FAYUAFFEY A A19W A22(2000)
Korean Journal of Environmental Agriculture
Vol. 19, No. 2, pp. 171~176

Fihde M2l A HESE 2P TAYARY HEYSs

¥E=R
Adiista oy 24%%

Methane Fermentation of Facultative Pond in Pond System for Ecological Treatment

and Recycling of Livestock Wastewater

Hongmo Yang (Dept of Landscape Architecture, College of Agriculture, Chonnam National University, Kwangju, 500-757, Koreq,

Tel 062-530-2101)

ABSTRACT: A wastewater treatment pond system was developed for treatment and recycling of dairy cattle excreta of 5
m' per day. The wastes were diluted by the water used for clearing stalls. The system was composed of three ponds in
series. A submerged gas collector for the recovery of methane was installed at the bottom of secondary pond with water
depth of 2.4m. This paper deals mainly with performance of methane fermentation of secondary pond which is faclutative
one. The average BODs, SS, TN, and TP concentrations of influent into secondary pond were 49.1, 53.4, 48.6, and 5.3 mg/
¢, and those of effluent from it were 27.9, 45.7, 30.8, 3.2 mg/ ¢ respectively. Methane fermentation of 2.4-meter-deep
secondary pond bottom was well established at 16 °C and gas garnered from the collector at that temperature was 80%
methane. Literature on methane fermentation of wastewater treatment ponds shows that methane bacteria grow well around
24 °C, the rate of daily accumulation and decomposition of sludge is approximately equal at 19 °C, and activities of
methanogenic bacteria are ceased below 14 °C. The good methane fermentation of the pond bottom around 16 °C, about 3°C
lower than 19 °C, results from temperature stability, anaerobic condition, and neutral pH of the bottom sludge layer. It is
recommended that the-depth of pond water could be 2.4m. Gas from the collector during active methane fermentation was
almost 83% methane, less than 17% nitrogen. Carbon dioxide was less than 1% of the gas, which indicates that carbon
dioxide produced in bottom sludges was dissolved in the overlaying water column. Thus a purified methane can be collected
and used as energy source. Sludge accumulation on the pond bottom for a nine month period was 1.3cm and annual sludge
depth can be estimated to be 1.7cm. Design of additional pond depth of 0.3m can lead to 15 - 20 year sludge removal.
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Fig. 1. Design concept of the demonstration integrated pond system
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Table 1. Important Design Parameters of the Pilot Pond System

Water Frec Siudge Leves  Pond  Volyme Detention
Depth Bowd Dep Holght Suige (m)  Tme(da
m @@ m m ()

Pond1l 22 05 03 30 R5x125 166 33

Pond2 22 05 03 30 I15xI1L5 148 30

Pond3 22 05 03 30 I15x115 148 30

ZHEHR Y tAZ LAY #Z

Fig. 2 249 2(Fig.! ¢ Pond 29 7Z% 7%, IXFY
o) 4x® 43 7}234 A4 (submerged gas collector)& XAE
t}. Table 1& 4¥ dRA29s 8 AAUAEIT

2 Re dRuislA AT Fol7h 30m, €A H
A 93 uieto) ¥ 03m €A Aol Fof 10 - 2010}
9 ¢HAE AANEE At 23147 03m Bold &
Aol 22m7} Bu 27)dE £4°] 24m A7t "t 23HE R
A48 3RdRoz RUE 4FYZE AF1 05mel 44
ek AMe WAHAE 115 973AE LR dASAG. A
Ao g®E 05m olfe. £AA0] 13225m' (11.5m X 11.5m)
ole}, mje}d ARMHo| 148m7} Bty AAFZFel Sm/dayol2
2 w&AF7e] & 0Yo] Bt 1AGEY AHese 24X
9] vigtolA 06m Fol2 KUY

NHAHSNEY 448 $3T2ES AFuEA 04m Hol
438t A7t ARl uigd] #id & =S A A
Zulgtol A WS 7kavt 4248 £53TRE dd] AXE 37
7} BopER g $ARGe) Fgoz A=, sfAFH 79
2 A e 1Y 2982 JAFE AA tEFA =
UHEE AAsn A0 A HAute) HRFo] 225m'e A%
g ¥ EUA 25milM AsE 7t2E XJE F A
o} Fig. 200A 71233 Hote) 7pgRele 448 £572E W
2z Alole] A 15cm PVCHE dAsld @40z FHAME
ol dRulge &%, pH $& 2432w, Coretakerg PVC
#&o2 Yol A HolE AU

2 W Ig

Z7| BeHe| £&

1996 119 F£3E A2dgoz FUHFE FUYAHT 1
FARY HP47t 2AARCZ 128 F&FH FUso] 1997d
19 F¢7 24989 F4o] P2 fAHJY dwzes
ARA 2] WEARHYL 2%, pH 59 FHL ARAFY 7
o] 9Y HFFLo ZHIE 2A 10A] 308 Aol AABIZ U
o] & AFNE 104} 308 A AEAH A& 4
19979 29%E 1973 1E7A 459 23] HEE A3l
HNYPEE BA3g

Table 2& U 23 s-Hed 2 S5 FEAHRY
HES £4718% 0|39 24 Ay € ARALYY HF
4 £2712¢ JENIG P nj2e 7% ARAA-Y WS
422 BODs9 TSS 44 H5mg/Loldte HEdle ol ARA
2d9] A5 EX(algae)7} A= AE FHEH AT A& 3
£37) BEoict.

Table 3& #4s+9 2 A¥42)4<9 HF COD, BODs, SS,
TN, TPY) HeleEE vehdch f4u+9 Y7 BODsE 387
ng/Lolm, 1A R, 23 A%, 34AR M5 BF BODse 4%
49.1mg/L, 279mg/L, 198mg/Lolch 1X}AR, 244 R, 3HARIA
7t AR o)A §Y¥4 BODs7t 88%, 93%, %%/t AAE. 23
AZ 449 FF BODs SS, TN, TPE Z& 491, 534, 486,
53mg/Lo|®, 23R #4549 HF BODs, SS, TN, TP 4%
279, 457, 308, 32mg/LE 23498 %1A BODs 43%, SS 14%, TN
37%, TP 40%7} AAE SSE A3t 9] 23H e 27|
Z¢ 3N 289 A4 SS7F ¥ olfre ARAS
Z§(algae)7t %87 HEoltt 24AE Helgo] FhEH A
e 2§ 9% 339794 JAs=o AAE

Table 3014 A AF7|He 1AAE, 24AE, 33dRe] %
7} 369, 2%, 32d0|ch. AN ARA 2 F AFARE
guixoz 9 - 1092 AAST (AGE, 244R, 33ARY

?Sohr Energy

[ r L
__\ - t—q /——
Photosynthetic Oxygenation N
Primary P \ Ve
effluent Thernocline L
NN Gxypause pYd
Methane Fernentation ’ 3 \
Acld Formation e AL’
477
7
L

Fig. 2. Structure and Function of Facultative Pond (Secondary Pond) and Gas Collector
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Table 2. Regulatory Criteria of the Effluent from Wastewater Treatment
Systems in Korea and USA

KOREA USA

. Collected Secondary Stabilization
Consttuent - SOty 1jyesiock ~Efflvent Crieria  Ponds
Criteria Wastewater (30 consecutive (30 consecutive

Treatment days) days)
BODs(mgll) < 20 <30 < 30 < 45
TSS(mg/l) < 20 < 30 < 30 <45
TN(mg/L) < 60 < 120 - .

Table 3. Treatment Level of Each Pond Effluent, Actual Detention
Time and BOD;s load

Influent Pond 1 Pond 2 Pond 3

mean SD mean SD mean SD mean SD
COD (mgll) 5565 254 6L5(89%) 110 41.693%) 4.7 30.1055%) 29
BODs(mglL) 3987 207 49.188%) 70 27.9(93%) 4.3 19.8(95%) 30
SS (mgl) 3605 166 S534(86%) 88 45.7(88%) 9.7 32701%) 44
TN (mg/l) 2068 131 48.6(77%) 84 30.8(86%) 4.6 21.0(0%) 2.6
TP (mgl) 207 13 S3(75%) 10 32(85%) 09 21%%) 06

pH 7.1 Q1 88 08 95 08 9.3 03
ADT(day) - 36 32 32
BOD;s Load

: 1150 16.7 9.5
kg/hajday)

a) (%) : Removal Rate Compared with Influent Concentrations
b) SD : Standard Deviation
¢) ADT : Actual Detention Time
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Fig. 3. Temperature, DO and pH of Facultative Pond
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Fig. 4. Composition of Biogas Produced from Facultative Pond
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