling filter == 15
2-2. Schematic diagram of aerobic layer and anaerobic layer by media ‘- 15
2-3. Schematic diagram & photograph of laboratory trickling filter unit -+ 32
2-4. Schematic flow diagram of pilot plant processes for sewage = 35
2_5' SChematiC diagram Of PllOt plant ....................................................................... 36
2_6' FIOW_Sheet Of WOOd Chlp trlckllng System .................................................. 36
2_7‘ Lay_out Of WOOd Chlp trlckllng SyStem ......................................................... 3’7
2_8' P&ID Of WOOd Chlp trlckhng SyStem ............................................................... 38
2-9. 7] FQAAH] Section TW A AT e 39
2-10. 23 Aol 2 e 712 0] BAMW EEZA] e 40
2-11. /;‘__]-_/,:%Lj] .................................................................................................................... 41
2-12. ZHAHLS 0] 83k 25T Pilot plant AJAD s 41
2-13. EF/H 043’4‘5_ g_l HJ—%.}_ .......................................................................................... 44
2-14. Schematic flow diagram of pilot plant treatment process e« eeemeeee 46
2-15. Flow—-sheet of woodchip trickling filter System s, 46
2-16. Schematic flow diagram of sewage treatment Process e 51
2-17. SEM-photograph of woodchip Surface =i 54
2-18. Schematic diagram of woodchip Surface « e, 56
2-19. Photographic woodchip for sewage treatment « e, 57
2-20. Changes of COD with time by laboratory woodchip trickling filter
SYSTEITL ++seeeesessess sttt et 58

2-21. Changes of COD removal efficiency with time by laboratory

WOOdChip tl’lckhng fllter System ................................................................... 59

2_22 Photograph Of Slime 1ayer ................................................................................ 59
2-23. Experimental apparatus of thermal conductivity «««esemeeeesrmemenseenenes 60
2_24 Changes Of temperature in measure points ............................................... 61
2-25. Changes of pH with time by the wood chip trickling filter -« 63
2-26. Changes of temperature with time by the wood chip trickling filter - 64
2-27. Changes of BOD removal with time by the wood chip trickling

- XXV —



Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

2-28.

2-29.

2-30.

2-31.

2-32.
2-33.

2-34.

2-35.
2-36.
2-37.
2-38.
2-39.
2-40.
2-41.
2-42.
2-43.
2-44.
2-45.
2-46.
2-47.
2-48.
2-49.
2-50.
2-51.
2-52.

2-53.

2-54.

Changes of COD removal with time by the wood chip trickling
SYStem .................................................................................................................... 66
Changes of SS removal with time by the wood chip trickling filter
System .................................................................................................................... 67
Changes of NHy removal with time by the wood chip trickling
SyStem ...................................................................................................................... 68
Changes of NO2 -N with time by the wood chip trickling filter
SYStem .................................................................................................................... 69
Changes of NOs =N with time by wood chip trickling system =« 69
Changes of T-N removal with time by the wood chip trickling filter
SYStem ...................................................................................................................... ’70
Changes of T-P removal with time by the wood chip trickling
SYSTEITL ++eeeseseesesses st sttt 71
Changes Of BOD remOVal TALE srrerreererreserertitiiitiii ’72
Changes Of COD remOVal FALE sererererrrrerseermeretiittii e 73
Changes 0f SS removal rate w e s 74
Changes Of T_N removal FALE srrerreererressernsrtintiiiiiii e ’75
Changes of T-P removal rate st 76
BOD removal rate at each process by trickling filter system - 77
COD removal rate at each process by trickling filter system = 78
SS removal rate at each process by trickling filter system == 79
T-N removal rate at each process by trickling filter system - 80
T-P removal rate at each process by trickling filter system - 31
BOD5/COD.: at each process by trickling filter system = eeeeemeeeees 82
Ao F2]g] 8 BHAFAAN AJHEY YHEE HEF e 84
LR A A} A EO] ATGIE ] A A HHF e 84
19 =& %%A‘__}_’r_o:]/g- ﬂ\j/]/\]gg q]l?—%}_g = %i]_ ......................... 85
19 ¢ SUdsad AeAdE W ddiEEY 45 Bbs) e 86
29 T SR AgAEE U 259 AT HIE e 86
29 =4 %%A‘__}_’r_o:]/g- ;ﬂa]}\]/g% /E;-EHZH;EQ = %i]_ ......................... 87

Changes of pH with time by the woodchip trickling filter system -+ 88

Changes of temperature with time by the woodchip trickling filter

Changes of BOD removal with time by the woodchip trickling filter

— XXVi —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

SyStem ...................................................................................................................... 91
2-56. Changes of SS removal with time by the woodchip trickling filter
SyStem ...................................................................................................................... 93
2-57. Changes of NH; -N removal with time by the woodchip trickling
fﬂter System ............................................................................................................. 94
2-58. Changes of NO. -N removal with time by the woodchip trickling
filter System ............................................................................................................. 95
2-59. Changes of NOs -N removal with time by the woodchip trickling
ﬁlter System ............................................................................................................. 96
2-60. Changes of T-N removal with time by the woodchip trickling filter
System ...................................................................................................................... 96
2-61. Changes of T-P removal with time by the woodchip trickling filter
SyStem ...................................................................................................................... 97
2_62 Changes Of ORP ................................................................................................... 98
2-63. BOD removal rate at each process by the woodchip trickling filter
SyStem ...................................................................................................................... 99
2-64. COD removal rate at each process by the woodchip trickling filter
SYStem .................................................................................................................... 100
2-65. SS removal rate at each process by the woodchip trickling filter
System .................................................................................................................... 101
2-66. T-N removal rate at each process by the woodchip trickling filter
Systel’l’l .................................................................................................................... 101
2-67. T-P removal rate at each process by the woodchip trickling filter
System .................................................................................................................... 102
2-68. BOD5/COD.;: at each process by the woodchip trickling filter system
................................................................................................................................. 103

2-69. Changes of NH,; -N average removal with recirculation by the
WOOdChip tl’lehl’lg fllter SYStem. ................................................................. 107
2-70. Changes of NH,"-N average removal efficiency with recirculation by
the WOOdChiD tl’lckhng fllter SyStem ........................................................... 10’7
2-71. Changes of NO; -N average removal with recirculation by the

WOOdChiD trlellng fllter System ................................................................. 108

= XXVii —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

2-72. Changes of NOs -N average removal with recirculation by the

woodchip trickling filter SYStEIM s et 108
2-73. Changes of T-N average removal with recirculation by the woodchip

triCKIING fIlLEr SYSEEM wweeesessessesssssssssssississitsiistib s 109
2-74. Changes of T-N average removal efficiency with recirculation by

the woodchip trickling filter SYStEIm s ssesessesssmsssinsisitisintisisisiiiines 110
2-75. Changes of T-P average removal with recirculation by the woodchip

tHICKIING FIlLEr SYSTEIML woereressessrssssssssssissisissisiitiit s 110
2-76. Changes of T-P average removal efficiency with by the woodchip

triCKIING fIlLEr SYSEEM wweeesessessesesssssssssissisisisitstiss s 111
2=-77. Changes of PO, -P average removal with recirculation by the

wWoodchip trickling filter SYSLEMm s e rssressmtsitsiiitisisisiiiise 111
2-78. Changes of POs -P average removal efficiency with recirculation by

the woodchip trickling filter SYStEIM s seeesssmsmsmsisiisiisiiiiiiisiiisiias 112
2-79. Changes of SS average removal with recirculation by the woodchip

trickhng fllter SyStem ....................................................................................... 112
2-80. Changes of SS average removal efficiency with recirculation by the

WOOdChiD tl’lehl’lg flltel’ System ................................................................... 113
2_81 BODl'?_*a‘]_oﬂ ]’L}% 9_0&]%;&] Zﬂ7ﬁ§_‘% ............................................................... 113
2-82. C/NH|0| WE QAT A 7] T rorerrerrrrersrmerserisesisessiessesie i 114
2_83 Nitrogen Circulation ........................................................................................... 115
2_84 Simulation Of nitriﬁcation ................................................................................ 117
2_85 Changes Of Entropy .......................................................................................... 119
2-86. %@Zﬂ LE,_o:]oﬂ 9] :l. &IJL:_Q_ CODwun Zﬂﬂ ....................................................... 121
2-87. L& FUTE, A7t =2 DHQ], AT O] BB e 124
3=1. BHTFA] AT Y] FJAF e 140
3-2. B9 AFoatzo| A AMF 3 BHUA Q] FAF e 141
3-3. B3 Mg azo A AFH 3 BHGA QY FHAF e 142
3-4. %%%jﬂo %%7&-5_ /\]gj .................................................................................... 144
3-5. @%xﬂgz\] ‘37]9]. cg—i,-—%l-}_ A]ﬁdz}g ................................................................ 145
3-6. A1, A2 BA A5 A2 AT T e 146
3-7. 2 G0LA] X A Qb A] B A F AFH] e 146
3_8' qu' v_\E{j\%‘j /%_]-3,\_031}6]-}« )2)]-1‘;]___‘1_?_% }\]—‘EJ—;-(H‘ZAE ........................................................ 147
3-9. AAGHIEE OFZTF T Z T} e 149

= Xxviii —



150

;Q %I-;zﬂgl SEM 751]_

b

]

I
=

Fig. 3-10.
Fig. 3-11.
Fig. 3-12.

150
151
-151

]

i

Ll
=

153

—_—

154
155
156
- 157

—_— — —

—_—

A1
Fig. 3-20. A2

Fig. 3-19.
Fig. 4-1.

159

") 7 AR e

go A4d

d A

=zt

167

A g4

=

=]

168

168
169

Fig. 4-4. A

169

170

170
173

Fig. 4-7. =95 ZYT] B AFGET] e

174

175

176

A

Fig. 4-10.

176
177

Fig. 4-12. Ao zo] 5371

Fig. 4-13. ¥u] %

<178

178

179

180

180
181

Fig. 4-18.

182

182

183

= XXX



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

4-24. HZ= ZFA| ]S AR o 183
4=25. FZZm HJZTL ettt 184
4-29. AAg Aoz HHF ofdE(Woodchip Bio—filter) s 185
4-27. A A} Az Wy s B 29 3 A A] e 186
4-98. %ﬂ-hg_z]: ﬂﬂ%‘;g ........................................................................................... 187
4=29. AFGOd A ] 2 0] B THA errererreenn e 188
4_80 Z 1:4 %FL] ............................................................................................................... 190
431, H T BB I rerererererretee 190
4-32. A% AZEOIAF T A 2B T T T A e 191
4-41. Changes of SS removal of Trickling system by wood chip in animal
Slurry ...................................................................................................................... 193
4-34. Changes of BOD removal of Trickling system by wood chip in - 194
animal Shlrry ........................................................................................................ 194
4-35. Changes of COD removal of Trickling system by wood chip in
animal Slurry ........................................................................................................ 195
4-36. Changes of T-N removal of Trickling system by wood chip in
animal Slurry ........................................................................................................ 196
4-37. Changes of NHy-N removal of Trickling system by wood chip in
animal Shlrry ........................................................................................................ 197
4-38. Changes of NO3-N removal of Trickling system by wood chip in
animal Slurry ........................................................................................................ 198
4-39. Changes of T-P removal of Trickling system by wood chip in animal
Slurry ...................................................................................................................... 199
4-40. SS removal rate at each process by trickling system in animal ---- 200
Slurry ...................................................................................................................... 200
4-41. BODs removal rate at each process by trickling system in animal 201
Slurry ...................................................................................................................... 201
4-42. COD. removal rate at each process by trickling system in animal
Slurry ...................................................................................................................... 201
4-43. T-N removal rate at each process by trickling system in animal
Slurry ...................................................................................................................... 202
4-44. NH4~N removal rate at each process by trickling system in animal
Slurry ...................................................................................................................... 203
4-45. NOs-N rate at each process by trickling system in animal slurry -« 203

- XXX —



Fig. 4-46. T-P removal rate at each process by trickling system in animal

...................................................................................................................... 204
Fig., 5-1. AP Q G0] AT A crererererrertss sttt 212
Fig. 5-2. AELZ,:oqQLoﬂ/\{g] pH %Q_ ...................................................................................... 213
Fig. 5-3. Ao Abol| A 2] BOD HIB| ceeeeeettntininiiitttt e 214
Fig. 5-4. }é}—/FOE]%LOﬂHQ COD %ﬂ ................................................................................... 215
Fig. 5-5. AR AFO A 9] ST HH B} ceeerennnnn 216
Fig. 5-6. Ao AFol| A 0] T =N BH S| coerererrrseseiiiti e 217
Fig. 5-7. }é}—/FOE]%LOﬂHQ T-P t‘ﬂi} .................................................................................... 218

— XXXi —



Section 1.

Section 2.

CONTENTS

Chapter 1. INtrOAUCLION s 1
ReSEarch BACK@IOUI «---eeeerseessssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssseeees 1
ObjeCtiVeS ................................................................................................................... 3
COMLEIIES ATIA SOOI #++ersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 7

Section 3.

Chapter

Section 1.
Section 2.
Section 3.
Section 4.
Section 5.

Section 6.

2. Treatment of Rural Sewage by Trickling Filter

System Using WoOdChip e 9
LI OAUCTIOLL +rreeeeeesssseeeeeesssssssssseessssssssssssesessssssssssssessesssssssssasassssssssssssssssssessesssnnas 9
ROSEALCH REVIET ++rreeeeessssssseeeessssssssmmeesssssesssnaesesssssssssssassssssssssssasssssssssssssnnsseees 11
MALEEALS ANA IEHROAS ++eerrreressssssseereessssssssmmsessssssssssmsmessssssssssssaesessssssssssnseeees 29
ROSULES reeeeeeeessssssseesesesssssssssaasesessesssssssssse e ssssessssssaeee s esssssssssssaesesssssssssssssaesseees 54
CONCILLSION +++++rreeeeesssssseeesssssssssaeseeesssssssss s sssssssss s sssses s ssssssssssesssssssssssnnas 132
ROFEIEIICE +++rrreesessssmsseeessssssssssmesesesssesssss e sssss s sssss e ssssssssssesssssssssssnnas 134

Chapter 3. Characteristics of Woodchip Media and Microbes ‘139

Section 1.
Section 2.
Section 3.
Section 4.

Section b.

Chapter

Section 1.
Section 2.

Section 3.

. 139
Materals and MEthods - 139
RESUIES s 149
COMEHISION s 162
REEIENICE v 164

4. Treatment of Animal slurry by Trickling Filter

System Using WOoOAChID s 165
TIELOAUCHIOLL +++evs+eeesseeessrreessreessmemasmeessseessssssssesesssesessessssesesesessesessesessesesseseees 165
IVLELROLS ++++eeesseeeessesemsseemsssecesssesassessassesessaeses e 166
RESUIES +++eeeeseeeessreeesssnessssneessssessasseessssessessesses s essesesseessssesees st sessesessnes 189

— XXxii —



Section 4.

Section 5.

Chapter

Section 1.
Section 2.
Section 3.
Section 4.

Section b.

COnCluSiOn .............................................................................................................. 209

Reference ................................................................................................................ 210

5. Treatment of Animal Wastewater by by Trickling

Filter System Using Woodchip - 211
Introduction ............................................................................................................ 211
MAtrials And MEthods « s wsseresseeeesreeessmecessmeresmerssssesesessssessssnesessesssscsesenes 211
RESUIES +++eeeeseeeessseeesssnseseeessssesaesseeesssessessessse s esae e sses e esieees 213
Conclusion .............................................................................................................. 220
RELEIEICE rvsseeveseresssersssnesssntessessssseessseesases s ese st 221

= Xxxiii —



W
mﬂ&o@z
mfmﬂﬁ_a
aﬂgzm o
ﬂnOU_églUﬁ ﬂmOOyy
< ™ %6.4%
Ll.,‘mﬂu\m._v@% mgooﬁﬁdﬂ
p/ﬁ * ATmUa N
Jo ol <P W - Mo B = "
ﬂ%ﬁoﬂ ﬁ&mW?D. t
Eo_zrcﬂb‘m.u OleMO“JﬂM%MH M\m.w
@_wgg ;oo,gwﬁﬂ;ow mmﬂ
z higs ksié} J 5 ¢ o
B Eﬁif I
. — j - - = <
uoﬁ_;fmw %meiéu mw.mauﬂ ﬂﬂi
_@@u%1 z ega_c S o ¥ T
lo ef,%g.io#ﬂ} @,_n 1mﬂL )
ﬂg7ﬂe _}&% o o AO@ﬂ z41 B
X N R o | _ g 5= = Q o
?AToé L N Jﬁﬁ n%nSq.J ~ X
ﬁhﬂﬂ; W%J_Algomzlt7 ﬂotﬂlﬂfoﬂ %y;&u ZZE
wA\__|o R ﬂ?ﬂ_OIHTZO\WEL. ﬂoxﬁﬁdﬂ Mﬂ_AAH ﬂ_ol.h
<L 4ﬂ}%¢¢% %@mm @mh 5
Miuﬂ ﬂ:ngoE:T &Hioe %D,v =
72&5. o_uoéq%@%evwﬂdnmﬂ@imx ZWOM Em%
?cowmﬂﬁprGwohAxﬂ;wm C%.é%
Mﬂ‘waoiﬂL‘lorA.._ ,.m,_u]ﬂﬂoo»@J]EO J.ﬁQM_L\dIﬂAE]M
LL11|4 r 9 oA QﬁL J&EAl X
iy w5 = M o 9 w L e Uo 5o | ® )
o) &oatﬁ]]d]u] Lio ﬂDIE._ ,_,Urﬂ_/ﬂXooW_z,f
o QOeAﬂoAﬁae ,A# 1:]4,19._ H
:marq_dg @ﬂ%ﬂ ,xa,T: OMO4 M
,_H Z.]Ll‘mh ) Jl;o < o r _Llj.,_
ﬂpuﬁdLMmExod.u@AzTﬂovmﬂﬁ EW%kMOf
UrﬂqEAé#;wauw%M;& " ) vo)g%
ﬂfﬂoﬂﬁof»mox¢eo%aﬂgé ﬂo£m1§7
oTﬂﬂZ,f?@mmH:th.ﬁ wwang ﬂiﬁu#ﬂﬂeﬂ
gﬁ}igﬂoooﬂyanv%pifm iﬂizaﬂ
ﬂﬂ]r% xwax_w,ﬂﬁ (3 rq_o;é.u % ol »
ziuwmﬂ‘:ﬁeﬂu%p_AwadEUrﬂeﬁ oﬁikﬂrﬂ_zf
L,qﬁm T uxAT£1no]mo %%Vo@u o
éuuu HEEEM.Q ﬁxx ) %4035%
I;H iofi
MZMO.w__/leﬂfﬂrﬂ ozﬁXo wu,:ioutﬂeﬂu
oﬂﬂbiwgﬂrixﬂow ol_ﬂurmoi
ZﬂATmEmeiog ofmmo H‘xﬂ :
qo;ﬂ ﬂxméﬂoﬁ 141@\?}?
oy T B Ho o o o =0 sy %
dmﬂ_dﬁﬂ% fﬂlxmﬂ Yo
a%mw Wﬁaio%wﬂ
o ﬁiiﬁ
S]).ﬂﬁﬁﬂ T
> ™ oy ) M.E Ho L_Mr En
1110 } oHo
o< AT,OLHNIJI
LD
urmn
il
o



ﬁo
o
o)

N
Ho

o

o))
A

—

[hS

ajo
el

B
=0

3|
s

A=l

Recycling reuse system ©]o]of

2l

-

)
T
N
Ho

et i g 3k 2

pu
R

A efoll A A5

()

—

=y

el
=0

ol 7}

o

o))

g HAEE AZE $HA

[©)
-

e e e

)

N

el

1o} o] 7]

el

AgLo]

oo

jo]

p=2
o

At A

o

s

)

sZ

te)
"
]

g HyH o]

2]t

A

s

Aol sy, bz o)

—

o, FARY T ole 9 AT

=
=

Al
Bk

5

FRIA] A1A) AL o]

£ a5

Al

1

;OL

o, weha ol

o w2

o)
A

A Aol BE ool

2

o Thakal A A

X
_Z.f

o

=)

o

)

7}

=
[¢)

24l

=
K3

AEAA F el

o

5

A

A A A (nitrate) o] AEIE &

22

=1
=

(ammonia/ammonium), °F&AH4 2 A (nitrite)

F< (phosphate) ] &

o A
1= -

7] ¢l (organic phosphate),

o))



gt

H2 &)

BAAAZRY TAEY, O %

1

o i,

=
=

W, Abgtolut 7}

P

el
BH

~o

3

o

&+

—_—

w
—_

Ho
)

&

o] mAel¥ 3}

oF7] Al

o
o =

RENEEE

A

G, wE A AR o

F7el e
94

] §-9)

uel of

=0

=
=

Al

=]
fLE

o =
T o

3}
sl

bRl

3]
T

1L
N

dstaL 74

o} %

)

ol
mJ
el
o
o
e

BAR

"0

Nlo
=K
"

mr

A24d AT+

2 Al Wwarh Ak FA4 3 H o

o]
X0
.50

1AL

ilin
{

)
ca
o
ey

\_n_ﬁmo

o

el
iz

ze)

4
x

)

)

N
Nlo
H
EO
A
_ZT.C
oF
Nd
o

uie)

X

R

=

ToR

o

atof

Ea
==

7

KeX
=

3} 31 A} (eutrophication)

ol w4

3

sk,

A2l &

&4

12l 3 A2 A F7HAR UFo] AE

o}

Ny

R

+
ol
syl

()

)

Aol wket A 2]
= AYrle 59

3

- =
O

4 Az gAne A

[oig
]
A7k ulas Aol

bt s

3|

e
j

Al | A S5

S

CEBED

2=
=

<=
=

AHE dd

At o

e R EA

Qe A Ael ol

L
R

[e3}
A

M

e

Gt
B

cel

H



o

)=
RN

H71 o

EREE

ol dl
A= | =

i

k]
pd

H, frA @7 o2

=

Aol o

7k ol
_PT_

of YRR Al
el e Tz

ol
S

FHAAZL A

IR

3

CEEERE R ES
AR wAg ] Hon ol

kil

uie)

o7

A

o))

Ho

—

K
ar

A

el
i

ol

]

H

e

=
=

24 21 SRT

o

o gl A

==
°©

Eonen

Hlelol 5wt e

ak
h

3

71 X

ol

B §-o] =31,

R ERIEE

@ gz Az

o

L

R

4285

TE= Al
goll A 7+

3L
[e)
A

i

k]
gl

¢

=

el
_?4
H AEwES F7] 58 o] &3lo] B©Ehal7)

1
3}

°©

pul

=

=

ol wheh v
7]

=
i

o

=

=
T

34 o A (media)
AR A Al 2"l A AFEE a1 9l E mediat™
4 -8-A

A
A

HA 2
] 2ol

th3t %9 media®t media
A

A4 = mediag]
HE2 2 media® AP AELS o] &

o},

©

ol
-
e

olete] A=A Aefgrgol vl

e

’

=

AdA © 2 media®Z 9]
=

b

media®l] ¥t}

T o A
(e}
media®] H|3E

-

o]
media

A
of

zel

~X

i
~+

o
BAR
e

Bo

o))
!

AggoER A

=

7 Al

media

2ol AAdE 37 F AR YEEH

1

=



b 2ol A

o))

=
=

&

A=
=

5]

0]

=
=1

at717F ol A gl whet

S

o H=

)

o

i

B

24l
HA A

)
=

<

=

}

171 <]

pud

TIEEE

9

HAE o] diEl Ht
Al

o o Aol h

1
=

L.

o

A= Az N

A glol o] 84

2~
T

=
T

1+

<
=

o
25

o] Aj €]
2] 2 A

w47}

]‘
Al
=

O]
pad

A

R

HAZE dok. whebA,

pul

O~
=

o} 7]

=
°

]
=
T

71l

2] AvE A7)E MR A vAHe] SEBR o Fozl v

1 %

9

A A

AAF AR A

=
=

KeX
T

fi%e)

B
el
<
o))
R
o

Aol o

Ho

o))
A

mR

227}

4

7S
fals

o
R

#14
W, &eA WAl A,

2

=

=

a}of
A &

]
]

S R E=L S Bl

a5
o] aw, fAu7}

q

d

3

AR el St
[e)

fu
L.

FRlel glvh 2y 71ES Yoy Ade AR

tel o

i

k]
pd

©

+

Aol A

A2 7b ol f-efukekel 2 AAE o]
Wz o

=

27 gol
A A

s
a

9

el

it

—_

o

EIREERE

°©

3 AAAA(EAZ A

fLe

= /pg \=]

=

o o

=

[}

SR

=
=

’

%

A
ax



3T
5
SR

]
]

2 uhetel] Hla

o
-+

<k

Al 2

1

o &t

I

o
tol Ao Aged &

S

%

al

B

ﬁo
o

Els

82 9

o Aol

!

AR B

)

a3

&

ToR
ﬂmo
<

ol

2ol

X
"

=

file)

fusel

2)
el
T

24 e AA 5

3

g 9

A 2]

Aol AE 19 1-139 o] &

T

= o

EA Gl A #H 7] =

ol &

she] B2

st

¢+
~ | of
o | o
3R | RO
of | <
_ZT'
=
o B
| =T
B | W
~
N

)
a
Y

oy
T ok

-
N o
X° =
- A=
5 i
iy Ao

olo

st sol thA st A

o ¥

ol

ATt A



Aol
el &

-
it

3 AR

/1]

o oA

T
A

=2
A=}
;‘(_L]

<

A
ol A 2]
], @

=

il

}_

s

o]
1l

i

BRER
A

I

L=
ul
=

= A, PVC
[e)

sl A

SENs

S

3T

il ol A2l

o]

LS|
LR
o

=]
, pilot plant A A

shel 4
sl 4

)

S

%

sl frlel ¥

o

FoldERAA A

3714 HAER o]Fojx =
A ((wood chip)o.Z A

pu
R

]_

gy

A

I
=

L

K
oF
n
K

—

w
=0

%
;ATV
!

oo

el
Bl

B

Hr

o

oo

el
Bl

B

Hr

— oA

Gl

N

<0

¢+
<

B

B

Hr

)
=

W

Al

s

A5} W)

PR

pul

2] 3l

=

B

4 3}

ol A7) &

1l

3

Ay2

=i

=

—

A

- 4AR A A 7

N
22

L
HO
el

N

</

o}

513
=

A2 7le 7N

B4
A %

)
=

o] A=

- 1,500 X pilot plant Al

- pilot plant A %], A&

</



4) =AY 3 FAF 44
- 1,500 X pilot plant Al
Q_aoko

- wdEzd o 32 A98

1&3te] w7} u

=

- 71& 7



|

A= 21479

T

21

al

94

5
R

2

A

o~
T

DEHME JEHE
o9 o

H1E ME
_/l‘_

woE AR R e T oo W 8 B FE o)) e
— ; =n
EM TR Ewmp T kz FoRmkA
Yk STl xagwg
2 © T B g BT o T ogs A oor
A iRy FE 0% R A o = = Mo
L ~ AN o o/
o o % D CONAR ~
® R R R = o - T 5 JJ W
o o & W TR owFRogy
Moy oW o Moo woer A ° oy g T
= W U
< BNy o R b E 2 o= %oy
M oo = N T % om 2N o T
Tdds® Lizorr: =TI
0 .
%cv_o% & Mo Ho o omk = o
_— I T S T o o W
TR LT Eeox g X og M
rEe Ty T HES o
P oo T OB oy ow BT mm;iow
o . | N = — = of
LEE T E TETEPa o X AW
—~ of 3 = Mo B Ho X
TG W X ~X N of =H N o Mi
T HE W s iva.%egﬂ.% ATMW@ %
Taex 8 FTEL ¥ ®»5e
Trzes TETePE T W
M. o R - ﬂ_rm, - X N pyllo . = K Mo N
w T RO %o B (Mo RV M/.m ! uﬂ% T
T w e ©EE oy B do = T X
of B oy W X b= ww W MM_ Wy o 3%
— — o] = ! 20 s T
Tt a5z
H N g B o 2 W — K % @ ¢ F
—_— AT — — < AT 3 P ﬂ n E.t
m) T R K I | B
=T gl T el plo = <o o X .KJ w 5 of x T
o @M%mﬁw i,%ﬂmww% %ﬁﬁaﬁw ﬂ,mﬂm
iy do T 8o . Ho A=
woN o omsz S a o T oo & T S dmﬁ
Tl gy AW e L B FFF
W om0 X o= N
G o K oW < ok CONEEY w
L S S W w o o ™ o T o of

3 A A

3

dolu} 542 MR /8

ol they

%

5

©

E

Aol 5

T -

Jou, nAeE e dEdol

©

A=

o

o1& ol

bt B2

28] &

al Atk uhEbA



2]

stol 2

| ] 3}

o))
X
A
oF
-

)

+el

S

-AgesE Ay At

.

i

o
r

X
N

el

&

@_

FRA AR A o]

9

a2

=

=

A

i

O]
pad

2] B wof

vl
=

2] utetel

[e]

o
o} werd, ol

™, A7} ol

=

R

=
=

A

]

o u}

[e]

<
T

Aol w2t A 2

=
T

N

R

+
ol
syl

B

S

12171 <9

&

] FEwe
et Aol e ol

U7} shete A7

S Ao
of Az

AR Al o] A=l
o] A

ol 4y

uie)

o7

A

o))

Ho

—

R
ar

A

i

k]
pl

[¢)

o]ﬁ_

=

=

=]

e Ql7] wiE

9

alo] Y53 Atk 2¥ 2R o] A (media)

Al
2]

=

=y

Eonen

o O

FozH

3

A

;é!

"

EI R

==
=

]

= =]
= °

§ # o,

9]

off ]

2ol

Ho

3l

Kl

ST
o

e

]
&

fLN

Ag A=

=

=

of oA

o

3 e W

Q=
o}~ E

a

97w A, FAM 7}

s, 1997; 3% &, 1995)

=

=

<
=

R
+o]
}\]EHZJ

LS|
=1, =

[e]
T

©

1

3l
7}

Al

1

s 4

S

=
L

[e]

=

_10_

1o

]2l Al wel W]

&

F

kel
o

Fol sl A AR

(woodchip) 2. & thA]

- 3}

A}
=

<]
H

3

1l

i
=

Ao 2 Yl (dE-4 1987, 8-, 1994;
Ao M= &

X

0 ATEAe Folvh weld #7 wdd o

A Qoo AA T

pu
R



H2E AFAL
1. & A3

7} A% oy 53

Apolge b e edFAeEoR 1839 oA A AsE A o

A g AAA Hw, 1970 v A 52 )

A Ao} wEel Az olelx Sus AR FAUALE

sotd abshe] ol% f7lea AAS Azt Aaksie] o @
1

obuold Ax AAZ 93 A - TH7 Ao AT

2
2
X
A
it
>~
i
Jl

of
oL
°
N
I~
g

,

4

o2
™

N

S 8 et Aol

A7 Fiol 7l shARE 5718 FASAMWETTHLRE ERETh 71 EAA
c2dY e FAEHAEY Zon, vvt g o] i, nAES A} ki
ol g2, o] mEbA wgH el Nk ko FxE gat Aoy o
Aoz AHelE ¢Zo] BODS SSol oA 20~40mg/ ¢ Q) Aoz dH A Qo
YR ol Img/

HA e 7lere =AY 7HA 7Hsstel BOD9F SS+ 10mg/ 4 ol st =,
voltE wWEd F e e duAlh

Aol 3 AANE AR G oA A% AeFA, o g HeAA, a9
PR PR o Ry Axd HFE oAAtelE
¥ FAE nYE



=
=

2o oA Abel

o,

Aol bko Qlth(Sarner, 1980; Harrison, 1987).

B
)

o]

—
1o

-
"
Tor

(s

o)
:AO

&

W

22|

N

(intermediate rate),

el
R
A

(-
_ZT.C
oF

!

A

bl o)

3|

o F=vF A W

Tor

s

o

A e]g A ol

0] =
AR -

I~
T

fsid
=

]

[e]
L%

}od

(siphon)°ll 2] 3]

il

Dz

HI} 29 Apo]

of Ae Adgofdeld oA & 06~1.2melMx

!

N

N

lg ok o

2

[e]
G

% o]

=
T

[y

e

ol

nitrate FEZ 4H3A1 7= F

3

1o},

=
L

=
K3

2 FAsol ek AArsh 4ol

=]
=

s A

=
T

= oA

o} ol M

P2 A,

o)

ojp

o))

17h 2w, Zol7} o

=
Zj“ro

13
of

Hrh 4

oj
oY

o 17

5=

o] Aol Al d o) It (WPCF, 1977, Metcalf et. al., 1991).

ujgo] Z A8
Aol ik, ey, A9

+

H,

ro
Aol 2k

A 2

45

1
.

s

A3 WA ol sl

)
[6)

7}

|

o

1, o37de]l =8 ponding @] dojd

o

7 ol Ay

o

Aol A= o] Al

=
T

o. 144y F

o)
=)

g3

o5

_12_



e o
(o fob A
g =g
o o WE
o ® N to
w0
O
=Y N
ol =
o &
o =
rl
ol N
DY
5
5
5=
9 e
i
anl H—I
“ Y
rﬂ>~ _m
o
o
230
o
o N
KR
my &
(o] Do
— O
w =
@)
-
Y
X
I
r
2
fi

1
3

24 = vk A= s 2AEHA 4 Fd Aol= vA

ax

G4 Sl gtk Ze 94, AW D gl BHEAAY F S v
Sl 1A Ewele] Hito] Au FHA AR Ao 727 Ak A9 weh i
4 e Qe 340 A% B wgwdA F8e AU ok ol d A &
A wEo] 19804 T FUHEE Aze AET ez Axud o Sgd N Be

GAE b2 E @458 A Y Alade] des AFA7I7] f8 oA AR S&
b oolge FHLE A 4 /M, Boh 2 MLSS %, W&z Fy 7
Joj So] Ao, o= X F7 FA LS
= A 5o] 9gth(Manem and Sanderson, 1996; Rittmann,
FAZFae Aeade A, dEdFY AAE A=
GAE ol &3t Aol AFHa e o FAE AEEE
A 3

A
4 s &b

3pA 2 U=
3¢ Wz —t'rﬁ]% =d F U3, FdFF 2 Hed sty EE g2
FE8] 2@ &8 A A o] H& o] 9t (Stephenson et al.,

1993; Iida and Teranishi, 1984; Tschui et al., 1994; Rogalla et al., 1992).

AETTAH 93k BOD 4AFst= 20M7] xo &AZ Apod S AlZte g 1960~1970
Ao A oo /g E AEH(biological towers)d 3| HAAELHEH (AL
W, rotating biological contactors) “&°¢] Az Abgro] el Eskeith 1980 T SR
1990 d th 27bA] Ao, AEH, dddasoe] dibdor AT dess tE
Mg 540w ddo gaAQ g5 MEHAT 33 H 7
of 43a AVIE Fevhrl 1980 el oM 27] AAle) Bk Al witel HEET)
stolbth

1980 o] S8k} 1990 thol]l 22 A2 A7) o] HESIARE ¥ 4%
ddde] A& ofdso] JEEHAH. Bioliteth= Feldtd HEJAES Ft 4o o
Amm=E B S Skal Utk o5 A4 oA 42 3me] A% 4

g 2
4 277} Jr%ff} qeu 43 5§ o3 £9F Yrhin o] HE Az
2~ [e)

o, wa, g A
] i

_13_



s o] A 2]o] & Q3 (Water Environment Federation, 1992).
Albertson(1989)2 &o] 4ol AEZEE FUH= A HQ WA &2 4
=2 ol A ZIthar AetaEtar ¢lth. Albertsone 3| K A7 o £ E =3
(pulsing)2] F&l&4 H3E wEW o] WEart gae FUAA &
S WA F o, Ade WerasE A7) 9ste] Ml H A E(flushing intensity) 7} 0.
]

1~05 m/Z3d Wele 9%, BOD7F oW & ZFEE FojoF dhrta Alekslar gk

Ascl el 714 29249 A7 7] 2Hmechanism)E 2 FHD AU Fy
o AA 7123 FAsTh
A2 E 2 (bio-film) & 24 9.1 VH vl eg Wl (media)ol 3 FAH
Qo] ojste] o]TojA HPor HEA EHel AHE ATHL o] gt
=

o
F= 3—__1 I At (bacteria), i (fungi), HASE
]

EA k= shvke] AeAlolH o]F Alto

ot
ot
i
S

(protozoa), $4Y & & (metazoa)©
LAEA A Fad Ao U AEuell A= Alttol 7HE weol EAst
H oo]l5e FE ALAE o8 714 gAhsES gavtA BE AT
o olE5x F714 ©@AsgEe] &l
, = S ZAFo A Yo A
A 9] WA Es 7HAA 7t (Kriton et al., 1980).
dgol el mAESAgA f71E 2 Ve R AEEHE UE
HARE oA xS mAgEY
2 " Jo= /A4 &
¢ Ao g kel HlEte] ARG S o
A7 87F Hol WAl A4 55 EAAIIVIE Sdoh(Jank et al., 1973).
FAHE Ao FAE A nAAE oste] A= BE 100~200um 4
= ] = 9 70~100um AEolH IFAE e %=
T2 Xt e AFole F oem ool He A= Atk deAYA 85 A=
ot = gy oR 1~2mm Aoy 374 T2 &3 01~0.2mmell E3&trh(Kriton

et al., 1930).
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Biofilm Wastewater
| <—|

BOD(Organic)

Media of 02 <—— Air
trickling CO2, NHjs, H20O
filter

Or

) Flow-below Ventilation
Anaerobic Aerobic

< or >
Faccultative

Fig. 2-1. Schematic removal principle of biological fixed—film in atrickling filter.

BOD On(Air)

Slime layer
(1-2mm)

Organic acid



2 48 A At Jang et al., 1973).
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Table 2-1. Kinds of trickling filter media

Porosity
(%)

Specific surface
area
(m’/m' volume)

volume)

Test weight
(kg/m’

Nominal
standards(mm)

Kinds of media

46

1440 60

25~175

Granite crushed

stone

49

65

1080

o0~75

Slag of melting

furnace
Plastic of bulk type

93~96

100~200

65

4080

94~97

80~200

35~60

Plastic of module

600x500x1000

type
Redwood module

70~80

150~175 40~50

1200x1200x500

100
75~80

120
120~240

500x500%500
35%x30x45

Absorptive biofilter

270

Woodchip*

: Metcalf and Eddy, 1979; Liptak, 1974; {li## %, 1982

Source

: Media for research (this value was measured.)

*
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ol gel AL Aol BAR vgEol ATES B F, F71% AA
9 5 F9eAFe e Rdzdel geuA AAGon xdskn, 1940
oA $EE 71 wge P4 HEF & 9t o4 Lo(mathematical
7 ; Bqaha, o)

2
Foh FPINE PPFUNE 24 5 QOB 1L AAREL WA

o] wAY &
o3t oA Fst=dlE oAgwol Ak o)Hg olf wliEol WFEE 74 (empirical
equation) & AH&3laL Ut

A A e Y= AAASE UFAP £ AAS BAUe2 24y
=

o
o

de 942 @7}5}04 e Ao] otk Adel % HAAAESS whEolEA o] <
TH7] A0 AFYH F2 AdsteE Agsted e fle]l A8&wo kot

o3 A A1 Aol = National Research Council(NRC)2, Velz2], Schulze?], Germain
2 Eckenfelder®] 2]l Galler®} Gotaas? o] Stk

NRC #21 "= ¢ National Research Councile] 194611 gt 2o = 743 Q
Ha b WA EaEo] 2tk NRC 3212 7] Aol A 9% rock media A4¢]
AREE A 486t e Zow oxjel 7]de

ox
o

First or Single stage ;

E, = L @2-1)
1+o.0085(71L F )12

Second stage ;

E,= 1 (2-2)
A (O
171X, E, = 1& o3 Ao A 9] BOD A7 &&(%)
E, - 26 Aol g3 FA A ¢ BOD A7 &&(%)

W, W, = BOD #3h&(Ib/day)
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V, V, = A& &4 (acre-ft)

F = AesAFeA $7149 Fike F= LLE
FEA T, F [(1+(1—P)R]?

P = 7t=A%, 2& 09

R = A <=3} (recirculated flow/plant influent flow)

AV% = o]y} Ake] 7}sl 71 BOD-3}& (Ib/acre—ft - day)

Lo

do AES P = 092 ARetel o 4EHL K14 AALEN £, FE 2 A

T3EE Y ES 123, SIS E YER™E o33 2t (Benefield et al., 1980).

V= 1.9674(10) - “QsﬂimRLL (25 (2-3)

A71AM, V = e &2 (m)

Q = 29 F4 = (m'/day)

S = frd#Fe 714 F%(mg BOD//¢)
E = AZd A 7714 AAE

R = Acds&

ol 4ES HW, BeF A FEHe §718 AALY AeHgo] AL wf F7]29
FEY TR 5 f71"E FeEed vEdnh NRC 342 5 AAE ASshs Aoy
e A48T  Jdov, HEHAR 580 & ARNE AL dFofideds A &st=rT
= FE7t Ak S, o] Al oo £288&A0] R Fol oo Fhrt.

Velz2 & 1948 Velz7lh o8] x50 oA A& 2 & ool hgh
BAAS AbstA=, T2 oo zlojd wWE #7] | A ol thste] arefetdie
o, fF71E AAY WS 13 g oE 7Y

Ly=L{* (2-4)
o71A, L, = #ol DA AA 7HsE BODs(mg/ ¢)
L, = %% BODs(mg/#)
k = 12} W34 (day )
D = o/ Zol(m)
TA8E VelzgA 2 2% JF3 FE59Y Acds ndsded 1 AS &2
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(2-5)

_dL.
dH kL
A (2-5)8 A EslH
L
L. _ 2-6
L kLH (2-6)
1714, L, = =5 BODs(mg/¢)
L, = #%% BODs(mg/¢)
k = AAE A
L = BODs ¥ %(mg/¥¢)
H = o4 Zel(m)
w259 Aeds ayste] & 1= st A sH
S.
Se= 1 =) @7
k20 * AS * D * 6
(R+1Dexpl —]—-R
(Q; - (R+1))
A7AM, S = AT FEF59 £ 778 s=(mg/ )
S;= Ao #dTd & f7lE F=(mg/4)
R = Al
D = oJAF zle](m)
Ag = o9 &u A (m)
B = LERAAF
n = A5 A
Q; = &4 #a(m'/m' - d)
Eckenfelder?] 2 19634 Eckenfelder’} =& mediao] A &3 4+ I+ 2S doy=
A Zo A Ao AEo| el f71E AAS 13 HHgS 23 deofids 539
2% A5 552 o] plug flow=E 7FA38I] Schulzedl ol o2 @l Zold
BOD AlA&S 718t ohg A& AUkt
%? =e (2-8)
714, Se = 34 FEF9 F BODs(mg/#)
Aol &= BODs(mg/ ?¢)
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K = #{-8$4%(1/day)
X = &4 vAE U(mg/l)
t = #HFe AR HEA7Hday )
w3+ Eckenfelder$} Barnhart:= o] A o] H|EW 2 J&S 1] 3}o]
C=Co(Ay)™ (2-9)

714, Ay = oA MERA(n/m) ol

Co®t me WAL gFo]l ¢l Rock Mediaol ek = °F 0.7~0.75% e
c}.

A@2-8)7 AH(2-9e Xeb A7k wlERa Hg sk

§Q _ . (=KCo Ay™D/QM (2-10)

S;
7F Han, ofafe] A ZolE Fste st wAERte] JgHta shgdstd 2(2-8)
=

Se _ g (Ko™ D/ (2-11)

S;
7 et

ti —J@ [VH +\51X1n\/§_fhh] (2-12)

= =20 (2-13)
o] 7] A, t; © A 7] ZH(min/day)
ty Z*(min/day)
I 2 (m'/day)
H2 ag Fsto] Q7F s=25dH A89E 5 (m)

A
Azl FHEA(m)

ts

A 7

fincs
ol
-_

=
_.9; o o

_21_



o~
T

A ZHhr), K =

=
=

(2-14)

H()—Hz(m)
Ay Azl ez A

=
1y

=

2]

kel
o]

A (m'/day), T = 54

=13
=

at7] faiA] o A3t

A5 ¥4~ 2 (Dosing  tank) 2

S

o
SE

=

)
T

=
0] o)
=

717 e =

T Hy) 2 A5 (H) e =}
<
# 2] <}
(bi-model) ] A|x®lo] A&Zeix e} 2 A=

7]

=

o] &4 (m)
A}

(F-rgp)r
&2 , Q =

Hol) o) st

©

’

=
=

oF
g

~

¢

<

"

7] A 2=glel o o

1o}

g 9o

1
.

]_

, 1993).
of, 4

=]
fLE

=

H71 o

°©

ShehE g

S

1 @ Zsfol 8

ol 4 e gk

=
=

]

7o
1

74

==

ERE IR
s %

S
fal
[e)
=

Ji

=N

3

XO
A5 A 2ol A}

] -

W 2] o

tee A &
[e)

1

E'\__
.
(Lazarova et al., 1994; Zahid, 1993).
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Table 2-3. Chemical element composition of wood

Compound C H O N Inorganicsm

% about 50 about 6 about 44 0.1 below 0.3

Table 2-4. Major ingredients ratio of wood

Items Cellulose Hemi cellulose Lignin
Conifer 40~ 45% 11~20% 27~30%
Broad-leaved tree 45~50% 15~20% 20~25%

Table 2-5. Chemical ingredients of wood(pine)

Drawing out matter CB  Holo—cel

Class Ash Cold Warm Alcohol- 1% cellulose lulose ngnln
water water benzone NaOH

Petosa

Content

(%) 043 34 4.6 3.1 135 1.7 83.7 264 159

Table 2-6. Characteristics of woods

Contraction Length
Tracheid Specific ratio(%6) Bending compressi Bending
Wood species  length ?avit R T strength on Young's
(mm) & y Ray .angent (kgf/cw') strength modulus
direction direction (kgt/cm)
Coulter’s g 050 282 741 77 495 99
pine
Pine 2.6 0.50 4.88 9.11 747 430 92
Dom Black
estic pine 2.9 0.54 4.39 8.33 995 571 127
Red wood 2.5 0.48 4.60 8.80 975 640 130
Cedar 2.5 0.45 2.53 7.96 612 374 -
Douglas 35 48 50 78 8™ - 128
Forel] Loblolly 56 51 43 7.4 900 - 126
on pine
Ponderosa 4y 549 33 6.3 661 - 91
pine
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S 4 9Jth Fourierd] 9lst™, @z Al Alguje] Ao 91X

X =
T(x), xtAx YA 2EE T(x+Ax)e} o &9 AIztg G A S St 9% Q

Q=k - AT =TEHI) (poyrier ¥3) (2-15)

t}
W kT ok7b Zrbsith ey 22
T+ A

Atole] w7t ] AA oW BE &4 ko] e AdAHom dAsit
Alge FA Ax 7F Ax—0 A w919 (2-15)42
_ . T =T -=TUx) dT 91
Q—kAIA‘;% T =—kA dx (2-16)

7 Ha dHEo] #3 Fourier W& Az v o},
B e lolA dAme] LE(T)= AZHpdl me WMHnE T-T(, b,
ﬂléf’ilioom. em7b Azkel wiel Walm BA o] dee] A= A4S AWE

WA Al o] Fourier-Biot 4]& th&-3 7t}

9 1 10T _
v T—i—kq—a ot (2-17)
53], BAZE el 998 2n A 2% ge] e Ay g
a ot

2
—4-1,-1db_.1.dL (2-19)

2 dg. 94 rol

2
&, o= (—LHk (L) 7 Aok
Hd, 9 (47zk)k1(4at (A,
T e% EEAE o gt AAEEE T3,

61_62 = T(I', tl)_T(OO, tl)_T(r, t2)+(oo, tz)
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*T(rt)T(rt)*( )I(J)

t
N — 2-2
47AT ln(t ) (2-20)
7 "ok 714, g 99 Aol 3 &9 A @S UERdt T A" A Y
o] 2EwWs ATE F3tal (2-20)2d tigdste] EHdEEE 73 F At o] AEAdHY

AEEZF 001~10 W/m - K A=l HlgSHAEed vig- 4243 gyolrk(o]qls}

1992; =l ss, WA —, 1987).

rlo

o

AstAl FAEHE o] 278 A (steady state) DB S .
e Z HollA o 2= Aol wel Weth A3 T e dR=

BE 9w Aol Zo(AERE T, 1984, A7 5, 1995 Holman, J. P. 1981).

3 tolo] &%=45 dTe std, 9o 3% W3 A= 2n

rLe]l "tk o7]A, r2 4% FAA S/ Agela, L2 o]z e] Holo|t}y 1

o
offt
oft
=
>
ol
o
1
)
Ll
[N
IS
ol
>~

dQ _ _, AdT _ o . dT -
& = KA k- 2mL- (2-21)
ob o]t} o7]A, ks dRAECIH. A ((2-2D)9] =

dQ  dr _ o dQ Rde _
o = 2mkLar ol G [ 27szf dT °lm=

a2 ln(J) ——27KL(T,—T,) 14

4Q  2akL(T,—Ty)
d  In(Ry/R))

oty o7]A, Ri2 AAT9 ¢ WHA, Ro2 AAF o g wbioln

(2-22)
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9, FHNEAQ Qe BFA77F 7h2 35em, MZ 3cm, FA 045cmel 3 AL
3 Felola, WAl 180m/m’, 35& 78%< HAFHES AHEsIA L, AT T F
Jom'ol k. oA Hol= AlE AHE AT FEE 20emitA oz 570 A A s8]
471 8mm of=2¥ o] 9t 6mm of=2d Fo]ZE g HA Y], ImmTE S
o] A zFslth. BOD £33} 1kg BOD/m' - day, £H A 5-3} 5m/m’ - day, =% ¥
AatAl A, Aed] 028 dto] FFHEZE AFESte] 20¢/d2 1 At
g g ol tigF i 75%, F71=(C, H, O, N) 225%, F7]&(P:05 KO, NaO,
MgO, CaO, SO3) 25%%5 &-frstal At} " golrt AAstal zHals A8t 98l A
o EA HA 9, g3 2o da ek @A A aea AlEe vE x4
o] HES Asy] Y3 94U "Rsty] wiEo(Alcamo, 1997; Alexander, 1971;
Davies et al, 1998; Madigan et al, 1997) & A3dA Fd#AF= 1 2-87 o] w
BeE Aol oA AT E whEolA AREEIY frrlEdors 2AH] 904% %
=F 372 2~ (CeHi120e), Sodium glutamate (CsHgOsNNa + H.0), Ammonium
acetate(CH;COONHy)E AM&3tla, Fr|Edozs 2AH 96%=2 e gol A %ol
AEA ARG AT

g |

,
-,
S

\J__.-

__/-'ff H‘H

- - -
am

!
i)
®

@, @ sampling hole @ rest net of woodchip @ effluent tap
® tap of strength site ® net rest (@ water—jacket inlet
water—jacket outlet (@ trickling filter @ tap for oxygen supply

Fig. 2-3. Schematic diagram & photograph of laboratory trickling filter unit.
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Table 2-8. Composition of the synthetic wastewater

L. o

Compound 10 ¢ d(igstgﬁeiln water C?&poggﬁilfjglzfzﬁczerm
Glucose 8.08g 65.70%
Sodium glutamate 1.32g 10.73%
CH3COONH4 1.72¢g 13.99%
MnSO4 - H20 0.05g 0.41%
MgS0O4 - TH20 0.16g 1.30%

NaCl 0.12¢g 0.98%
K2HPO4 0.44g 3.58%
KH2PO4 0.3g 2.44%

CaCl2 0.1g 0.81%

FeCl3 - 6H20 0.008g 0.06%

3. dF pilot Al2ge AFFX} A=A

7h Ao e dA

gtk Aol A AYAdE

Schulze?], Germain?]

AAe drodel AEwtelA f71EAASY A

aEgh FEA RS vET] ofgr] uitel o 2
A National Research Council(NRC)?2],
RO, 2 Aol A

, Eckenfelder?] % Galler & Gotaas?] 5 ©]

2o 44 5 olel &
2 733

=

£ 4% oA AT NRC 34& o §3te] BAY A5l gxd 4§t

= o9
AAE 90%,
= oA glalel Agah: B

N
A
o
%
ol
Lon
(L
e
fo

FHES 30m/day, F4¥Fe 71E 55 BOD 200mg/ ¢, ol/dellAe] 714
Qg gleS mEske] A (2-3)ol A 579m'e] o A&2 o] Qs NRC
of 7)) 9] H]ﬁ_gﬂ_?ﬂo] 34 o]/q—o] 3
WA o] 193m =4, NRC 7]l A getA Al 1 583 Aol dzo o

e (H

H
ggAol 22moli, Al 2 BUY Aol gze] o FEAo] 203m e A2

Az A A S
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doldel B&ed S A= IAbE oA Zolgt trx, YA 54, oA ¥

A sty xuRe @ erolng Agoids AAT o sty Rk, &
9 AFERE RS fF71E AAEZEd nyHojor & T

= (water layer)e] FAE FT7FA7]13, o

SHEAAS SR, =2 A

g5 T7HAA T3 AAEES FaA 77 witoelt), E

714 F9s dAsty] wied FAA "HolA F a6t

H(Rittmann, et al., 2001; Schulze, 1960). WA 82 F7]& Fapo] o3 FaFe
Eg9 F4=2 E u ofF JHAQ RAoeZ dHA AuH(Sarner, 1980; Yun, 1983). 4F
TS 25 gFo] Ava dH A Aot Banks et al.(1979) 2 U.S. EPA1971)el
ojatH Zgol wep HAg AA L A oete] 2w FEFS AL FAE ntaith
A BuxE vk 53] Sarner(1980)¢] °]st¥ Sweden #2 F AWolA = ¥ &
Aol Aot #488 AE&A71aL dtkal o

ot Yo BODE 1elste] i 2-95 E+o= a3t

Table 2-9. Trickle loading by influent BOD

Influent BOD  Organic loading BOD Surface loading Hydraulic Trickling

). 2. loading loading
(mg/ ¢ ) (kg BOD/m’' - d) (kg BOD/1,000m’ - d) (m/m - d) (ni/mr - d)

120 0.2 1.1 3.5 2.7
150 0.3 1.3 3.5 2.7
200 0.3 1.8 3.5 2.7

Sal7h UR BAU wow Aadg me 4ue g MR 47 oA, A oR
AFAYE] 72, FAAY e 5

n2 BODH-sh= 0.1~ O.Bkg/m" -dE 9A 2EF ¥ en, BOD xWEsE 05~45kg
BOD/1,000m’ - d, F&]8t4F-5l= 1.5~45m/m' - d, A+5F3= 1.0~35m/m - d HS ol
A AT ER, 2-1243 (2-19)48 o] gate] AAE A3k AEY1ZF Smin/day, F

s A e AAlA A e s wZel B A Aol



Z1717F 1,390min/day ©] 2.2, 25sec &9 243l 10min 59 FABIEE o, 4
stedko] AEAF o FEFRT F woEs AT ASEHI FYste gl HL A9

FAHES AANAHE 2-1D).

2) &Yool A~

o Arold FAL GRUA Hid dis B A4 fEFES A7 S8
g, d5Fe] dryoets Aikglteli= A5 g a4 4
pH, BOD¥® =0 <J38ks& Wrai(Sampayo, 1973), Z&t2€ oz A&
A Hgol 448 o 9T B FF FasE GAT £ o
30mg/ ¢ BODs$t 10~20mg/ ¢ NH, -Nel Al dief 90%2] Aitstes d& + i, o
wFH o2 gt Yol A A} FUEA AA 2 WMErt JFS T wiel AAAS
g AAsted v HEEs ol
BoAFME 9 NH-N $%E 10~100mg/ ¢ & B, Ry o} &2z
0.02~0.2kg NH; -N/m’ - d& 3ttt R uyel Wt 0.1~0.9kg NH, -N/1,000
m' - d& SFATHE 2-11).

= 2% 249 2ok 1A A 7' A~

High fluid 1st Woodchip
Flowrate C .
Influent — seperator — — | trickling filter | —
. controller

(Septic tank) reactor

1 Recirculation

i 2nd Woodchi
Aerobic tank @y ' p ond Settling
1st Settling — | trickling filter | — tank — Effluent
an
tank reactor

Fig. 2-4. Schematic flow diagram of pilot plant processes for sewage.
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Fig 2-5. Schematic diagram of Pilot plant

Fig. 2-6. Flow-Sheet of wood chip trickling system
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Fig. 2-7. Lay—Out of wood chip trickling system
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Fig. 2-8. P&ID of wood chip trickling system
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Fig 2-12. Z# 3 & o] &3 ¢3¢ Pilot plant A4
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AA 7S AAse] AF AAE £ 2-119 #Zo] stk

Table 2-10. Design item of trickling filter (Metcalf & Eddy, 1979)

Item Woodchip Standard Intermediate High rate
trickling filter trickling filter trickling filter trickling filter
Organic loading 0.1~05 0.08~032  024~048 0.32~1.0

(kg BOD/m' - d)

BOD Surface loading _ B B B
(kg BOD/1,000m - d) 05~45
Hydraulic loading _
(mz/mz . d) 15 45
Nitrogen loading _
(kg NH; -N/m' - d) 0.02~02

1~4 4~10 10~40

Nitrogen surface loading

(kg NH;N/1L000m - d) 01709 - - .

Filter depth(m) 15 ~ 25 1.5~3.0 1.25~25 1.0~2.0
Trickling form intermit intermit intermit continue

Recirculation ratio 05 ~ 3.0 0 0 05 ~ 3.0

Table 2-11. Pilot plant design

Parameters Standard design Design

Organic loadin
(keBOD/m - ) 0.1 ~ 05 0.3
BOD Surface loading
(kgBOD/1,000m’* - d)
Hydraulic loading
(m'/m’ - d)
Nitrogen loading _
(kNI -N/i - d) 0.02~0.2 0.1
Nitrogen surface loading 0.1~09
(kgNH, -N/1,000m’* - d) ’ ‘

Filter depth 1.5 ~ 25m 2.0m

05 ~ 45 2.8

15 ~ 45 35

0.6

trickling time : 25sec,

Trickling form intermit pause time : 10min

Air supply Natural circulation Natural circulation

recirculation ratio 05~3.0 0.5~3.0
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‘ Influent |
|

‘ Septic tank (1, 2, 3) |

> |

‘ Septic tank (4) |
|

‘ Anoxic flowrate control tank |

Recirculation !

‘ 1st Woodchip trickling filter reactor |

|
‘ 1st Settling tank |

l

‘ 2nd Woodchip trickling filter reactor |

!
‘ 2nd Settling tank |

l

‘ Effluent storage tank |

!
‘ Effluent |

Fig. 2-14. Schematic flow diagram of pilot plant treatment process.

| st Woadchip ) fl'!: Woadchip
Iricklimg fikar resc o frickineg fihar raachar

nl

Sefling tank  Efleant

Sedling tard

Seplic tank Howrale conirod
l&ink

Fig. 2-15. Flow-sheet of woodchip trickling filter system.
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AT/ F APEE B 4SS FAN/ A% 2L E 2129 2k
Table 2-12. Operating condition of pilot plant
Operating parameters Unit Operating condition
Flow rate m'/day 30
Influent BOD concentration. mg/ ¢ 180.8
Influent SS concentration. mg/ 137.8
Influent NH,'-N concentration. mg/ ¢ 65.8
Volume of trickling filter m' 435
Volume of woodchip trickling filter m' 37.8
Organic loading kg BOD/m' - d 0.3
BOD surface loading kg BOD/1,000m’ - d 2.8
Hydraulic loading m/m - d 35
Nitrogen volumetric loading kg NH, -N/m' - d 0.1
Nitrogen surface loading kg NH; -N/1,000m’ - d 0.6
Trickle loading m/m - d 2.7
Trickling time min/d 58
Air supply - none
Recirculation % none
Water temperature in winter T 8~12
203 Ao werle eEAL Foswel 19 30EelH, #9 BOD, SS,
NH, -N s%+= Z+7 180.8mg/ ¢, 137.8mg/ ¢, 65.8mg/ ¢ &7 3o Aotz &
F FHNFS 47 435m, 378m R sk e R Aoy vz fUlE
ey sty Belwke 2474 03 kg BOD/m' - d, 35 m/m' - dZ2A Metcalf &
Eddye} WPCF9] 7]e 93tH {715 H3gFe 5% dFoi Foss Rigde
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Table 2-13. Seasonal characteristics of influent

Range

Items(unit) (min ~max) Spring Summer Autumn  Winter Avg.
PH 72~8.1 7.6 7.6 75 7.3 7.5
Temp.(C) 10.7~23.5 156 22.0 179 13.3 172

BOD(mg/ ¢ ) 41.5~262.5 73.9 85.6 112.3 155.7 106.9

COD(mg/ ¢) 88.9~515.0 171.5 176.2 217.2 341.2 226.5

SS(mg/ ¢) 20~140 66.8 36.2 31.0 104.2 59.6
NH;-N(mg/#¢)  15.0~63.3 26.2 50.8 36.6 20.1 34.4
NO, -N(mg/ #) 0~0.4 0.2 0.2 0.1 0.1 0.1
NO; -N(mg/ #) 0~4 0.9 15 0.04 3.2 1.4

T-N(mg/ ¢) 19.9~726 34.6 56.4 41.1 27.1 39.8

T-P(mg/ ¢) 1.8~40 2.6 2.8 2.3 2.4 25

FY95 pHY A4, 7.2~819 WAAZA wAEe] S A} wkgolE T F o]
flom, A 254 pHe & ¥WE7t 8l

FYFe] S5E 107~235T9] WS vepdlo] nAEe] A% 75 258 YE
womn, ofFHol 220C=EA HuAE Hetllar, Aol 133CEA HAAE e

Hol, A= mAEe] 450 7tesittes AS & 5+ Utk

A& Ho= BODY FZ7 vl alH

° b 3
A Ve 9w, BA% o EAes §RAeFe] Fbskel 25k 84 5ol

COD9 4%, A7t 249 o] MY 889~515.0mg/ ¢ A=, A4 wx W
5l E B ] f5AE o] e AL HoE CODY %7 3412mg/l 2 HIA S
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S e AT

T-Ne| 4%, Azt 259 T-Ne| &&= U9l 199~726mg/ ¢ 2, A g% W3}
B o]Fdo] 564mg/4 2 H1AE JERAAL, ALHo] 27.0mg/ ¢ 2 AAAE e
WA

T-Po] A5, dzF 259 % UE 18~40mg// 2 AdE v% WstE & o
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CODo/T-N H& ¥ AgHe Hulx], 5] HxAE Yl &S & F AA
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ORP2] 7% -204.3~-79.2(3F -1384)nV= HEFSET)
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Table 2-14. Analysis methods

Items Analysis methods Test method
pH Direct measurement
Temperature Direct measurement
BOD5 Winkler-Sodium azide method
CODcr Potassium dichromate method
SS Glass fibers filtering method

Absorptiometric analysis

NH, -N (Indophenol method)
NO» N Absorptiometric analysis Standard method for
2 (Diazonation method) the examination of
water and
- Absorptiometric Analysis wastewater in Korea
NOs; -N : (2000. 1. 5 Bulletin
(Brusin method) 99-208)
T-N Ultraviolet absorptiometric analysis
(Koroleff's method)
T-p Absorptiometric analysis
(Deoxidation method of Ascobic acid)
PO4--P Absorptiometric analysis

(Deoxidation method Tin(Il) chloride)

_53_



A48 A3 & 1 F
1. 28 Y AAY 54
- EICEER-DRE LR
AE Arel gy AR &AL o A% ALY AW A A4, Fepad
%, 2
1

AE AgSAOL B BPelAE Fuldl AT Y AEF0E, 2
=

ek

of
off
¥ omx

N
frt
)
oH
p‘L
2
s
2
fr
e
ofo
i
o
fru
o
=)
oZ
e
o

Gold Coating) SEM AF{ls} o] 2@ ojAle] Ewel 4219, 543, 6244, 12
%A% 5o AFFES Bol AR Yk AL B 5 ow, oAEE 1 mago] o
AehA e W ohUe thE BEAw Quson YAYFon 7 WAL
o] FaL Qlth gk Ao AV|E 7FE 150~650mm, A2 75~200m=A thFE A7)
o 2Tl o) @5 A MAE AAFasE Frl PN e AA ol

Jl‘ﬂ l‘lr
-,
i
173
(2
HE

Holth, olele g4 WEel oA g ohe oAl WA 0 9R
A87)5S 23 otk mtebd SRl PRl AAst vlARe] dAAg S

el AFF(biosorption)2H§ Tl o F7l=d da -9 T 7714 Ldede

Fig. 2-17. SEM-photograph of woodchip surface.
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Table 2-15. Physical characteristics of woodchip media

Items Measurement value Items Measurement value
Specific surface Thermal
area” 120~240 conductivity 0.01~0.1
(m'/m’) (kcal/m - h - C)
True Spec1f1c Compressive
gravity” 1.38~1.74 strength 520~630
(g/cm) (kg/cri)
Apparent specific .
gravity” 0.48~0.52 Aver(aif) size 35%3%0.45
(g/c) ¢
Por(g/iﬁty 75~80 Forms parallelogram/oblong

* Characteristics after maintenance 24 hour in packing
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Table 2-16. Characteristic comparisons of woodchip

Moisture Water Bulk mass  Ash Electrical -
Items content absorption (@) ?) %) conductivity”™ pH"™
(%) rate (%) g © (m mho/cm)
Sawdust 27.1 265 185 0.48 56.1 6.3
Woodchip 20.2 96 240 0.29 571 6.1
Bark 24.1 61 56 3.12 6.1 5.7

* Water absorptance rate : Weight measurement after 24 hour in letting and after 24 hour in dipping

% pH and Electrical conductivity measured outlet-water
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Fig. 2-18. Schematic diagram of woodchip surface.
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Fig. 2-19. Photographic woodchip for sewage treatment.
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Fig. 2-20. Changes of COD with time by laboratory woodchip
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Fig. 2-21. Changes of COD removal efficiency with time by laboratory woodchip

trickling filter system.

Fig. 2-22. Photograph of slime layer.
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Fig. 2-23. Experimental apparatus of thermal conductivity.

Table 2-17. Thermal conductivity of media

Media Granite Plastic Woodchip
Thermal conductivity
(J/s-m - C) 1.93 0.32 0.09
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Table 2-18. Thermal flow flux in measure points

Measurement points 1 2 3 4 5 Avg.
Temperature T(T) 2031 2027 2052 2036 1954 20.20
AT of center(C) 0.22 0.25 0 0.16 0.98 0.32
Thermal flow flux(W) 0.035  0.020 - 0.013  0.188 0.062
243 exel PHFge ol§dtel YSEES AN Adst ¥ 2-18% Pk B
ASEEL 002WEA N2 FY FEN PR do] 552 & 5 o],
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Fig. 2-27. Changes of BOD removal with time by the wood chip trickling system.
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Fig. 2-40. BOD removal rate at each process by trickling filter system.
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Fig. 2-41. COD removal rate at each process by trickling filter system.
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Fig. 2-43. T-N removal rate at each process by trickling filter system.
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Fig. 2-44. T-P removal rate at each process by trickling filter system.
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Fig. 2-45. BODs/CODcr at each process by trickling filter system.
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Table 2-19. Removal rate of wood chip trickling filter system
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Fig. 2-52. Changes of pH with time by the woodchip trickling
filter system.
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Fig. 2-53. Changes of temperature with time by the woodchip trickling filter

system.
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Fig. 2-54. Changes of BOD removal with time by the woodchip trickling filter

system.

Table 2-20. BOD removal efficiency with time

Process 8. Mar. 22Mar. 12Apr. 10.May. 24.May. 7.Jun. 12.Jun. 19.Jun. 26.Jun. 10.Jul.

Anoxic tank 626 588 45 440  56.3 35.5 41.8 484 472 319

Trickling filter 820 673 750 800 851 84.3 81.0 T4 764 809
Effluent 983 975 932 960 977 92.6 92.4 935 931 926

Process 11.Sep.  17.Sep. 19.Sep. 21.Sep. 16. Nov. 30. Nov. 14. Dec. 28. Dec. 11. Jan. 15. Feh.

Anoxic tank 357 519 642 438 330 50.6 72.0 302 725 561

Trickling filter 827 929 961 797 566 95.9 96.8 844 982 933
Effluent 918 981 985 938 675 98.9 99.6 978 992 979
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Table 2-21. COD removal efficiency with time

Process 8 Mar. 22Mar. 12Apr. 10May. 24May.  7Jun.  12Jun.  19Jun.  26Jun.  10Jul
Anoxic tank 440 422 45 122 226 386 406 457 119 149
Trickling filter 68.1 674 553 640 736 796 699 603 636 665
Effluent 71.0 764 9592 849 937 902 88 802 8.7 820

Process 11Sep.  17Sep.  19Sep.  21.Sep. 16 Nov. 30. Nov. 14 Dec. 28 Dec. 1L Jan. 15 Feb.
Anoxic tank 115 538 668 306 404 580 767 41 678 40.1
Trickling filter 659 794 848 782 415 744 894 589 941 758
Effluent 846 8.0 8.0 816 616 773 904 649 943 783

u}. SS (Suspended Solid) A &

QL ol R{EAS Hasy) S RolFET SS9 W
Aot FFRARAE A7IER 2 HolE YER oY VAR ARE AR Fo
=SS F&7F A3 60mg/ ¢ 2 A5 dA e Age SSEEE FAS AT wme W
FadAs SS FX7F 0~18mg/ ¢ M 91E WERo] & AgAl2=qle SSHE el glolA

o 1
60.5%, HHFH AFddx 86.1%, WiFT M6%E =2 A eSS e
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Fig. 2-56. Changes of SS removal with time by the woodchip trickling filter

system.

Table 2-22. SS removal efficiency with time

Process 8 Mar. 22Mar. 12.Apr. 10May. 24May.  7.Jun. 12Jun.  19Jun.  26Jun.  10.Jul.
Anoxic tank 782 667 393 681 644 526 531 571 519 629
Trickling filter 88.6 720 759 872 932 842 781 837 815 857
Effluent 962 970 967 957 983 895 969 918 963 943
Process 11.Sep.  17.5ep.  19.Sep.  21.Sep. 16. Nov. 30. Nov. 14. Dec. 28 Dec. 11. Jan. 15. Feb.
Anoxic tank 457 486 469 419 00 763 714 250 833 333
Trickling filter 97.1 946 844 903 900 947 714 750 958 944
Effluent 100 100 969 9.8 900 954 871 750 983 983
vt A& (T-N, NHs'-N, NOz -N, NO3 -N) A
¥ 2-573% 2ol AT AV dmuokd A e AfeAdS AAUA Filo]
stolid=dl ol2ld A HHY Arod AL AAWUA Fids wge] & Aok
e & 5 gk HHF Aol Asxze] NO;-N s&m7F gopbd o5 £
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Fig. 2-57. Changes of NH; -N removal with time by the woodchip trickling filter

system.

Table 2-23. NH; -N removal efficiency with time

Process 8. Mar. 22.Mar. 12.Apr. 10.May. 24.May. 7.Jun. 12.Jun. 19.Jun. 26.Jun.
Anoxic tank 157 9.5 85 233 313 237 182 220 237
Trickling filter 931 966 980 989 938 932 8.7 91.0 983
Effluent 994 989 988 996 986 987  96.1 99.2  99.2
Process 10.Jul. 17.Sep. 19.Sep. 21.Sep. 30. Nov. 14. Dec. 11. Jan. 15. Feb.
Anoxic tank -28 -29 10 0.7 286  40.2 3.3 26.5
Trickling filter 91.0 91.7 927 939 984 946 980 956
Effluent 939 954 954 954 995 996 993  99.1

I
oY
Do

590 A e} o]l dAF A7 NO; -N, NO3; -N WH3sE e gt

-58, 2-
AE AYE AXNEA F9959 NO: -N, NO3 -NE}F F3%59 NO; -N,
O~

e

e
)
0

gejzt vy £AFS ¢ 5 vk NO,-Ne| B
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195 2¢9o = @At dojds & 4 Arh NOy -Neo] w9 vrom 23]8 NO; -N
o FHo] f E¥5S & F Utk £ A" gd3= NO, N9

NO;z -N9| =#o] v NO; -N¢| 2ol ttom NO3 -N¢ 4o 555 & +
t} NO; N9 sk d59 FHxAHZ M= bmg/ s olst= ko

FoAdEE AAUA e HEFEHO WFFS NOs -NO sk 24~145mg//l =
wolAlth olelg A¥E GRUHY Ah Aol a7 7oA 54 2
g o obAAA Aol A Aam AEE7] g E EHF Aol
Aapa 2ol Aax AH3es 9 Fabg wge wg s PP S
Rom, mAE F
= =718} AL, nitrifiere] JNAS

OB 4482 £+ AW Ao Aud,
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—&— Trickling filter
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Fig. 2-58. Changes of NO; -N removal with time by the woodchip trickling filter

system.
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Fig. 2-59. Changes of NO3; -N removal with time by the woodchip trickling filter
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Fig. 2-60. Changes of T-N removal with time by the woodchip trickling filter

system.
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Table 2-24. T-N removal efficiency with time

Process 8. Mar. 22Mar. 12 Apr. 10May. 24.May. 7.Jun. 12.Jun. 19.Jun. 26.Jun. 10.Jul.

Anoxic tank 121 426 327 256 251 2562 184 41 194 226
Trickling filter 487 545 672 682 686 672 685 5568 714 646
Effluent 688 701 804 711 807 730 772 663 835 8l2

Process 11.Sep.  17.Sep. 19.Sep. 21.Sep. 16. Nov. 30. Nov. 14. Dec. 28. Dec. 11. Jan. 15. Feb.

Anoxic tank 83 -1.7 92 -73 575 4563 164 267 178 115
Trickling filter 70.6 629 66.7 602 582 643 485 419 50.1 40.8
Effluent 801 740 748 &7 710 728 687 542 605 577

Ab FA(T-P) A E

v,

FAAske] ol& <lal] lo] v MiEH = At U1 AL

=
=
2 A5, Free ammonia, oFd4E 2 Abdd} 22 A4 Aol 9 AA vAE

| JFe F7) WEoR weH
45
4 N
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g 3 / A \ —o— Influent
~ o5 >—& N\ \ A ic tank
13} NP —— Anoxic tan
: L S\ SN T\ Y =
8 2 ’.—vl‘\‘;‘\-— \V"‘\\' —&— Trickling filter
i e W)
05 e o'
0
AR RS C R LAt
Date

Fig. 2-61. Changes of T-P removal with time by the woodchip trickling filter system.
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Table 2-25. T-P removal efficiency with time

Process 8. Mar. 22Mar. 12 Apr. 10.May. 24.May. 7.Jun. 12.Jun. 19.Jun. 26.Jun. 10.Jul.
Anoxic tank 158 269 7.7 1.9 -346 50 9.8 205 229 254
Trickling filter 36.3 369 215 403 368 410 390 395 352 483
Effluent 664 69.0 344 519 481 520 525 532 520 634
Process 11.Sep. 17.Sep.  19.Sep. 21.Sep. 16. Nov. 30. Nov. 14. Dec.  28. Dec. 11. Jan. 15. Feb.
Anoxic tank 2.3 47 00 -08 278 136 217 417 111 80
Trickling filter 41.8 312 451 369 489 555 709 475 581 380
Effluent 6.1 460 961 464 690 872 886 815 783 630

ol. ORP 54
ZAY 5ol system® 77 A2 ORP S4S ¥ 226 2 19 2-629]
Wtk 979 ORPE -204.3 ~ -79.2(3+ -1384)velal A2 ORP+ 364

~ 3473(% 3t 1594w = ZBAksrE 2 doukeS 4 AUk

Table 2-26. ORP 57

ORP(mV)
a5 A9
-2043 ~ -792 " 364 ~ 3473 °
(-1384) ~ (159.4)

e B %

_'_?_
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Fig. 2-62. Changes of ORP
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Fig. 2-64. COD removal rate at each process by the woodchip trickling filter

system.
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Fig. 2-65. SS removal rate at each process by the woodchip trickling filter system.
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Fig. 2-66. T-N removal rate at each process by the woodchip trickling filter

system.

- 101 -



gT-P

70

573 600

60 540

50

40

30

20 1741

0 e ‘ ‘

Anoxic tank 1st Trickling 2nd Trickling Total

T-P Removal(%)

Fig. 2-67. T-P removal rate at each process by the woodchip trickling filter system.
1. BODs/COD.; H]&

a9 2-688 E AgAaEle] FAE BODs/COD, 2 Hl&S YeEhfdY. ¥ 533
o Al2~¥lE BODO AHY&EEE w5 o4 COD9 AHYas&e o$& 4
UERASTE 9499 BOD/COD H €< 04~0.79 WS vetigon Aza4S 7
AW BOD/COD Hl&o] Hadte 48¢S vepfislen #FwWH529 BOD/COD 0.29]
a2 wold] A FAS AXWA BOD A7E&HT COD AlAEo] sopxith

p

olgd AL AZegol EdH FEdA Friesol AFARrel Fop Ao
o=

= =
A, AEE AARE AT7E FARY
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Fig. 2-68. BODs/COD,; at each process by the woodchip trickling filter system.

B oy Agely Axd AF A0 F

IS
+
N
Qi',

A3 Ed Ho AEasS ¥ 2-27%

e Hd2d2 BOD 1069gm/ /¢, FF=2(SS)7F 59.6mg/ ¢, COD 226.5mg/
T-P) 25mg/ ¢ 0|ttt AEdHog Air W oS A

e Azwel daF agHoR AANS AAA 4

—
—~

°] BOD/T-N¢| H]&2 2700tk W9 Hitsd2 BOD 4.1mg/ ¢ COD 37.8mg/
2, SS 32mg/ ¢, T-N 14.6mg/¢, T-P 15mg/¢ =4 BOD 96.1%, COD 83.3%, SS
94.6%, NHy -N 97.9%, T-N 73.3%, T-P 60%<] v 2] &&S el
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Table 2-27. Removal rate of woodchip trickling filter system

Influent Effluent Average
Constituents . . removal
max. mean min. | max. mean  min. rate(%)
pH 8.1 75 7.2 74 7.0 6.5 -
Temp.(C) 235 172 10.7 22.6 171 9.9 -
BODs(mg/ ¢) 2625 1069 415 135 41 0.9 96.1
CODcr(mg/ ¢) 515 2265 889 80.2 37.8 10 83.3
SS(mg/ ¢ ) 140 59.6 20 18 3.2 0 94.6
H, ~N(mg/ ¢) 63.3 344 15 2.3 0.7 0.1 979
NO2 -N(mg/ ¢) 0.4 0.1 0 0.6 0.2 0 -
O3 ~N(mg/ ¢ ) 4 14 0 195 10.2 7.4 -
T-N(mg/ ¢ ) 726 39.8 19.9 31.7 10.6 8.2 73.3
T-P(mg/ ¢) 405 255 1.8 2.7 1.02 0.7 60.0

Ay o] & HeAHE A BOD Hir Al A&l 95%, COD=
90.2%°] AAEES 912‘31, ARFEHA984) = AFvBEHSHHBOLZ ddes A
YA F(HA 13T, FHaL 34T) B Fhols%(T4)v= ¥ 9] gldlern, BOD+
92.5%, SS 84.8%, COD 71%9] A1 A &< vhebdot

wEk U8$(1999)2 Pilot-Scale AE2FH (BAF)S o] &3le] 94 u A 7]
2l CODer AAZEE 87%, THE(SS) A EES 87%, NH N AALELE 84~

9B%e UEWoH, vhEE 200%9 W BEESE 60%, dA AANEE 50%= 7HE g
Fo] gt stlon, A 200D FHE 99%<1 EEfdE Ade] 1Es
"AE 2R BioCube®& AHE3 &4 A=® &7z dAss AYd 43 /7]
E(CODcr) AAZEL 82%~84%, NH, -N AAETEL 858%°I ATt ¥4 5(1995)2

EElZ2gdl A4 E o) & HEFH7V|E Aeteor A% Ay AW AARE
BOD 97%, COD 87%, SS 94%, T-N 52%, T-P 39%= eIt HhE&o] 0% Y

BOD, COD, SS, T-N, T-P A7 &l 2+7F 92%, 92%, 90%, 45%, 32%°lA, Rk&& o]
100% Y ® 95%, 94%, 92%, 39%, 52% =, WhE&o] 200% Y w= ZH2b 98%, 97%, 94,
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33%, 57% %2 YEtHllth wkEEo] TS eE A&l Sk AARE, R T-P= Al
&0l skl

ojZ7] (1992)L 2% AoldE ol &F =AF A A Axk AseHrE 0, #77
& ot 0638kg BOD/m' - day, s2l8t4 Fab&F 2525 m'/m' - day¥ w BOD, COD,
SS AAEe] Z7; 92.9%, 69%, T1.4%°lR o™, A=su|7E 1, F71E FakE 0.68%kg
BOD/m' - day, <284 Fat& 505m/m' - day¥d @ BOD, COD, SS A7 &o] z+7f
91.2%, 53.5%, 73.7%% K.i1s}al Qltt.

o] F3] F(2001)e ST oAAE o] &7 ol stAe] A3 BOD AHEE
80.1~86.3%, NHy -N&= {7]% K317} 0.15kg BOD/m' - day g =l Al 90%2] AAks}
2&5 HETL

mEpA 2 EER Aol AsA Y AlAHE e dyddel vas & om zhe]

AL GAY o $REgon, e FedAE g Hel A& SN 2 &
18 o

Al dA o] A2 HwA gAHA ] A2 AEH 2
NEE B FEE] UM f71E 2 dhe 2o FAAAY heE Aadow
e o),

i 2-282 7t §xW AV HAF AFod FAH AY FEE vt Zlo
o 2 5d3 A5oid AsiraEe vE A5 ARl T ET(AHS) 2 T5
ol el AR A 5A4S UEWe SElveedA sE Ages HAIAEE By
ZEA7F e AlzdloR AZtEY 53] & A WHFE sHETE AL
Med Aow AkHE
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Table 2-28. Comparison of woodchip trickling filter system & Original trickling

filter system

Woodchip Low or

Operatl'ng. trickling  standard Intermed}at nglg Super 1*11gh Roughing”
characteristics fi B e rate rate rate
ilter rate
Hydraulic
loading 1.5~45 1~3.7 3.7~94 10~37 14~85 57~170
(m'/m’/day)

Organic loading _ _ _ N N
(gBOD/m'/day) 100~500 80~400  240~480 400~4800 4800 1600 above

not not
Recirculation  normally minimum  usually always usually normally
required required

Filter flies few many varies varies few few

Sloughing continuous intermittent varies continuous continuous  continuous
Depth(m) 20~30 18~24 1.8~24 09~24 up to 12m 09~6

BOD(ICZI)“OV&” 85~95 80~8  50~70  65~85  65~80  40~65
well well some NO» limited no

Effluent quality nitrified  nitrified nitrification stage nitrification nitrification

* reference : WPCF, 1977; Metcalf et. al., 1991

6. Acdeo WeE XN &&

BBy 5o AaAsde §70%, Ak, 99 At @ AladelAw
A Z &) ZUE Sske] Aol Mo mgol Bashul, Ak Ao PS¢ AN &
& Fou BARE NERANG FFol ohIgom, 99 A B YR WAL
gol o@ Qo F4, Wl O AYRE FU/t avHt X BAY A5oly A

i
riet
ol
o

1 EA0F Ao dzo AHu4E tA A 4 U4 FuzE A
ZAVEA Y 1™ 2-69, 2-7000A4 EHWH JEUYolAdALE A

o
=
Hasrs A Ese Bola

- 106 -



NHs—N Conc.(mg/l)

40

35
30

—— Influent

25

---B-- Anoxide tank

20

—&—Trickling filter

15

---O--- Effluent

10

Recirculation Ratio

Total Avg.

Fig. 2-69. Changes of NH4 -N average removal with recirculation by the woodchip

trickling filter system.
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Fig. 2-70. Changes of NH4 -N average removal efficiency

woodchip trickling filter system.
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Fig. 2-71. Changes of NO; -N average removal with recirculation by the woodchip
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Fig. 2-72. Changes of NO; -N average removal with recirculation by the woodchip

trickling filter system.
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Fig. 2-74. Changes of T-N average removal efficiency with recirculation by the

woodchip trickling filter system.
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Fig. 2-75. Changes of T-P average removal with recirculation by the woodchip

trickling filter system.
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Fig. 2-77. Changes of PO4 -P average removal with recirculation by the woodchip

trickling filter system.
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Fig. 2-78. Changes of PO4 -P average removal efficiency withrecirculation by the

woodchip trickling filter system.
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Fig. 2-79. Changes of SS average removal with recirculation by the woodchip

trickling filter system.
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Fig. 2-80. Changes of SS average removal efficiency with recirculation by the

woodchip trickling filter system.
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Al Aol dz - F7] 9 19.32m x 0.2095 = 4.0475m' = 40475 L
A2 Agoldz t F7] 3 1848m' x 0.2095 = 3.8716m' = 3871.6 L

A Absh AbsE 249 2% TKNS B 6218 mg/Lolw, 2438 o 2y
AR ko] 457 gO gN lojm &

Al Ao gz AAARARER = 19320 L x 457 x 0.06218 = 5490.0 L
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S = K-In-Po] A¥stl o714 K= Boltzmann 50|, o]
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Table 2-29. Changes of Entropy by NH4 -N concentration

.
(3day linr}t%rval) 1 2 3 4 5 6 7 8

conhangs of o 32 76 105 146 194 285 348 518
8.43 12.38 15.11 25.10
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"
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h f
conceniEtian(og) 656 746 754 776 793 821 819 820
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Fig. 2-85. Changes of Entropy.
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Table 2-30. & Aol 9JF Fi M= AA v&

TR S ™A (mg/ 2) 12 A () Im' A2 H ()
A5 0 0 0

A 81 60 0.024 24

A 22 120 0.048 48

A &3 180 0.072 72

A 84 240 0.096 96

A 825 300 0.12 120
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Table 2-31. A 7|3 AlZtel] wp& M=ol CODy,9 ¥}

T Time(min) | %= (%) CODyn pH T-N PO4 -P
0 59.6 27.0 6.7 38.0 0
5 36.3 23.0 6.8 36.7 0
10 20.7 15.2 7.0 33.9 0
Al=# 15 134 9.0 7.3 32.2 0
20 6.9 9.5 7.3 31.6 0
30 9.1 7.0 7.3 30.1 0
40 8.0 6.0 7.4 30.6 0
0 62.0 2715 6.7
5 60.4 27.0 7.0
10 60.4 24.9 7.0
SUS(Fe)= 3 15 60.0 27.0 7.3
20 61.7 27.0 7.3
30 73.6 26.5 7.3
40 79.6 25.0 7.3

Table 2-32. 7123 Aol o3 W7o M= 32 CODwo A7 Hl&

CAl A= :
Amin| V| A [FRIASTIELR ap | gar |BASEATEE
5 13 1 0.13 7.15 96500 9.0 300 0.028
10 13 1 0.26 14.30 96500 9.0 600 0.056
15 13 1 0.39 21.45 96500 9.0 900 0.084
20 13 1 0.52 28.60 96500 9.0 1200 0.112
30 13 1 0.78 42.90 96500 9.0 1800 0.168
40 13 1 1.04 57.20 96500 9.0 2400 0.224
Fed =
A7+ v A A% %%g(g;jﬂ IF gFe *—éﬂ]cgé Fe‘%}g)%%k
5 13 1 0.13 7.15 96500 18.6 300 0.058
10 13 1 0.26 14.30 96500 18.6 600 0.116
15 13 1 0.39 21.45 96500 18.6 900 0.174
20 13 1 0.52 28.60 96500 18.6 1200 0.232
30 13 1 0.78 42.90 96500 18.6 1800 0.347
40 13 1 1.04 57.20 96500 18.6 2400 0.463
EFAgAY kg 20% e :
CEGAEAIE  kw A7ARER 10902 744, A 10%E
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Table 4-2. A4 % FAHY A5ol g3 oW exe s

. 40cm 80cm 120cm
i A FA | WA gAY | AAd FA
15.Mar 43 14 48 15 36 15
30.Mar 50 16 46 17 39 16
10.Apr 52 18 44 18 40 15
3.Apr 54 20 49 21 39 15
9.May 48 18 48 19 33 20
28.May 49 20 48 20 40 21
10.June 48 21 52 21 41 22
30.June 46 24 51 24 40 22
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Fig. 4-41. Changes of SS removal of Trickling system by wood chip in animal
slurry.

droldAged ofg FAlw Qo] BOD M &&S Fig. 4-34¢] YeERuidch f4
4w 47 9] BOD+= 26,000~36,000mg/ ¢ o]l HAe o4 Beds AXHA
3,000~4,000mg/ ¢ = Yrobxnt. EZ FA Y 14, 22k 1k Aol dxzE 713 BOD7F

sobd %40 85~140mg/ ¢ A7} HsHRAT FAReF F718E ol
FAelA A T2 CO%h HOR ZAFAY A= wEH: Ao Audth
Aol Aol gme A f71% Fekvt Eob f71%e] A% wol WEE Ao 4
v 23, 3% Aol gmolAE v gRe] sl fr1Ro] sl AHE Ao A
2tk AFAAY) AFATY BHS $5F A9 /%S vtk AA e 2
Folge] BAxE uY 2A AA5W BOD 50mg/4 9 olahe] Aelt A Aow
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Fig. 4-34. Changes of BOD removal of Trickling system by wood chip in

animal slurry.

COD A FF

FolgAzdel og Fawese COD AAEEE 19 4-35% 2ok §9 F4)
T COD+= 34,500~39,200mg/ ¢ o] em A droAdAeE &3t 6,000~
0000mg/ £ & “rolAth EF FAE 13 4ol R 800~1200mg/ £, 234 Aol gE
5 A HAFTAHR5 COD+= 220~330mg/ 4 = A=A =

=3
e guron B4 gdud 1 99 28 oAzt §71%S o @
}_

o= F w4 (Humic substance) A& ¢3ste] CODY 2

2 noY %3 ool o CODAE $EREE @A Ao
=
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Fig. 4-35. Changes of COD removal of Trickling system by wood chip in

animal slurry.

2. T-N A&

A AA oA T-No H3tE Jed Ae 1238 4-367 2o, 24205 U5
o] T-N &2 1,350~2500mg/ ¢ & YERHAT. 12k dA e A4
T-N gaFo] oF 800mg/ ¢ = Srobxith. $-Ag 23, 32k dolidAel &
g9 T-N 270~285mg/ ¢ & YEFWATH & AFol A= 1k, 22 dFode] Adx
o] &=Fo] FEaA ol Aol AEsHA douA FUW Aom A o] 3xhd =
ATl M= PilotAl @A S Bebste] 4o A 288 £Y 7+ Jde Al=ds i

shai e,
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Fig. 4-36. Changes of T-N removal of Trickling system by wood chip in animal

slurry.

v}, NHs-N #3}

Aol A g Al oF HAR Qe NHy-N dh3Fe] Wzl o9 4-373 2t}
A9 NH,-N2 1,000~1,500mg/ ¢ & WEFW AT 12 dAA e Ao dxe A NH-N
e A= g AAkst el eJste] 500~600mg/ ¢ = FHAESATE o2 A
e A Aoz O, Fdel oJste] & AedAgolA] Aast whgo] £x5
Q71 WA e AlsHETh Mg F vAEd e NHuo Hibst Hgoz A
gheo] HF A5 NHy kel 90mg/ ¢ el = vrolxlth
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Fig. 4-37. Changes of NH4~N removal of Trickling system by wood chip in animal

slurry.

v}, NOs-N<o] ®¥3}

Ao g a) Ele] o3t AR o4 AHEFAYE NO3-N9o WH3E i fdx49
NO3-N gt 100~130mg/ 2 ol e 12 dAAg A4o3zxs AXHEA Hiasir}

218 = o] NOs-N ko] 263mg/ ¢ = F7FEAth 3k $3 2] agof oA+ NOs-N
Fhekol A& yrobx] 2z Aol dzel A= 50mg/ ¢ W 9le] NO:-N #=Fs Yl
g HEdg T ouAgEd o3 dAsAge oste] HFATFe NO;-N ke
40mg/ ¢ WS YERATH B A3 AT ieA HEe] NOs-N §Hake] o
oz vrolxl AL AR oAl HHe &l ogt Huafof o] &aFo] AA
Aez7t & - @87 71%E 2t doA Hiksier g4 ul*ﬂ% HAe] FXE o=
sAH ) oleje A¥e %‘ﬂTA pH7} $43}9) 80~828 #A3 A<

/\]-g]_ Z=x10] gA3 #H 2 Rz},
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Fig. 4-38. Changes of NO3;-N removal of Trickling system by wood chip in animal

slurry.
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Fig. 4-39. Changes of T-P removal of Trickling system by wood chip in animal

slurry.

4. 3RE AHarE

7k SS Adag

A4 SS Agaee 29 4-403 2tk SS A= dAHY AgoldzdA
959%2A E& Aeags vk B FAY Aoy nmAzdA 13

(2nd Bed)ollAl 59.9%% =% 2x+(3rd Bed)oll Al 22.7% % A &E&o] A YHEY
A gkgkth ¥ APAMS Bl St 987% A7k st
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Fig. 4-40. SS removal rate at each process by trickling system in animal

slurry.

Y. BOD, COD A3 & &

A5 BODs$} COD., AT EE&S 19 4-41, 19 4-429F 2t} BOD HyE
AxE Ao dzelA 80.1%C MEPEE&S e XY =AY AFddx
oA BOD A& &&2 13 Ao A2 (2nd Bed) ol A 92%, 22k 2420 42 (3rd Bed)ell
A 594%°] A EE&S HERUATE B A AIE A5 BOD A #olA 99.6%°] A
g Z2&S el AelF ¥ COD A a& BODREU Sglrh dxe] 4oy
Zo]A COD AN &&e 794%=A BOD A2 && 89.1%°l H|alo] g g go] vt
ok ooyt A= dAE Aoz A nERY qHEHAA COD %*ﬂg%

lo] §&57] WEdd Aow Arsdd. §A4¢ Eﬂﬂ daoldxe] COD Agas

] ol

& axAE 12} A4 (2nd Bed)oll A 85.4%, 23} 4o A2 (3rd Bed)oll A 71.9%
o] AYae&S YA @A HeFAol COD Hel &8 99.2%= vEeRyo] wj
T =2 Agaes vl a8y HAF HR59 CODE Hir 317 mg// & U
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Fig. 4-41. BODs removal rate at each process by trickling system in animal

slurry.
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Fig. 4-42. COD. removal rate at each process by trickling system in animal

slurry.
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o. A433E(T-N, NH4-N, NO3-N)

Al gAY A4sgEe A as&e 9 4-43, 4-44, 4-459F 2k T-N Az a8
& AAe A dedA 609%=A EA skth TS $H T amAE Ao ol
A T-N AdEee T8 13 A5o]A42(2nd Bed)oll A 47.7%, 22 2404 %(3rd
Bed)ol Al 37.29%¢] A2 &&S JeERHAT £ A xdod d F49 T-N A2 &
&S 872% %= HluF E=A vEtgoy HETe] T-N &2 275 mg/ ¢ 24 i =
& 55 YEddth

NH,-N9| s&&= AAitste] oste] dxg] Agoldzeor 56.1% Ytolxlth. F3 g
A Ao dzed A NHN 25 13 2449432 @nd Bed) ol A 65.1%, 22+ 4t
0}d2Brd Bed)ol A 465% A H AT DA F4S 53t §95 Wn fFEFe
NH-N2 91.8% srolAith,

NO;-N gHaFe dxe o dzols Zaksl 4o oste] 53.2% obsitt ¥
U A zet $HY Agodzs AXWEA gdA-dd 9dte] NOs-N o] 13+ 4
o]z (2nd Bed)oll A 50.5%, 22k 290122 (3rd Bed)oll Al 38.4% drolAlth.
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Fig. 4-43. T-N removal rate at each process by trickling system in animal

slurry.
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Fig. 4-44. NH4—N removal rate at each process by trickling system in animal

slurry.
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Fig. 4-45. NO3—N rate at each process by trickling system in animal slurry.
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Fig. 4-46. T-P removal rate at each process by trickling system in animal

slurry.
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o8 Ex AA" AdFoddFTs st #wEd IAEAY sx== BOD
3,200mg/ ¢, CODcr 7,700mg/ ¢, T-N 1200mg/ ¢, T-P 120mg/ ¢ &4 ¢ F2ER
9] TX7F BOD 29,000mg/ ¢, CODcr 37,000mg/ ¢, T-N 3,000mg/ ¢, T-P 500mg/ ¢
S et Rk vropx|al 4k AHojxith A ¥ AdFAdE AN HF

o] %% BOD 100mg/ ¢, CODcr 320mg/ ¢, T-N 275mg/#, T-P 53mg/ /¢ H<

o

to
4
sk

[‘

- 204 -



A 15m' A eAle] djoln

HSA ot
ate] A 27t 7hs

S

=
o

S = s

i)

Aoz A (19 4-47).

[a13
=

711 BOD 50mg/ ¢ ©|

oNeoNe)
(@)
5383
o~ Lo
AN M
—~
Y-y
OO 1 1
MmoHH
N
F N % W 3
LO
o] O MH ! ) T ok %
A - ﬂm - | Zp B0 = R M o
e J — |
< ™ W N O
N ild w ok S T,
! s 8
o M
=)
s 7
Mm =
o N Nd
N = Nro Nro
o ° 5 e
_ e e hy {- - e
S Lo -+ A= X =W =W o
S © S i " w X
o3 — X —
s & 7 z o
m O mh U.ru E_v

- 205 -



g AARA Y M E HESH] 9l
Fol 4ol oo AHIELS ZAEIYTE ¥ 437 o] AFoa oo
1o A wlaLste] 99.6% Al A= Avk CODer AlA &S 99.2% =41 BODsH.
Th tha ukokth CODere] Al &&o] BODsE T W& AL dgolido] FAZA =

Ae Aggozs ZAEe Friste] COD 4Rol ojA BOD ur A mgo] b

oy
o
S
i
e

ozl Ao derE)

53] A& AFoddade FHEASS)Y AAETNE BT7%E UEH O vl =&
A2 ZL &S YERSIT w}aw A& aolgalde] ndite T AeA A A
Ay AR g7 = ﬁgi gtk g da o] AAEEE 747

87.2%, 89.4%= YEFUSITH A |
stasr7 oy £3 SS¢ T-P Agigo =
T-P AlAEE0] =& AL Agojite 1

I
A @Far o el FEH O EaiE A7

Table 4-3. 9% Ao 4e 95 oA+2 Mud AT i s
" T 15 2385 Ag
o DS 22 3} ol Agx  AdE &%)

BOD(mg/ ¢ ) 29,136 3,176 251.2 101.6 99.6
CODcr(mg/ # ) 37,436 7,729 1,130.3 317 99.2
SS(mg/ ¢ ) 12,925 526 211 163 98.7

NO3-N(mg/ ¢ ) 123 263 130.6 80.5 -

NH,~N(mg/ ¢ ) 1,334 586 205.5 56.3 -
T-N(mg/ 2 ) 2,144 838.7 439.3 275.5 87.2
T-P(mg/ ¢ ) 497 138.9 81.3 52.9 89.4

pH 6.91 8.33 841 8.39

re
2
)

o AgelgAzde @A WA He] ABFe] Yt FARn JaAe AA
T’]i_

w FFAY Ade]l §495° BODZ 5000mg/ ¢ oo ol 44
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Hgol o e F4 ASrAY F4L AMete AAe AR 480 7
o molth oe @ AN WA AHER A% Aol AYL A

=9 o3 F2 8 2g AsE Tl FozmA AspAYAEES] dAA
b
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frt

e

oo mR

TEAEF] AA Al 2AHF9 BODHEE 5000mg/ ¢ = dlAdate] AA, AlF
=7 20,000~30,000mg/ ¢ o ©3ti =

£
M

Aol 7} FAbETtel A A" FAtd s thEe] 1g RS Faska 7]
o A" HIeo F712 #H 1YESE AASH] Y8 Screw press YW Screw
=7t A stal oy FHAE LR EA 1¥dE &

_?:
o md AAUE 5t A% $7 LreE 497 wol o= <l
=
-

= o § e
o 1 AR FEA S w7 wEel HPAAES slskel B HAF % FYe W
2z 9
OB HAERE RIS sl we oA setoES Fdste] o
OB B AFE AEAAANE SoIBorh 9% el gARo FAERE 1
AT AS nARE A FES A FUHA n mARS G5 FA
% F Atk F 714 RYRE PR oPyEelM Ral} B HRE e 45
4 o= BOD 1,500~4,000mg/ ¢, CODe 6,000~9,000mg/ ¢, T-N 800~

1,400mg/ ¢, T-P 40~150mg/ ¢ AEZE 2AAE7} A3 A7g=Eo] AEsHEH T3 g
Aol Al AEA HYadrt =& ASE AMRHETE A Ao 1A
Al HF o429 BOD+ 70~90mg/ ¢, COD 200~400mg/ ¢, SS 40~80mg/#¢, T-N
150~300mg/ ¢, T-P 40~60mg/ ¢ & e AT}

Aol o FEo] dobd Rk thHl 80~99%9 L H = &
Bl o] Vs FAbs7 2 tS5En FeAYEeR FHe S
st el dAA YA dE 488 A et s g oFFHE % dYn§
T AYnES HAASATIL FA YA BT 5 <

A A @t
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2
HAR ], v, A, A ey, Al @7 S ﬂl‘ﬂ%% 3 sko]
aeg = 43}31%010;1;} ek 2 A A AE
I 3= A riseldt

flo
N
rh
2
c)
~N
i
f
i)
=
ofo
5

50mx10m = 500m’ (150%3)
15053 x300,000(3 B S E51]) = 45,000,000
ARE7]x17] = 30,000,000

O 4ol A2H oAbz 1 3,000,000%82 = 24,000,000
22 A7) 8 Foiu]-§ = 35,000,000

O Aol Alz®l FAM] | 134,000,000

O HHFH A 70m'x1/23] x70,0009" = 24,500,000

71 A+ 30,000,000 +10 = 3,000,000
AlA 104,000,000 15 = 6,933,000

O 1w 1,000,000 x1278& = 12,000,000

O M= 400,000 1271 = 4,800,000

o % A 26,733,000

O HH #Ajis 600m’ x0.67(H] 5)x30,00094 = 12,060,000

{51,233,000¢ (#] 2] ¥]-&)-12,060,000 (] ¥] 2wl 24 5)

O Im'S A aH) e = 39,173,000} +4500( 53 4 2] ')
Ims A28 1 8705¢
LB

F 9 Im'g 50,0009 0.2 AAk
IR D= S =Y D1 B B R | B g B x4 ) s R R A R RO = R D R S R
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T Aedel o wEe  AE FAES
A 2.0x10 6.5%10° 2.5x10° 1.5%10° 2.8x107
A o 1.0x10" 75x10° 1.7x10° 5.0x10° 75x10°
A o] 3 0 2.0x10" 2.5x10" 2.5%10" 2.5x10°
A4d A&
L FaEws Azt fdael A4 B F9 oy, saetEs F99)
of Aglsta ot B Agoli Ajaele okES AE FolehbA| @a A abgrol

2 A2l A BOD 29,000mg/ ¢ °l A 3,200mg/ ¢, CODcr 37,000mg/ ¢ I~ 7,500mg/ ¢,
SS 13,000mg/ ¢ o1+ 530mg/¢, T-N 2,100mg/ /|4 840g/¢, T-P 500mg/ ¢ o A
140mg/ ¢ = A 27} 7hs kAt

2. AA g gz LAE Fart A5 wrolAd FA g 1, 23k Aol A
g o} AHAEXE AR HE o759 BODE 100mg/ ¢ A 99.6%¢] BOD A i &S

e At COD 992.9%, T-N 87.2%, T-P 89.4%°] Azl &&S et AT
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% (Urine)
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74,000
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Y. BOD(Biochemical Oxygen Demand)

AZ plant A8xo] IAE FYF9 BOD FX+= 7,000 ~ 10,000mg/ ¢ ¢ HHAE
VeI AT 19 5-3% o] 9 BOD @& IR E Z ApolE Holil 9]

A57h BRAFGS AR F BODsE 600 ~ 900mg/ ¢ & LERo] Agol e
gt

AAEA FAZF ol Yozl AS & A 4y AHe ¥ BOD dHS
58mg/ ¢ & YEWol HAEx Wi WA YIE 150mg/ 4 olst2 A e o] Ht 993
= AYgaes vt

X
o

12000

10000 ~W
8000

& 6000 = 2HOITS
8 4000 ——gE2UT
—— g
2000

0 Ak
44 423 56 514525 6.1 6.16 6.2 71 79 7.19
date

Fig. 5-3. &4l A9l BOD 3}
t}. COD(Chemical Oxygen Demand)

a9 5-49F 2ol YA el CODE 3800 ~ 4,600mg/ ¢ ol om, HH Ao A)
COD#t2 1,100 ~ 1,600mg/ ¢ W= ¥4 =& FX &
FE fFrlEel dFE AstHA Fe Aow UEEt
£ AH HAF PF59 CODFS 190 ~ 240mg/ ¢ & dYERNo] Hit A
el 49 COD Azl &&o] BOD A &gl vstd
o] #aje 4AE FUA4e FEAY Edo] =4
e

Fhpar gekE o
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2. SS (Suspended Solid)

Ao I SS FEE 1,700 ~ 2500mg/ ¢ el ATt SS9k BOD9F #AE
AHREH SS FE7F 20H BOD A 52 A& & 5 A o EFELS FdE)
7] §1% DO®| AngFo] F7HgHs Kol

a9 55 B AHIA Y FAE A-dE SS9 sxe Wild B5ES gz
bl Aotk BFFolE SS o] 40 ~ 50mg// HAE YEH o] A A aH
& SSA el 3loiA 50mg/ 2 olste] bBAE 7t o] Folxth HFE WiFTY SSHUR
2 975%E =2 Agass YErd ok

3000
2500 '*\0”"\0—0_\‘\\
< 2000 ~—_— "‘E_Jgﬂ
—=— = H0{ I
% 1500 S oo~
® 1000 % trEA
0 R it L 5 == P |
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date
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%2 714 830mg/ ¢ o= °F 90%7F AzZE Ach. th A2 AXHA WESF
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T A5 AW AFARE EAF BHE AYEE®)
pH 6.85 8.68 8.72 8.46 8.31 -
BOD(mg/0) 8,622 7,200 830 136 598.2 99.3
CODwn(mg/0) | 4,291 4,100 1,512 454 232 94.6
SS(mg/¢) 2,208 1,950 564 55.9 49.5 97.8
T-N(mg/¢) 4,223 4,120 912 320 275 93.5
T-P(mg/0) 97.4 96.6 60.9 18.1 8.0 91.8

it dd oy AdR Ho| vk @49y A 71+ 7t
%= 25 7o st wAHel Utk F
A FAbol A TAEE 229 BOD FX7F 5000~10,000mg/ ¢ =Sl dl o]

E7hsste 999 BODE 3,000mg/

]
Zgok strh, mak A7t thek wAlE)

[e)
a8y 2 gt A Al2~HlE BOD 10,000mg/ ¢ o SAxeTE A

o s
o4& AXW 1000mg/ £ ol3k2 Ael7k ek opgel EeA A oy z
oA 90%0l 4 AA Hol B tu] 90% ol HA wARe FABel} S &

o1% Fel eluk
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- eAn A9
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@ | - A9 wgel g A - ohepe) 2elA A
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L 223 F49 F4nes AE 9% =20 )
PFAe FARos 45 - 239 - FTAYAFeY > FHeY P4
FHo= Astgck

2. AP A 2404 Y9 BOD 8620mg/ ¢ ol A HEA 49 BODE 58mg/ /¢
2 AU, =3 CODwne 9 4,290mg/ ¢ ANA 232mg/ ¢, SS 2,228mg/ ¢ ol A
495mg/ ¢, T-N 4,223mg/ ¢ A 275mg/ ¢, T-P 97.4mg/ ¢ o)A 8.0mg/ ¢ & =& =]

oldell M AA Heol &dey HeA wir SA EAF] 90%
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