4.1 ,

( )
(homogeneous)
(complete mix)

4 2

CoD

421 ,
6.67
6.73-7.05
3,094-6,468

«

4.2

95

0.3 30 )
3 1
4.1
0
C ,
6.67 11.11
4.3
2.31-5-58 . COD
CH\COOH
Cacor 9,781-
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15.021 . VA/Alkalinity 0.32-0.43
11.11 3.17-7.41  .COD
7.29-7.68 CHCOOH
3,674-11,172 - ' CaC03 16,504-
34,543 . VA/Alkalinity 0.14-0.32 4.5
4.6 ,
m
mi
’ (NaHCOj)
6.67
, 231 .COD . CaCQqg
9,781 L 5.58  .COD
CHCOOH 3,094
6,468
VA/Alkalinity 0
7.0 1.3 11.11 ,
552 .COD o CaC03 26,964
, 141  .COD
3,674 L 11,172
VA/Alkalinity
6.67 6.9

(buffering)
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(g/m>)x10°
as CaCO3
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Alkalinity
o

+~ O

as CHSCOOH
w

(g/m>)x10°

[SN]

Volatile Acids

| | |

A B C

pH, Alkalinity, Volatile Acids a
(HRT) 6.67

(Organic Loading) 2.77  .COD

0—0 0 3
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Sampling Position
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VAAIKalinity

Alkalinity (g/m )xIO

Volatile Acids (g/ )xicr

Organic Loading (kg CODImcay)
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Organic Loading (kg CODInY™day)
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4.1

Influent ~ Efffyent 7 @  Volajle Alkalinity Olati
' days n8/dayx|03 (@@ﬂ (gg%n%) (#;3) R%)d (Wn&gay) Aa%@}nﬁ) {gzr‘?) a(;’ﬁ;? %’%Q %ﬂg x0 A rrB/day xIO A
2200

HOH GO
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4.2 6.67
6.0%10~'3

Organic Loading, kg COD/mA-day  2.31 2.71 3.12 5.58

Influent COD, g/m* 15,410 18,430 24,820 37,170
Effluent COD, grii 9,940 11240 13,155 24,905
% COD removal 35.5 39.0 47.0 33.0
COD removed, kg/m”-day 0.82 1.08 1.75 1.84
Gas production, (m'Vday)xICT? 1.75 2.09 2.83 2.15

mAm” waste fed 2.92 3.48 4,71 3.58

m/effective volume 0.44 0.52 0.71 0.54

m”/kg COD loading 0.19 0.19 0.19 0.10

nr*/kg COD removed 0.53 0.48 0.40 0.29
' chd 558 51.5 47.5 26.5
(A CH4/day)x10~" 0.97 1.08 1.34 0.57
m* CHMm" waste fed 1.62 1.80 2.23 0.95
m* CH”effective volume 0.24 0.27 0.34 0.14
m* CH"kg COD loading 0.11 0.10 0.09 0.03

m* CHMkg COD removed 0.30 0.25 0.19 0.08
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4.3 1
3.0X10-3
Organic Loading, kg CODfa3-day  3L17 4.01 5.52 141
Influent COD, g/ii2 35,255 44570 61,360 82,310
Effluent COD, g/m” 20,980 21,395 28,225 53,915
% COD removal 40.5 52.0 54.0 34.5
COD removed, kg/nr’-day 1.29 2.09 2.98 2.56
Gas production, (m*/day)x10-2 2.15 4.20 6.85 5.45
m'vVm” waste fed 1.64 11.67 19.03 15.14
m'Veffective volume 0.69 1.05. 1.1 1.36
m~fkg COD loading 0.22 0.26 0.31 0.18
nfVkg COD removed 0.54 0.51 0.58 0.53
% ché 65.0 58.0 65.5 55.5
(mr CH4/day)x10~" 1.79 2.44 4.49 3.02
m* CHMm” waste fed 497 6.78 12.47 8.39
m* € "effective volume 0.45 0.61 1.12 0.76
m* CHMkg COD loading 0.14 0.15 0.20 0.10

m* CH4/kg COD removed 0.35 0.29 0.38 0.30
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VA/Alkalinity
Ratio
(@]

w
o
|

(3]
n
I

N
o
|

Alkalinity (g/m>)x10%
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14.0 [~ v
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|
|
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1 |
0 | | I
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Dague

%
1
(buffer capacity)

4.2.2
(Suspended Solid, SS)
VSS§)
S %
6.67
2.17 231 .COD
3,807 2,870
3,030 2,200

558  .COD
V35S
4.7 SS V35S
3.72  .COD

3.17
4,620
3,670

63

(17 % 0

(Volatile Suspended Solid,

3-72 .COD
SS 5,200
VSS 4,367
231 .COD
2,870 L 3,120
2,410
2.17
2.17 3.72
11.11
.COD oSS 5,570
V3S 4,570
SS VSS

401  .COD
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6.67

[ K3
8.0 O-(O-© = SS Effluent
- AN\ = ySS Effluent
o
<
6.0 | !
i
- 4.0 st}
2.0 -
0 | l | 1 1 |
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Organic Loading (kg COD/m°> day)
4.7 (Suspended Solid, SS),
(Volatile Suspended Solid, VSS)
(Organic Loading) (HRT)



3
s, vss (/1 )xio
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10.0 O = SS Effluent 5
A—N—/\ = VSS Effluent
80 |s /D o
&
/
6.0 — =

2

e

-
200 =
0 | | | | | |
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Organic Loading (kg COD/m3-day)
4.8 (Suspended Solid, SS),
(Volatile Suspended Solid, VSS)
(Organic Loading) (HRT)

11.11
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h | l ! T r l
OO = HRT 11.11 W

9.0 |-
A = HRT 6.67 Tu

247.0

>

£

(e

3.0 i
1.0 | d | l L |
O--O-© =HRT 11.11 W
ms.o— A~ =T 6.67 3 g T
o) y
= >
’cv? Za
=
54 0} - P "
2.0 -
0 | | | | | i {2
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Organic Loading (kg COD/m3 -day)
4.9 (Suspended Solid. SS)
(Volatile Suspended Solid, VSS)
(Effluent) (Qrganic Loading)

(HRT) 6.67 1111



67

40
SS VSS SS VSS
4,340 3,320
, 401  .COD VSS
VSS , SS
VSS 4.8 401 .COD
5.52 741 .COD 4,620
4870 8,910 VSS
3,670 3,720 6,165
SS, VSS 2
4.9 5SS, VSS
4.2.3 CoD
3.72  .COD 2.17 2.31
.COD .- COD 47.0
39.0 35-5
VSS 4.2.2
2.31 5.58
CoD .- VSS 4.2.2
CoD 35-5 33.0
coD " dv g bl
3.17  .COD 5,52 .COD
CoD 40.5 54.0
741 .COD CoD

6.67



Efficiency of COD Removal (%)
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I l I [ | !
O—0O—-¢ =HRT 11.11 days
100 — —
A =HRT 6.67 days
80 |- -
60— =
40 — -
20— =
0 l 1. l | | |
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Organic Loading (kg COD/mA-day)
4.10 COD (Efficiency of COD
Removal) (Organic Loading)
(HRT) 6.67 11.11
6.67 2.31, 2.17,
3,72 558  .COD
-0 -0 1111 3.17, 4.01,
5.52 741 .COD
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54.0 34.5 S VS
CoD
4.10 " COD
2 6.67
3-72 .COD
11.11 CoD 15.52
COD o 1
CoD
4.2.4 6.67
4.11 4.12 3.72  .COD
2.77 231 .COD 2.83*10
2.09x10-2 1.75%10-2
1.34X10-2 . . 1.08X10-2 0.97*10-2
231 .COD
558  .COD N3N’ 1.75x10-2
2.15X10-2
0-97x10-2 . .- 0.57x10-2
(0 2)
11.11 411 4.12
3.17  .COD 552 .COD

2.15X10-2 .. 6.85X10-2
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1.79X10-, . 4.49*10~2
1 1
7.41 .COD
6.85*10-2 . . 5.45*10-2
449X10-2 .. 3.02*10~2
4.2 6.67
2.31-3.72 .COD - CoD
.COD
4.2.5 1 ’
11.11 1.41 .COD
(Ca) (K) (Na) 925, 4955

5.000 . (26)
|



Gas Production (m /day)x10 2

[

12:0 = I | I I

16,5 ®O--(-«® =HRT 11.11 days

L—/\—/\ =HRT 6.67 days

oo
o
|
|

)
/

% o
A
3.0 /X 7\ L
£
0 L L | | l 1
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Organic Loading (kg COD/m3 day)
411 (Gas Production)
(Organic Loading) (HRT) 6.67
11.11
A—-A-A 6.67 2.31, 2,717, 3.72
5-58  .COD
0 —0—0 1.1 3.17, 4.01, 5-52

741 .COD



Methane Production (m /day)le'2

12

159 T I l 1 l l
10,5 O = HRT 11.11 days
A—/\—/\ = HRT 6.67 days
8.0 |- =
6.0 — =
4.0 |- < o
//(D\ \\
,/ \®
2.0 |- @/* -
/N\—2)
A
0L | | [ = | |
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Organic Loading (kg COD/mS day)
4,12 (Methane Production)
(Organic Loading) ‘ 6.67
11.11
A —A —A 6.67 231, 2.17, 3-72
5.58  .COD
0---0—Q 11.11 : 3.17, 4.01, 5-52

1.41 .COD
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4.3
543  .COD 4.4
4.3.1
543 .COD
6.67 -13.33 6.73-7.79
CH'COOH 2,390-8,774 CaC03
15,021-32,465 VA/IAlkalinity 0.07-0.43
4.13
SS VSS 4.3.2
(NaHCOg)
Buswell (21)
CHjCOOH 2,000-3,000
6.67
CHjCOOH 6,468 CaCOj 15,024
0.57*10~2
8.89 EijCOOH 8,774
CaC03 22,990 2.92X10-2
8.89 CH\COOH
Buswell
0
CH\COOH 3,000



4.4
CoD

Hydraulic Retention Time, day

Flow Rate, (iiiVday)xl0-*

Influent COD, g/m*
Effluent COD, g/m”

% COD removal

COD removed, kg/m”-day

Gas production, (m'Vday)xlO-*

mYffi* waste fed
m~[effective volume
kg COD loading
m*/kg COD removed
' chd
(m" CH4/day)x10 *
m* CHMYm” waste fed
n* CHMm” effective volume
CHkg COD loading
m* CH"kg COD removed

13-33

6.67
6.0

317,170
24,905
33.0

1.84
2.15
3.58
0.54
0.10
0.29
26.5
0.57
0.95
0.14
0.03
0.08

8.89
4.5

48,140
30,465
31.5
2.06
5.40

12.0
1.35
0.25
0.66

54.0
2.92
6.49
0.73
0.13
0.36

11.11
3.6

61,360
28,225
54.0
2.98
6.85
19.03
171
0.31
0.58

65.5
4.49

12.47
1.12
0.20
0.38

14

5.43

13.33%
3.0

68,510
21,925
68.0
3.50
5.75
19.17
1.44
0.28
0.41
67.5
3.88-
12.93
0.97
0.19
0.28



VA/Alkalinity

Alkalinity (g/m3)x104

Volatile Acids (g/ms)x103

as CaCO3

(S8

as CH3COOH

s

15

| ! | | |
.
| |
® © ]
o —_
®
[ l l l L
l ] | | |
] | | | I
6 8 10 2 14 16
Hydraulic Retention Time (day)
413 Volatile Acids, Alkalinity, pH
Volatile Acids/Alkalinity Ratio
5-43  .COD

Alkalinity pH 1
NaHCQ]



4.3.2

5.43  .COD L
6.67-13.33 (Suspended Solid, SS) 3,120-
7,340 (Volatile Suspended Solid,
VS§) 2,410-4,770 . 4.14
SS VSS ;!
6.67 11.11 13.33 SS
3,120 4,870 7,340
VSS 2,410 3,720 4,770
4.3.3 coD
1 0 COD
CoD
4.15 6.67 8.89, 11.11
13.33 CoD
33-0 37.5, 54.0 68.0
SS VSS 4.3.2
CoD
4.3.4
' (reproduced)
4.3.2 I
4.16 6.67
8.89 11.11 2.15X10~*
5.40X10-2 6.85x10~2



0.57%10-2
0.57X10-2
4.17

7.66x 10-2

4.3.5
543  .COD
(Ca) (Na)
3,420
810, 4,550 3,510
(26)
(Na)

8.89

(Ca)

2.92x10~2
2.92X10-2

[l

4.49*10-2
13.33

13.33
5.17*10~2

8.89
7180, 3,400
13-33

13-33



SS, vss (g/m )x103

8

12.0 [ I T [ T [
OO = SS Effluent
10.0 — -
AN\ = VSS Effluent
8.0 | =
6.0 — —
4.0 (— =
2.0 L -
0 | | | | | |
3 5 7 9 11 13 15' 17
Hydraulic Retention Time (days)
4.14 (Suspended Solid, SS),

(Volatile Suspended Solid. VSS)
(HRT) , 5.43  .COD



Efficiency of COD Removal (%)

19

100 I T ] [ |
80 (— —
60 [~ -
40 — =
20k =

0 | L | | | |

3 5 7 9 11 13 15 17

Hydraulic Retention Time (days)
4.15 COD (Efficiency of COD Removal)

5.43

.COD

(HRT)



Gas Production (ml)x10 2

12.0

10.0

(e 2]
(@)

(@)
(@

~
o

2.0

80

l I [ | I
= —
_
L A -
] | | | [
8 10 12 14 16 18
Hydraulic Retention Time (days)
4.16 (Gas Production)
(HRT) 5.43  .C0DN
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10.0 T
8.0 -
= 6.0
s @
;5 4.0 A
= 20 _
0- l | i l |
4 6 8 10 L1249 \ 14 16 18
Hydraulic Retention Time (days)
4.17 (Methane Production)
(HRT) , 543  .COD
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