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A Study on the Development of Methane Emission
Factor and Its Applicability in the Wastewater
Treatment Plant

Young-Sung Kwon

Interdisciplinary Program of Farth Environmental Engineering, Graduate School,

Pukyong National University

Abstract

The emission factor for calculating GHG emissions 1s an important
parameter for the establishment of mitigation policies and establishing the
inventory to implement an assessment. The emission factor that applies
when calculating greenhouse gas emissions at the wastewater treatment
plant in Korea was-developed _about 10 years ago, and it does not reflect
the changed sewage policy.~ When  the " national emission factor was
developed, uncertainty assessment, the most important factor for reliability
was not done. Uncertainty about the national GHG emission in the WW'TP
was evaluated using the IPCC G/L default value.

Through the -categories analysis, This study evaluated a reasonable
development range for the CH; emission factor in the wastewater

treatment plants and established a methodology for CHy; emission
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measurement. Seven sites were measured to develop the emission factor
based on category analysis and established measurement methodology.

To evaluate the uncertainty, the uncertainty factor that influences the
CH; emission factor was investigated. The uncertainty was calculated
using a sample error propagation equation and the appropriateness was
reviewed.

The results of the CH; emission calculation about the each WWTP
reactor, showed a high correlation(R*=0.9284) between the total CHj
emission and the 1st clarifier CH4 emission.

CH; emission characteristics— are —determined by the operating
characteristics such as a influent characteristics and-sludge recycle rather
than process-specific characteristics.

CH; emission factors of the WWTPs were calculated as 0.007 kg
CHykg BOD(max value : 0.030 kg CHykg BOD, min value : 0.00076 kg
CHy/kg BOD, standard deviation : 0.010 kg CHi kg BOD). As of 2011 the
national calculated GHG emission for the WWTP sector, using the
emission factor ‘developed in this study, 1s 7.1 Gg CHy

Survey results for. uncertainty factors included CH4 concentration, carrier
gas flow rate, chamber area,-BOD concentration, sewage treatment plant
influent flow rate and the site area. There are 21 variables at the detailed
uncertainty component, including the representativeness of the measurement
period and error of the analyzer.

The evaluation results of the CHy emission factor uncertainty, through
the sample error propagation equation, is a 0.007£0.002 kg CHykg
BOD(about 95% confidence interval, A=2).

_xi_
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To identify the factors affecting the uncertainties, contribution portion
analysis was undertaken. “Methane concentration(61.3%”) was the highest
contributing factor. “The representativeness of the Measurement
period(49.1%)” was the highest detailed contributing component.

Further, The evaluation results of the CH; emission factor uncertainty
using the Monte Carlo simulation is presented to suggest the improvement

directions of the uncertainty evaluation.

- Xii -
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Fig. 2.1. Schematic diagram of the wastewater treatment plant
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CH,Emissions
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Fig. 22+ IPCC G/L¥= W&o Alud Zolvh 1996 G/LAlA = &t
A A Ao A mEss g EedFoes 42 Yol At
dotes AAletaL vk GPG 20009 wE W=
Hlarsto] sk g Ak Al Aol o] vig mjEFa S A AgeAel

Fo the A om ALtk el ofd shtel kA
Ag Agste] ALt Abol7h Atk 2006 G/LO] wiE viE AR R ol
M= 1996 G/L 3L GPG 20003 wizb7bAl = ef= B Akl He= g2 sto] A

4>
e
>
[
i)
o
o,
oo
g
oty
il
kl
1
QL
N
=)
o |
o
A0
i
32
o
B
k=
rol
SO
e
&
¥
o
o

2006 'IPCC G/L

* E o g =[= R7IBE -
SEAIE HMEls #7183 #

;u.ell 1996 TPCC G/1 —

o Zioi WEY - 5§

St SEE S+ - 2iF] Pl

= AR MHEl

CH, s Ly EEE R WA= AABE DT WS
i i . f A% - dey

-

LY

T

ey

® = o|E W = (E$ 97| T =
arll | e m-;ég ! ~gafams = omes Pttt
s E?g,ff"‘;?ﬂﬁ?’ s g el e CREAS - 2iam

oo iaima gEY - A% o
%"‘ 3 BuE < saay ’Eiﬂli s M8
20 TaRE, iz

s ® CHANE HiEE = TS x
Ha| SYUSH AeHA~Ho|
N;O BiE x DPEE A5 < diEAS
—
® oISt (| DHE 2 @IS o T 20 BASIA HSHS ® oA ol =30| Bitg |
£0| HEnol HENCE FWE e = T olE RES INHAT &
At - 2T TS IS SEA H fRn e Rt R7IET0 gaixl= A
B 2 £ RIISES HAMY.

Fig. 2.2. Comparison of the IPCC G/L method about the wastewater handling
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O &t o mE viE=HEAD)
= {P X Dgom * (1 -~ DSgom) x By x Z(WSi x MCF,)} - MR;
o] 7] ol A,
D Q1| Dy © 1909 70w 23] 7153t 1% 4 BOD/QY)
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Ao AR ol okl shtel WAL el At

O sfaroll ok gt &= (E/D)
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EF; = By < MCF,
EF; : 9l & 4147, kg CHykg BOD
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0.6 kg CHy/kg BODE AH&% & Slthal Al A ¥ o] ATHIPCC, 2006).

MCF= #7]%0°] Weoz dupg ko] 7hsd7He YERl= fe= |
IPCC G/LelA= MCF 7|&d¢< AgEd 2 Agraddz 3714 92 714
Ao f-g 7leo® 5o ATHIPCC, 2006). Table 2.1 2006 G/LolA
AA = & MCF 7] 2gke] th.

MCF¢] 4% A27} At nefste] AAHHAoH, 7E2A L2 AgdH o]
S71elw 07l AL g1 dHE Aeld Aes 1 ke R 8t
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"Treated system, Centralized, aerobic treatment plant”®] Range(0~0.1)H %
el A A&7t 3 55 Fsked MCF#te ZdAste] Agsta e o=z
b,
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Table 2.1. Default MCF values for the domestic wastewater

Type of treatment and

discharge pathway or | Comments MCF! Range
system
Untreated system
Sea, river and lake Rivers with  high  organics
. . . 0.1 0-0.2
discharge loadings can turn anaerobic.
Stagnant sewer Open and warm 05 04-08
. Fast moving, clean. (Insignificant
Flowing sewer
amounts of CH; from pump 0 0
(open or closed) s
stations, etc)
Treated system
. . Must be well managed. Some
Centralized, aerobic CHy can be emitted from settling 0 0-0.1
treatment plant 2
basins and other pockets.
Centralized, aerobie Not well managed. Overloaded. 0.3 0.2-04
treatment plant
Anaerobic digeLRor CHj recovery 1s not considered here 0.8 0.8-1.0
sludge
Anaerobic reactor CH, recovery is not considered here. 0.8 0.8-1.0
Anserchic shallbflaeon BT BN 9 |Y8d | 0-03
expert judgment.
Anaerobic deep lagoon DRYI0 (gicifes Depth 0.8 0.8-1.0
more than 2 metres
Septic system Half of BOD settles in anaerobic tank. 0.5 0.5
Dry climate, ground water table 0.05-0.1
Latrine lower “than latrine, small family 0.1 ' 5 '
(3-5 persons)
Dry climate, ground water table
Latrine lower than latrine, communal 05 0.4-0.6
(many users)
Wet climate/flush  water use,
Latrine ground water table higher than 0.7 0.7-1.0
latrine
Latrine Regu}ar sediment removal for 01 01
fertilizer

1 Based on expert judgment by lead authors of this section.
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2.3.1.1 &7 +%(2000, 2002)
@A T sheRok eAsks WEF
=79+ 0.01532 t CHyt BODE o= 24 5-(2000) 2 274 5-(2002) A=

rr

H gk w

_

o
055

NEE I E R

Harsk grog spEnbH 2 Ayl 52 Table 2.29 2t}
S H-o] AG(2000)= ETZAHAESHATH 2740 A HAA, sFF,
TV A A A SolA 7] 13 A EAHST GCFID)E EA39g o, sy

o ATEE EFBAEAATY L HALBE AFALAL 47 17

==

Aol el d HAARA, dAF - HF JHA, 5%, Lstx Tl disiA AEdE
2 43] ANEAFHF GCFID)Z 435 .

Table 2.2. CHs EF of MOE

MOE(2000) MOE(2002)
EF 0.0207 9.9480x107°
i Activated sludge : 1
Process Activated sludge : 2
RBC :1
Sit Grit Chamber, Thickener, Grit Chamber, Digester,
e (Gas storage tank 1-2 clarifier, Thickener
Method Chamber Method
Analysis GC(FID)

2.3.1.2 59373 784 (2007)
ZEs AP AFQ007NNAE 5 2 T (5-Staged ¥, ¥
Fd o,

03:

i

Ol

&A1& %, Deniphod¥, SBREH)E 13 Almif#F GCE £4
A& Table 2.3% 2t

dAH =

Hm

7} zte]
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Table 2.3. CHs EF of NIER

Process Activated 5 Stage DeNipho SBR
sludge
EF 0.00161 0.00057 0.00288 0.00414
Anaerobic,
1st clarifier, Anaerobic, Intermittent Aerobicl,
Sit Aerobic(in), Anoxic, Aerobicl, Anaerobicl,
ite
Aerobic(out), Aerobic(in), Intermittent Aerobic2,
2nd clarifier | Aerobic(center) Aerobic2, Anaerobic?2
Aerobic
Method Chamber Method
Analysis GC(FID)
2.3.2 S &AL
=9 stitol WiEAS D Al = Ak ¢ FASHAl B2 H 71 EEoF

of Hlsle] A2 Holw, UdATE SAYA Y Te] FUAl gl el A
s mwEtz)o) ot weta B AFo A= mEAgo] i AFEA
55 1dste] ANNEX I = 7k7F 57F 472 oldlEd] B a4 (NIR) 2HA A

7=
oA A FE(H e, vHY §) 2 AgHEr|EAe, 871

Z )l mEka] FEste] ok mMEHS Abgs vd 2
A7k wjE® o W ARE =7 24A7EE JddE BRAANIR)EH =
. Fig. 2.3 2006 G/LellA AlAlstaL 9= shEA Al =d 8l A
2425 YER I glrh
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Domestic/industrial wastewater

//\‘
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Untreated Treated = = - / \
reated on site "
3 3 Untreated
LT el 4 Domestic: latrine. septic tank
Riveis: Takis, Stagnant Sewered to Industrial: on site plant /
estuaries. sea SEWeET plant
Wetland Rivers. lakes. To
estuaries, sea ground
Aerobic treatment Anaerobic treatment
Sludge | Reactor Lagoon
Anaerobic Land Landfill or
Digestion Disposal Incineration

Fig. 2.3. Wastewater treatment systems and discharge pathways
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Fig. 2.4. CHs EF about the WWTP in the ANNEX |
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Table 2.4. CHs EF about the WWTP in the ANNEX | .
WWTP
Country EF
Inclusion of category Method

Emission factor MCF*BOD EF
1 AUSTRALIA O GPG 2000 D 0 -
2 AUSTRIA O GPG 2000 CS 0.162 -
3 BELARUS X X X - -
4 BELGIUM X X X X -
5 BULGARIA O 2006 G/L D 0.18 -
6 CANADA X X X X -
7 CROATIA X X X X -
8 CZECH O GPG 2000 CS 0.03 -
9 DENMARK O GPG 2000 D 0.0018 -
10 ESTONIA X X X X -
11 FINLAND 0O 1996 G/L CS 0.00625 -
12 FRANCE = x ” - -
13 GERMANY X X X X -
14 GREECE - - - - -

- 24 -
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WWTP

Country EF
Inclusion of category Method

Emission factor MCF=BOD EF
15 HUNGARY 0 2006 G/L CS 0.03 -
16 ICELAND X X X X -
17 IRELAND X X X X -
18 ITALY O GPG 2000 CS 0.03 -
19 JAPAN o) CS L2 X 5287 mg CHym’
20 LATVIA X X X X -
21 LIECHTENSTEIN X X X X -
22 LITHUANIA (0] GPG 2000 CS 0.0018 -
23 LUXEMBOURG X X X X -
24 MONACO X X X X -
25 NETHERLANDS X X X X -
26 NEW ZEALAND = 1996 G/L CS - -
27 NORWAY X X X - -
28 POLAND X X X - -
29 PORTUGAL O GPG 2000 CS 0.006 -
30 ROMANIA O 1996 G/L CS 0.027 -

- 25 -
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WWTP

Country EF
Inclusion of category Method

Emission factor MCF=*=BOD EF
31 RUSSIA - - - - -
32 SLOVAKIA O 2006 G/L D 0.06 -
33 SLOVENIA O 1996 G/L D 0.03 -
34 SPAIN 3 N F- - -
35 SWEDEN - = & - -
36 SWITZERLAND O CS CS - 55 g/inhabitant
37 TURKEY O 1996 G/L D 0.06 -
38 UKRAINE - - - - -
39 United kingdom = - F - -
40 USA O GPG 2000 CS - -

noted

Inclusion of category : O(Included), X(not Included), -(Not-confirmed)
EF : CS(Country Specific), X(Not Included), ~(Not Confirmed)
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Table 2.5. Estimation procedure of the GHG measurement uncertainty
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Table 2.6. Typical strategies for dealing with different causes of
uncertainties

Strategy
Causes of Uncertainty C'oufe‘;::;]liesgﬁon Empigirnl Expert | Other Comments 1
and Model 5 ni:'i{]; tical judgement
Formulation [~ £
Have key components of the system been
Lack of completeness J onutted? If so. what 1s the quantifiable or

nonquantifiable effect on svstematic error?
Proper QA/QC should belp avoid this.

Is the model formulation complete and
accurate? What is the uncertainty in model
Model i | i predictions based on validation of the model?
(bias and random errors) What 1s the estimate of model accuracy and
precision based on expert judgment if
statistical validation data are not available?

If data are lacking, can expert judgment be
used to make inferences based on analogous
Lack of data v (surrogate. proxy) data or theoretical
considerations? May be related fo lack of
completeness and model uncertainty.

Lack of
representativeness of J y y
data
g E.g.. statistical theory for estimating
?Ens;;zl y - § confidence intervals based on variability in
Amping the data and sample size.
Measurement error: J J
random component
Measurement error:
systematic component A \ QAQC and verification may provide insight.
(bias)
Misreporting or ; g
Yokt J V Proper QA/QC should help avoid this.
Statistical or judgment-based approaches to
Missing data J J estumating uncertainty because of non-

detected measurements or other types of

missing data.

1t is good practice to apply procedures for QA/QC and verification-prior to or combining with developing uncertainty estimates
according to the guidance m Chapter 6. The QA/QC and venfieation procedires provide a useful basis for preventing mistakes and for
identifying (and preferably correcting) biases. Furthermore, QA/QC should prevent or help detect and correct misreporting and
musclassification emors, and there should be iteration between uncertainty analysis and QA/QC if application of the uncertainty methods
uncovers potential QA/QC problems.

2422 Bgdx F3
Fig. 25% IPCC G/LAIA AAISF AubA el Bale BAe] A4 Fxo|t}
(IPCC, 2006). B3%= 4o (1) Mdsh 2 28 2 (3) 99 (S 549,

FEE Tt WEAP)SG HRl ERE I olE A AL 27 BEHEY

_30_

Collection @ pknu



b g elo] & 4 k. A48 7y 3k (conceptualisation) o Al Al ZtE | o] =

AWMEZ S Fx P FF(sector)o] o T3k @ pAeln), ol gt 7HA
S A9 W9 Temporal averaging time, Hi&/SF ZEA A = 247149

FF 52 TPV A4 L PPES) A 4u L AT 99 L7 2
Aahel, AR EmE b3 EE A" Aol ol® Amggel £AY F

Ao oA okutek AR FHHIPCC, 2006).

Conceptualisatiorn
Data Collection |—,] Background Assumptions
and Methodological Choice

'\

5
¥

1 a r
Input Uncertainty | .~ e B

Ouantification |~ Emissions/Removal
Estimation

” |

Combination of Uncertainties j Emissions/Removals

T

(Approach 1 or2) Estimates

Uncertainty
Estimates

Note: Shaded Bexes are the focus of this Chapter.

Fig. 2.5. Overall structure of a generic uncertainty analysis

2423 E8: %

2006 G/LoAA &= Egx9 A4 digk & 7H#] HHS AAlskaL ok 3
< 18 2x=2H(Sample error propagation equations)®]™, HTH 2+= &

H7FE 2 Algeold Ex FAIHE A838h= A oltHIPCC, 2006).
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=9 sheA A ek W v Al ApEAbE T e v o]
et S8 = 3rF 23 A gl dAoth AAR wvh MEE A AE
g vle wE A g B&= IPCC G/LAA A 71R5e 483t

3

Ko, #d A7AE w3 IPCC G/L 7133 A85 AAstaL vk

2235, 2007). 319 el A$E GRE IPCC GLAA ANT 7%
ghe Agstn glom, FAor ARtRY 5 B 4% BRHERS

2.5.1 AL
S SR A e dE e &S Ae Al Gow, 247l

3k BEES AAE 45E Sl 22 vehdth wekx B dpoe &4
7} ~E A W AE(GIR, Greenhouse Gas Inventory & Research Center of
Korea)oll A4 AA7E =7} gl S A5 (S A7EEF A B AE, 2013) 3 #7383
FYHEMC, Environment Management Corporation)®] =W st g]A| Aol of
& =8 AUt digh A7AR(FA v, 200004 AA g =2 2
o] tisix] A ESkTh Table 2.7 skspA @Al tigh gk wiEAl+o] &
g% FGrte] gk = AFARE ok

il

Table 2.7. Uncertainty of the CH4 EF

Parameter Uncertainty range
MCF : 10%

GIR(2013 £32% 2006 G

( ) 6 B, T 30% /L

MCF : 10%

EMC(2007) £32% 2006 G/L

By : 30%
- 34 -
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e wEAe] 8= Hrbel digh Abels wigk wjEAlgel gk sfielate ot

FU FH7h 27k QiR BaA A A8 BEE AE 2AEC,

25.2.1 =9 F7MYRE

2006 G/LeIA A ARE sppA e Al el High S8 b WH2 Table 2.8
7 ZTHIPCC, 2006). B +30%E 7] g o2 AAsdon, MCFE 7144
QL Wl oEst7] wiTel AE7be] dES 2= Atk R AYEA K=
A=+ 50%, st R A HA ke ARAEL & 30%, & dEEe

TS AYAA, 25kx BEEEE £ 10%= Al Al At
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X
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ot
s
fob

L
@3 ¢ derE By £ 30%, MCF + 10%&5 A &3k x3ste] By wg

HEAY] B8 EE £ 32%= AP Ao

Table 2.8. Default uncertainty ranges for the domestic wastewater of the IPCC G/L

Parameter Uncertainty range

Emission factor
Bo + 30%
The MCF 1is technology dependent. Thus the

MCF

uncertainty range 1is also technology dependent. The
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Parameter

Uncertainty range

uncertainty range should be determined by expert

judgement, bearing in mind that MCF is a fraction and

must be between 0 and 1. Suggested ranges are

provided below.

Untreated systems and latrines, = 5096

Lagoons, poorly managed treatment plants, + 3096

Centralized well managed plant, digester, reactor, £ 10%

2.5.2.2 ANNEX [ Z7}¢] 28 %
ANNEX I =7HEU #Al£]))9] 3l4=%
EAGol g £8= fs ga
IPCC G/LolA A3
w7k e oste BEwgS
¢ Egwo] Hugd HAighe] #
Agsgon, &

AN =k

c}.
% 8N =7k

.

w9lom,

1%
30.9% % A A 5] o]

F 24709) s5itorel B

(e}
=

4 g AL

2

o} 2 o}
A=

R = &
EUZ 7kl Al A&

o

o

s e %]

-

Bl ol =

o
=

Al

[e)
E‘T: =

2

AT,

Fig. 2.6 ¥ Table 29%= ANNEX T 407 =7HEUA L) digh shatoFe]

H g v EA g g3 &
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W Mot estimation, Mot Confirmed
B IPCC Defaultvalue

W experts judgements

B C5 Method

B Mot Confirmed

E

Estimation (Country, unit)

(60%]

Fig. 2.6. CH4 EF uncertainty about the wastewater handling sector in the
ANNEX |
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Table 2.9. CH4 EF uncertainty about the WWTP in the ANNEX |

Uncertainty
Country Activity data Emission factor
data Source data Source

1 AUSTRALIA 0 = 50 -
2 AUSTRIA 20 Experts judgements 50 Experts judgements
3 BELARUS - - - -
4 BELGIUM 20 Experts judgements 70 Average of EU(max, min)
5 BULGARIA 30 - 30 -
6 CANADA % o - -
7 CROATIA 50 Experts judgements 30 IPCC G/L default value
8 CZECH 21 Experts judgements 50 Experts judgements
9 DENMARK 24 IPCC G/L default value 32 IPCC G/L default value
10 ESTONIA 30 IPCC G/L default value 30 IPCC G/L default value
11 FINLAND 6 Experts judgements 27 Experts judgements
12 FRANCE - - - -
13 GERMANY - I - -
14 GREECE 30 IPCC G/L default value 100 IPCC G/L default value

_38_
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Uncertainty
Country Activity data Emission factor
data Source data Source
15 HUNGARY 43 IPCC G/L default value 30 IPCC G/L default value
16 ICELAND - - - -
17 IRELAND - ' - -
18 ITALY 100 IPCC G/L default value 30 IPCC G/L default value
19 JAPAN 104 Statistical uncertainties 30.9 Actual measurement data
20 LATVIA 10 = 30 IPCC G/L default value
21 LIECHTENSTEIN 2 = - -
22 LITHUANIA 30 Experts judgements 44 IPCC G/L default value
23 LUXEMBOURG = = = -
24 MONACO - - = -
25 NETHERLANDS 20 Experts judgements 25 Experts judgements
26 NEW ZEALAND b - - -
27 NORWAY 25 r: 50 -
28 POLAND 30 I 100 -
29 PORTUGAL 30 = 38 -
30 ROMANIA 20 Reference 42.4 Reference
- 39 -
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Uncertainty

Country Activity data Emission factor
data Source data Source
31 RUSSIA - - - _
32 SLOVAKIA 5 N 100 -
33 SLOVENIA 10 100
34 SPAIN T - - _
35 SWEDEN — - — _
36 SWITZERLAND y, W) 21.21
37 TURKEY 15 19
38 UKRAINE = — N _
39 United kingdom = — . _
40 USA , - - _
- 40 -
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= oaAAe Bdol Aolel edE E(efolwn 4w F gew,
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Feltetel A s Qe o2 FRAW oo Wik o5 % Rk
2 PRl APsn Uk 20074 VESE 4 Y SA wAgRE of
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Table 3.1 st Al e AHelses vebdar Avh(3H4 5, 2011). 2005
d o] % strA gAY AAEH B AAAFS Frsta ey, 1 St
&2 HAH gaste FAE Holal gt o]y AR sFEA A ] e

TH TEUNAS AR s
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Mol MAGF F/HE e Eod Aoz ARAHITHY T, 2011).

, 22 A 2001dels AASE 2 AAA 2 ol
oF 95%°l st ot 2010l 1 H]&o] 35% o]st®

= UEzAdo® 33 A= 2001d el A8 B AeHEo] ofF 190l MEE

o}, 2010l = L H]Eo] 68%7HA

SQdell et Al skel ofsiA 33k A2l (A=A E]) Al o]

aen, #5 PRF £471F 28 2 A

2 Q8 37 Ael gL

Table 3.1. Treatment capacity of the WWTP

(Unit : 1,000ton/day, %)

Classification 2001 | 2005 | 2007 | 2008 | 2009 | 2010
Design capacity | 18,400 | 22,469 | 23,316 | 24,430 | 24,754 | 25,118
Fotal Actual occupation | 15,771 | 18,026 | 18,287 | 18,351 | 18,469 | 18,738
Design capa. 530 - ¥ . - -
Primary | capacity | ratio 2.9 0.0 0.0 0.0 0.0 0.0
treatment Actual capa. 630 230 8 10 14 44
occupation | ratio 4.0 1.3 0.0 01 0.1 0.2
Design | capa. | 17,603 | 16,176 | 14,788 | 11,014 | 9,045 | 8453
Secondary| capacity | ratio B.7 2.0 62.1 45.1 36.5 33.7
treatment |  Actual capa. | 14949 | 13320 | 11,834 | 8845 | 7,057 | 5886
occupation | ratio 948 | 739 646| 482| 382| 314
Design | capa. 267 | 6,119 | 9,028 | 13,413 | 15,709 | 16,665
Tertiary | capacity | ratio 15 272 379| 549| 635| 663
treatment | Actual capa. 192 | 4476 | 6453 | 9,495 | 11,398 | 12,808
occupation | ratio 12| 248| 352| 517| 617 684
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Table 3.2 ‘9@ % 7|5 Al &2y 333t gA|d dAstolv}, A4 &=
109FE o] Ato] JRAFHIE 11.7%G1/HA)e wHHe, AAdgHE JFors=
80.7%(19,738H E/A) 2 =] stFAHYA AL it Al

O O o)} 2= 0]
= =2 T M
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fr
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ol
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=
%0,

Table 3.2. WWTP classification of the each design capacity
(Unit : 1,000ton/day, unit, %)

1 1~5 | 5~10 | 10~50 [50~100{100~500| 500
under | under | under | under | under | under | over
437 70 124 61 102 29 37 14
(100) | (16.0) | (284) | (14.0) | (23.3) | (6.6) | (85) | (3.2)
24,731 | 46 304 | 411 12291 | 1,941 | 7,609 [12,129
(100) | (0.2) | 1.2) | (1.7) | (93) | (7.8 ] (30.8) |(49.0)

Classification Total

Unit

Design capacity

Held Fwd §Rde E4S R ey S BRad. FulseA
2] A& 2007 7] Fo st ) A4S 3677027t
SogdE 1 gglom, AMEFe 23735000 B/ 800] ERY AeTHow
d2] = ok 7 el B A1 = 20073 20099 B Al A g2kl 500E/Y
ol el seAEA A da Adsgon, 271A BHE Bl e n 9
= oagAg AL gald dEel dsAddT TR & 4sw T
Raho] RASYY B Aol A= IPCC G/LAA AFd Aol ha o

g melstn T RO 5HL TR/ A4 YRS A% 1wA

N
>
X
op
off
o
S
S
f
e
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>
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1
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thokste] FHol FAEE AGE A0AYE, MediaAld, SBRAYG, nAEAL
318 sEAgAIdel FdE JhHay BEFZE

2
ol Table 34% 1= AddE g o|t}

Sewerage treatment process

Tertlary treatment process

Secondary treatment process

A20, DNR, MLE, HDF, KSBNR, NAP,..

Fig. 3.1. Classification of the WWTP

SBR. KIDEA, PSBR. CSBR, BCS...
B3, HBR, HBR-N

=
(Y

PIC, ArenitP, SHR, KN-NEW5, DMR...

Table 33& 20073 200049] sh=A23Hd AL g% 0&S 42 v
W e 200737 2000 9] 7 FHE M & ASHAAT BEB LA
M, AO7Y, MediaZl o] 25 49 37)e] E3hs|glom, A8 gare] 4y

%

& EF 0% oS AAFS B & AHIFE
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Table 3.3. Design capacity of of the WWTP

(Unit : unit, %)

Collection @ pknu

_45_

2007 2009
Category Process : :
Unit Desgn Unit Desagn
capacity capacity
Total 367 100 442 100
Secondary | Activated sludge 20 619 49 359
treatment process
Tertiary
treatment AsO type 86 25.0 102 35.2
Tertiary .
treatment Media type 38 6.1 86 224
Tertiary
treatment SBR type 86 3.8 129 3.1
Tertiary .
treatment microbe type 17 1.8 17 14
Tertiary Others type 7 0.9 2 14
treatment
Secondary Oxidation ditch 4 05 o4 06
treatment process
SeCondary | g ool 13 0.4 14 0.4
treatment
Secondary |‘Extended aeration 10 04 8 03
treatment process
Secondary | Contact oxidation 5 04 6 04
treatment process
Table 34+ ‘07d% 71+ 12X AlGT-Tol wE HE JAaF 2 AJEE
ZFS Yeha Ao AL OAIES] 4F AO3H, DNR&H % 4-stage BNR3H
B2 TS AL 9o, MediaZ]l @ell4 = NPR&® 2 DeNiPhos H ©]
F2 THYS & 5 Ak



Table 3.4. Design capacity of each process in the tertiary treatment process

A0 type Media type
Classification Unit |Design apacity | % Classification Unit | Design capacity %
A0 18 2753.0| 116 NPR 3 502.3 2.1
DNR 20 990.5 4.2 DeNiPho 15 4215 1.8
4-STAGE BNR 5 852.0 3.6 BIOFOR 2 255.0 1.1
Cohesion Graulation 1 285.0 1.2 CNR 7 173.9 0.7
MLE 6 2319 1.0 BSTS-1I 3 41.0 0.2
BNR-c 1 149.0 0.6 Biostyr 1 30.0 0.1
ASA 1 146.0 0.6 BCF 2 11.6 0.0
MAAO 1 103.0 0.4 Bio-SAC 2 85 0.0
KS-BNR 3 96.2 0.4 KS-BNR 1 75 0.0
HDF 7 79.6 0.3 SWPP 2 7.0 0.0
fntermitint aeraion |3 72403 total 33 14583 61
P/L-TI 2 28.0 0.1 SBR type
Bio-SAC BNR 1 25.0 0.1| Classification Unit | Design capacity %
S-BC 1 25.0 0.1 CSBR 3 513.0 2.2
pure oxygen
aeration+chemical 1 24.0 0.1 MSBR 2 134.0 0.6
sedimentation
BNR 2 16.0 0.1 SBR 34 112.7 05
VIP 1 12.0 0.1 KIDEA 10 36.1 0.2
NAP 1 11.0 0.0 ICEAS 10 336 0.1
5-STAGE BNR 1 6.0 0.0 ACS 3 15.1 0.1
BNR3 1 6.0 0.0 PSBR 5 142 0.1
MS-BNR 1 53 0.0| Vortex flow SBR 5 10.3 0.0
TEC-BNR 1 4.0 0.0| Fluidyne SBR 2 9.0 0.0
HANT 3 2.2 0.0 CASS 3 85 0.0
Queensland 1 20 0.0 BCS 5 5.5 0.0
symbio 1 1.7 0.0 OMNIFLO 1 3.0 0.0
ACS 1 09 0.0 C-TECH 1 2.0 0.0
KNR 1 09 0.0 2A20 2 1.8 0.0
total 86 59286 25.0 total 86 898.8 38
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Table 3.5. Selected Results of the-Study sites
(Unit : 1,000ton/day)

Site Type Process Design capacity
A AO AsO process 630
B A0 AsO process 520
C A0 4-stage BNR process 300
D Media NPR process 600
E Media DeniPho process 520
F A0 MLE process 500
G A0 AsO process 460

Aol 24 oy s

&
ACh
o
L
r o
Z
@)
oK
oL

, 4-Stage BNR3 %, NPR

3.1.14 38N L
7]') AzO:o"']ﬂ
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71EQANA sz WESAS F7HE Aoz AOERelA HaAlA

FAdFe mELEe A7 @ 7] Z(Anaerobic basin)® - E o] <1 wWEy}
F71%0] AH7} o] Fo] A i, FAAZF(Anoxic basin, A X)NAE S FE

(HA49 <], 2002).
Fig. 32% A,08He A AE =0t}
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Fig. 3.2. System diagram of the A.O process
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Fig. 3.3. System diagram of the 4-stage BNR process
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Fig. 3.4. System diagram of the NPR process
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Recoding of I | Recoding of ‘
Gas flow and Pressure | | Concentration(CH., N:O)

N I Recoding
-Pressure Analyzer y j of Temperature
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- Data flow
— Iass flow
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Fig. 3.7. Schematics of the measuring systems
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Table 3.6. Performance test results of the analyzer

Results
Item —
Criteria CH4
Zero drift 2% 0.6%
Span drift 2% 0.29
Repeatability 2% 0.3%
Linearity 5% 1.9%
Response time 5min Under 1min 40sec
Table 3.7. Test results of the analyzer
Results
Item
CHy
Zero drift 0.02%
Span drift 0.46%%
Repeatability 0.02%
Response time Imin 40sec

Table 3.8. Status of the carrier gas and the calibration gas

Carrier gas/Zero calibration gas

Span calibration gas

(Ny, %) (CH4, ppm)
Purity : No, Min. 99.999% 1. CHy * 301.2
0y : 1.0 ymol/mol 2. CHy @ 99R1
TH.C : ND 3. CHy : 4987

H-O : 1.8 pmol/mol N, Balance

Uncertainty : +5%(Min 99.999%)

U Confidence level about 9% A&=2) +2%

_55_
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om, o] §7ta 57,

S AAeA T Table 3.9+ 57,

Table 3.9. Specification of the measurement unit

Class. Flow meter Thermometer | Pressure gauge
Maker FATHOM - Endress+Houser
Form Mass flow meter K-type Ceraphire
Range 0~7LPM -20~100 C 200kPa
Uncertainty £0.38% £5.08% +0.0863%
(Confidence level about %62 A=2)

Certification : KTL(Korea Testing Laboratory)

Table 3.102 3]4&(Percent Recovery) AslZytojt} 3|+=&A8L2 US.
EPA(1986)el 4] A Al gk W o2 Fefsiglon, AAA3 3|F8&2 905%%
ZAEoH, ol BEgdx AHAA st

=
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Table 3.10. The results of the recovery rate

Time(min) Recovery rate(%) Notes

CHy

0 15.6

2 40.2

4 52.4

6 59.8 11

8 71.5

10 7.3

12 30.3 2T

14 83.6

16 85.6

18 37.8 3t

20 89.0

22 89.9

24 90.5 4t

26 90.4

28 90.3

30 90.6 5T
- 57 -
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3.1.22 WiEAF AR

b

EAg A AldAz 22 F ded AdAs AE A

au)
Ay
o,

(A <], 2010).

O A wes=(Y;) : Measured concentration be converted ppmv-C to

wg/L for point i

C X M o Pf TI‘
Y =R N T AN T (3.1)

Y A e 58 (ug/L, 906, latm 7] E)

Ci t AR Mg 545 = (ppmv)

M, = #W&g =A2(16 g/mole)

Pt iA8e] #e F shE(atm, o719 latm A -§)

R : o] &7 A144=(0.08205 atm-L/mole - K)

Tt iAAE Z8 2 3 YR dd =K, & 0C=273.15 K)
T @ BFAE07C, lam) e Adl2%(273.15 K)

O A" ¥k2bEk(E;) : Emission rate for point i

xY .
ey .

E @ iA78 9 e @Ak ek(ge/(min*m?))
Q: AME FYE o577t FF(Sweep air flow rate, L/min)

Y; s iA e WE FE=(ueg/L)
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O A3 wEA(EF)

E AR,

— 1w x -9y _ _ __
EF ;=755 (6024 10 =) (3.3)

EF; : iA39] we wiEA4+(kg CHykg BOD)
E @ ix1d¢ wg 22k 2(ug/(minsm?))
AR; @ iX1H el HA(m )
AD : BOD %-3}=%(kg BOD/¥)

O #HZF W= (EF)

EF :i#]3¢] mlgt wjEA5(kg CHykg BOD)
EF : 3 W& vj=A<(kg CHy/kg BOD)

_59_

Collection @ pknu



.
=}

o
=<
4
o
o

A

N

3.2 Hj

—

0
Njo
.

ol

il =7l

J2] A1 770 Aol ol g

*

a4

Ny
g
B
T

=0

)
s

A(GUM)O A AA | Eg e

23de 738 A H

2]

.

3.2.1.1 E+E 3 = (Standard uncertainty)

,Zrl

7H AR Eg =

o]

=
=

wrE e s Tl AR

H AR obdek (el F 3, 2007).

—_
fite)

o)
]

o

_60_

u
Collection @ pknu



1) BE E8x=

X
i
™
)
)
vzel
.5 r

o

A

0|
"
ool

e

)A

handbook, #|2F=}e] If

)
=

71718 A4, Razs

il

o

22!

, 2011).

!
Mo
T
o

ShATH @

jruge]

<

] 2 5-H

*

= =
h

d FAE x7F AR 7F4, G A A, handbook FE+= T

m]

AlF3E F ()

2 Ui o= 3y a s

gl
I

4 Af

A},

—_—

ol

ke
L

2 FoA= A

Fol 4

ZH A =

3

B

9% =

T
L

1515 90%, 95%,

o, Al

b Ak= o] xeol o

R

ER

i

7} 1.64, 1.96 % 2.587°]t}.

R

3Ha )ke] Aol 7}

Eix

o]'?:’j’(éh),

Xioll wistel A g%

_61_

Collection @ pknu



s}
ol

ol

dsta e

80| &

SEE RN &5

-
1

e, HEHow 1 T3k oA

o=
¢+

B
J_,NO

2aztal e Zief uwh

=
+ T a=

a

i

3.2.1.2 A d =5 & = (Relative standard uncertainty)

ki3

A G s AA

9]

=
TH

G97 M=

22

2007).

o

0

Nr

3.2.1.3 §A E+E 3 = (Combined standard uncertainty)

—_
file)

TR

i

o
T
N
2=l

ol

ofe] gEd o

geh(ol F =, 2007).

u (0= 13

_62_

Collection @ pknu



Ny

~

M
o
Ty
NE
s

nze)
Ton
o
&o
]
o
]

N1
o)

A
H

A

ToR
o
oF
o
Nk
X

o

0

,Zrl

s

=0)

)
—_
fite)

ze)

7ol

i

ol th(e] E 4, 2007).

—

0

ﬂ”
T

!
il
B

i

o

N

0

ok

b
o
il

1|

N

w

l
P

/8

4
2007).

[e)
e o

ksl
H

y,
I

)

-

) _Aﬂl
Gt
=y

</

x
IH

Ty

FATHlF &,

5|

Fol obale} ko] A

S

T

=K

_Z?

AR

(p*C]JFI'Jf

y

——————————————(3.12)

() +ulg)’+...

L),

(px g xrx

y:

w2y ke (g

_63_

Collection @ pknu



3.2.1.4 &AE & % (Expanded uncertainty)
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Fig. 3.8. lllustration of the Monte Carlo method

(" Step 1 — Specify Uncertainties, Width and Probability Density Functions )
(PDFs) for all input data
i: = Source % } [g Source z Sourc%C \I
i 3 = i |8 = =
P& 2 g 2 @
o g £ 8 g
o o o o
i Valde Walule l Yalig ¥l Valyge ]
T L T AT it lL‘- ________________________________________ P LA S| TR et PR PN oSl ot - r;
" _/
Step 2 -Select values for variables frem the pl'Db ﬂhl“ty distributions
i : i i i
L ¥ ¥ ¥ ¥ ¥
Select Seleat Select Select Select Select
random valug randaom valug random value random valug| random valus random valug
L of Emissian of Activity of Emission of Activity of Emission of Activity
Factor from Data from Factor from Ciata from Factor from Diata from
distripution distribution distribution distribution distribution distribution
q 7 X 7 7 y
N Vi 5 Wi N / "
4 Step 3~ Calculate Emissions in the conventional wWay
Estimate Estimate Estimats
Emissions - Emissions - Emissions -
Multiply Numbers Multply Numbers Muitiply Mumbers
3
Add sector
£MISEIONS 1o give
total
' : L
Step 4 - Iterate and monitor results
Store Emission
Total in
database of
resuits
Calculate overall
mean and
uncertainty from
database of results
More iterations required | Repsatuntil mean
Repeat Step 2 |- and distributien do
not change
Finished
\. | J

v
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Table 4.1. Measurement results of the A site

CH, Chamber

Process Temp. Pressure

(ppm) (C) (kPa)
Grit Chamber 723 29.0 100.9
1st clarifier 5.4 26.2 101.3
Anaerobic 135 27.3 101.1
Anoxic 41.3 24.6 101.2
Select 4.6 27.8 101.2
Aerobic 104 30.8 101.0
2nd clarifier 0.6 24.9 100.9

Table 42% =¥ g WESsT(Y), 28 2ALFE) @ 249 EAFS
Pt = wiEAs g Ay FARAZFC A 0.000275 kg CHy/kg BOD
2 7M =A YEst ey, 221% s

~
A vt JAARA A Wgw=7E 7HE =4 SAEDAAR, 2 wEHol A

24
™
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D)
=2
>
o
(@)
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N
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ol
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Table 4.2. Calculation of the the EF(A Site)
Y E; EF
Process
(ng/L) (ug/min*m?®)  |(kg CHy/kg BOD)
Grit Chamber 56.33 2040.84 0.0000711
1st clarifier 3.86 139.68 0.00011
Anaerobic 9.64 349.19 0.0000895
Anoxic 29.48 1068.27 0.000275
Select 3.28 118.98 0.000031
Aerobic 7.42 188.31 0.000170
2nd clarifier 0.43 15.52 0.00001
41.1.2 B st gAA
Fig. 43& B slrAgrAde] SAAA S Adsta Aok AAA = ddd
A% 22229 A gsgon Fu A AR Ay Fudd &
R
IAAAE 54E Az iEs da s vz dd 8 5
o7 PR3 =AY on ATS ATHHME AT L AP &7
e WES du TN S on, Firz v B 2 AAE
WS du Aoy oz Rt S8t
7129 F7] aire W71E EFSt AM&sta glow, 7] aird HibE-E
T Hg S A 571 dFolA e sEE FUME SASA
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] ot
29l 02 ppme 2 ZAES . Table 43 HtgtS A83 A¥d ey
T, 2x 9 g8 Aanelt). 571F FF Erld oo £gH e ]
T MEEE ALste AF A

CH; Conc. (ppm)
300

200

100

0 T T T T
&-F &-R 1st-F 1st-R An Aowe-F Ax-R Ae-F Ae-R 2nd-F 2nd-R

Fig. 4.4. Measurement results of the B site
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Table 4.3. Measurement results of the B site

CH, Chamber

Process Temp. Pressure

(ppm) (C) (kPa)
Grit Chamber 33.9 24.7 101.2
1st clarifier 1214 34.0 101.2
Anaerobic 5.5 274 101.1
Anoxic 21.3 25.2 101.8
Aerobic 28.0 254 101.6
2nd clarifier 0.3 259 101.6

Table 44= ¥ HTheR=(Y), 238 SFE) 2 28 HEA5FE Hed

otz WEAF AL Az ARFPAANA 000123 ke CHykg BODE
7 =A yebger, 2212 Aol Al 0.000003 kg CHy/kg BODZ 7HE YA
UEpsh T

Table 4.4. Calculation of the EF(B Site)

Yi E; EF
Process
(ng/L) (ng/min*m”) | (kg CHy/kg BOD)
Grit Chamber 24.20 876.86 0.00000754
1st clarifier 86.67 3140.15 0.00123
Anaerobic 3.93 142.26 0.000018
Anoxic 15.21 550.95 0.0000704
Aerobic 19.99 1055.96 0.000270
2nd clarifier 0.21 7.76 0.000003
-73 -
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Fig. 4.6 Measurement results of the C site

Table 4.5. Measurement results of the C site

Chamber
Process CH, Temp. Pressure
(ppm) @C) (kPa)

Grit Chamber 2449 20.5 101.0
1st clarifier 18.0 21.5 101.3
Anoxic 379 21.8 101.3
Anaerobic 55.5 21.5 101.3
Anoxic 167.5 21.4 101.4
Select 1,141 21.7 101.3
Aerobic 34.4 22.7 1014
2nd clarifier 31.8 229 101.5
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Table 4.6 =¥ w|Ek

off

(Y, 2 HHE

’

g
BN
e
jus)

NEA5 YeEhY
Attt =9 wWiEAF AL 23 )2 S9gEa g AExe A 0.00399
kg CHykg BOD=Z 7} =4 yelton, AR A4 0.0000472 kg CHy/kg
BOD® 7} SHA vEyith

Table 4.6. Calculation of the EF(C Site)

Yi Ei EF
Process
(ng/L) (ug/min*m? |(kg CHy/kg BOD)
Grit Chamber 174.84 6334.61 0.0000472
1st clarifier 12.85 465.59 0.000147
Anoxic 27.06 980.33 0.0000189
Anaerobic 39.62 143557 0.0000832
Anoxic 119.58 4332.57 0.000670
Select 814.57 52710.63 0.00399
Aerobic 60.25 3899.02 0.00115
2nd clarifier 22.70 822.54 0.000431

4.1.1.4 D st A A
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Fig. 4.8. Measurement results of the D site

Table 4.7. Measurement results of the D site

Process i Temp. SCN Pressure
(ppm) LY (kPa)

Grit Chamber 165.6 26.0 101.3
1st clarifier 18.2 36.6 101.0
Anaerobic 74.3 28.5 100.9

Anoxic 110.7 38.9 101.2

Aerobic 67.6 26.4 101.3

2nd clarifier Y.l 32.9 101.3
Table 482 2% wWez%(Y), £ WHE) 3 2d ESAFE e

At 2 wMEAS AL A3 371F9 4 0.0016 ke CHykg BODZ 7V =
A ebkom ) 2371 A= oA 0.000018 kg CHykg BODE 7Hd v Lheby:
o AR O A WebsErt b =4 SAEIA G 2d d Aol AgHow

A7) wFo] AA wargo 7| A M =o oz ALAE T

N
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Table 4.8. Calculation of the EF(D Site)

Process v b B
(ng/L) (ng/min*m”)  |(kg CHykg BOD)
Grit Chamber 118.22 4547.02 0.000050
1st clarifier 12.99 499.73 0.00019
Anaerobic 53.04 2,040.12 0.00022
Anoxic 79.03 3,039.59 0.00090
Aerobic 48.26 3,938.75 0.0016
2nd clarifier 0.79 30.20 0.000018
4.1.15 E 3tsA A4
Fig. 49 E st-deAde] 9448 Austa gk Ia4As dge

a3y Aded Z4890m Foe ABsaY Fodd s
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Fig. 4.10. Measurement results of the E site
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Table 4.9. Measurement results of the E site
Process CHy Temp. ChamberPressure
(ppm) (C) (kPa)

Grit Chamber 484 22.8 100.6
1st clarifier 2,170 32.7 101.0
Bio #1 202 30.3 101.1
Bio #2 135.6 34.1 100.2
Bio #3 23 25.6 100.2
Bio #4 15 254 100.1
Bio #5 2.6 24.8 100.1
2nd clarifier 0.4 26.3 25.6

Table 4108 A4 vEsE=(Y;), AHE HALHE) 2 AFE EATE
ettt =¥ wjEAs i 23 AR el A 0.028 kg CHykg BODE
7V =4 vErster, 223 1614 0.000006 kg CHy/kg BODZ 71 A
LR T

Table 4.10. Calculation of the-EF(E Site)

Yi Ei EF
Process
(ng/L) (ng/min*m”)  |(kg CHykg BOD)
Grit Chamber 345.53 13289.61 0.00011
1st clarifier 1549.17 59583.58 0.028
Bio #1 144.21 5546.49 0.00085

Collection @ pknu
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Yi E; EF
Process
(ng/L) (ng/min*m”)  |(kg CHykg BOD)
Bio #2 193.61 10.47 0.00080
Bio #3 32.98 2.25 0.00013
Bio #4 10.71 577.79 0.000089
Bio #5 1.86 100.15 0.000015
2nd clarifier 0.29 10.98 0.000006

4.1.1.6 F st A A

Fig. 4112 F st de] SAAHS A58t Atk

e
el7k wF APFoE S4A wexe dol B WA w du U F
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Fig. 4.11. Measurement points at the F site
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Fig. 4.12. Measurement results of the F site
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Table 4.11. Measurement results of the F site

Chamber
CH4

Process Temp. Pressure

(ppm) (C) (kPa)
Grit Chamber 1,877 18.2 1015
Division basin 86 18.3 100.9
1st clarifier 434.5 21.7 100.7
Anoxic 46 34.3 100.5
Aerobic 75 24.0 101.0
2nd clarifier 49 39.2 100.3

Table 4.12% 28 WesX(Y), =8 $izk(E) 2 2 wEA5E JeEhy
Aot =¥ wMEAS VT Ay 1AE A A4l 0.0051 kg CHy kg BODZ 714
=A dEbstom, ez A 0.000014 kg CHy/kg BOD=Z 7k SHA| el
FAAA A e sert 7hE =4 SPEHAAR, =28 W] FuHor A7

ol mg WEAss FAszdA 7HE =4 A H AT

Table 4.12. Calculation of the EF(F Site)

b Ei EF
Process (ng/L) (ng/min*m”)  |(kg CHykg BOD)
Grit Chamber 1,340.00 51,538.42 0.00084
Division basin 61.40 2,361.38 0.000014
1st clarifier 310.19 11,930.44 0.0051
Anoxic 32.84 1,263.06 0.00025
Aerobic 53.54 6,276.85 0.0022
2nd clarifier 3.50 134.54 0.000041
-84 -
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Fig. 4.14. Measurement results of the G site

Table 4.13. Measurement results of the G site

Chamber
CH4

Process Temp. Pressure

(ppm) () (kPa)
Grit Chamber 87.9 26.0 101.1
1st clarifier 12.1 30.8 101.3
Anaerobic 62.7 24.7 101.1
Anoxic 21.4 0. 101.0
Aerobic 63.3 25.0 101.1
2nd clarifier 0.5 38.7 1014

Table 4.14= %9 Webs=(Y), =3 TAFHE) 2 = wWEATE e

Yok 2= wiEAS5 A A3 37]F0)A 0.00044 kg CHy/kg BODZ 7}
A =4 vebkon, 2x13 A X oA 0.00001 kg CHy/kg BODE 714 2HA o}

Bttt AR A vl s =rh 7 = SAEJAA, 28 WA o] A
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o® A7) Wi WEAFE S0 AP A A E AT

Table 4.14. Calculation of the EF(G Site)

Yi E; EF
Process
(ug/L) (ng/min*m?  |(kg CHy/kg BOD)
Grit Chamber 62.75 2,413.55 0.000033
Ist clarifier 8.64 332.24 0.00015
Anaerobic 44.76 1,721.61 0.00016
Anoxic 15.28 587.60 0.000053
Aerobic 43.83 1,621.53 0.00044
2nd clarifier 0.36 13.73 0.00001
4118 M&sE Fo] &£4]

Fig. 415 @52 A delAe] CH, B& F45012 dailn itk (A)s
ASolqe] B FolR (A F atAzA e A3 A
FOAY FHA el Brhsel A, AL Ahel S5k 4o v

2 vgo] SAHA Feta A EFHer A A HlM i

A o (D)E EifHEA desert 54
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Table 4.15. Portion of the CH4 emission at the each reactor

(Unit : %)
Site Grit chamber | 1st clarifier Bio reactor | 2nd clarifier
A 9.36 14.47 74.41 1.32
B 0.47 76.88 22.40 0.19
C 0.72 2.25 90.40 6.59
D 1.67 6.33 90.67 0.60
E 0.37 93.33 6.29 0.02
F 10.00 60.88 29.17 0.49
G 3.88 17.65 76.82 1.18
%
; Grit chamber I 1st clarifier I Bio reactor 2nd clarifier

Fig. 4.16. Portion of the CH4 EF at the each reactor
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Table 4.16. CH4 EF at the each reactor
(Unit : kg CHy/kg BOD)

Reactor Grit chamber | 1st clarifier Bio reactor 2nd clarifier

Value 0.00017 0.005 0.00208 0.00007

kg CH,/kg BOD
0.006

0.004

0.002

0.000 -
Grit chamber 1st clarifier Bio reactor 2nd darifier

Fig. 4.17. CH4 EF at the each reactor
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Fig. 4.18. Relationship between site EF and 1st clarifier EF, Bioreactor EF
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o 37|xE $AEHE dYxe 37|22 FEstden, THe 544 7
Z, Fatrz B 37122 F89] E713 E(DeniPhod4), FIMLEZH) 3l
e Al Hlale A A28t A th Fig. 4195 AE2WgxU wg wEn&e
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Fig. 4.19. Portion of the CH4 emission in the bioreactor

Fig. 4208 =43 st5Aeade dat 3714 oAl wemze s
< Yehlx itk E a5 Aade @719249 13- ARA6A E 548
NAe] AA wehilE o] 93%7t WjEH ] E s5AeAd dAe ud g
W] 97%7F F714 27elA wjEEE Zo® vehdth W C a4 A
el Ase @714 2A0Ae v| HESH8L 21%E R E7x(Yx
shold MEslE Aoz vt S4ga s meln AAHos
B 63%2] wlgte] @74 ExelA W& Aoz vehik

B

% I -
100 —_ : -
80 - -
(1] - —
&3
ag -
) . |
a
A B C n ] E F = Bowmr gme

Fig. 4.20. Portion of the CH4 emission at the anaerobic condition
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412 W& WA AE2H

DEAYTUS G TR FTAEAA L RAH BISS E
AA vl EASE AEd Avs Table 417 9 Fig. 4215 2. 844

= A B4l AAGE kel o] ZF wkg 2 wjE A

A543 vw wEAs pEdd, de wiEATs 0007 kg
CHy/kg BODE b= glom olu g2 0.030 kg CHykg BODeIH, 3
2362 0.00076 kg CHykg BODel™, Z+# A= 0.010 kg CHy/kg BODE
A8 = AT

~

Table 4.17. CH4 EF of the each site

Site 0
(kg CHykg BOD)

A 0.00076

B 0.00160

C 0.00654

D 0.0030
E 0.030

F 0.0084

G 0.00085
Average 0.007

Min 0.00076
Max 0.030
Standard deviation 0.010
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Fig 4.21. CH4 Emission factor of the each site

T AFAE ¢ Bl w gt 3+ Table 418 R Fig. 4.22¢F 2t}

Table 4.18. Comparison of the CH4 EF

Case (kg cgj;:}:;r BOD) B 7

National EF 0.00355 National - EF(Except the Recovery)
NIER casel 0.00161 NIER(2007), Activated sludge Process
NIER case2 0.00057 NIER(2007), 5 Stage Process
NIER case3 0.00283 NIER(2007), DeNipho Process
NIER cased 0.00414 NIER(2007), SBR Process
N | o *

Result of study 0.007
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Fig. 4.22. Comparison of the CH4 EF
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2 ATe 34 oA vl EFe] 7P B2 sl 42 A Alske]
How wWEAFE MEstadr] WEol Fudow mg wWEASF7E &
¥ o g ke
9] AFAz el vag AxE Table 419 2 Fig. 4.23% 2t}

we] AFAtE el vjalstel BW, ANNEX [ %7b7F 5 7bR aA] 244 Al
= vlek wlEARe] Bargh(0.04484 kg CHykg BOD)# W]k
ANNEX I =7p7} 57F 247k SilEe] Huxs A 283t

EAF7E F 648 =L Aoz el

rr

Table 4.19. Comparison of the CHs EF of the ANNEX I

LIy kg CHA]}:Eg BOD
BULGARIA 0.18
AUSTRIA 0.162
SLOVAKIA 0.06
TURKEY 0.06
CZECH 0.03
HUNGARY 0.03
ITALY 0.03
SLOVENIA 0.03
ROMANIA 0.027
FINLAND 0.00625
PORTUGAL 0.006
JAPAN 0.002937
DENMARK 0.0018
LITHUANIA 0.0018
Average 0.04484
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Table 4.20. Calculated Results of the CHs; emission

Value BOD load Recovery amount | CH, emission
| (ton CHy/on BOD) | (ton BOD/yr) | (Gg CHy (Gg CH))
National
EF 0.01532 .0 3.6
1,015,481.9
Result 0.007 * 7.1
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Z}zbe] B8 ® 92le] t)d Aol Table 4213 2t}

Table 4.21. Definition of the uncertainty factor
Factor Definition Unit
EFcms CH, emission factor kg CHykg BOD
Ccra CH4 concentration ppm
Qc Carrier gas flow L/min
Ac Chamber area m’
BOD BOD concentration mg/L
Q Influent flow m*/day
A Site area 2
zyzkol B n QgRld tigte] B9 % AAE A% A= Fig. 4.249F &
o W FEE(Caol T EdE AA= iy, iHEA, 48 2 5ol
EA5tA, o] 57k FEF Q) e E3E QxlE Uiy, A¥d= F EE
o] EAgttt, AWM HAA(AYel dis E8 % QA= A =7t =A%t BODF
E(BOD) ¥ FdFHWQe] ozt EdE QIAE dixdy, A% 2 Fdlsol
Ealst, = (A digF ESE AR= FSt vt St

Fig. 4.24. Uncertainty component at the CH4 EF
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=t e Aol 2 58 JE(Type)= Table 4.229F 2t

Table 4.22. Definition of the uncertainty component

Factor | Component Definition Type
Ry cis Representativeness of the measurement A
- period
1 cra Repeatability of the measurement
£ cons Representativeness of the measurement A
- point
Iz cHa Error of the recovery rate A
Cem foar » Error of the zero calibration B
far s Error of the span calibration B
far v Error of the Repeatability calibration B
Akt Error of the linearity calibration B
iy Resolution B
Roc Error of the analyzer B
T Purity of the carrier gas B
Qe e Resolution B
T Error of the MFC B
Ac Rac Error of the area calculation B
Reop Representativeness of the measurement A
period
BOD Lpar Error of the analysis B
Treso Resolution B
Ro Representativeness of the measurement A
period
Q Lnal Error of the analyzer B
TFreso Resolution B
A Ra Allowed error of the building code B
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2) 48 F9 2ddE SAHRS} R EYHE AA

Czepiel P. M 9 A7(1993)sl maw HapxolAe]l 3714

(aerated) @} H] 5 7]4 %7 (non-aerated)ol 41 <] H & Flux(g CHM “day Dell T

3 AAPAE BV FAAAE Flux=161T-9.0(R*=0.78)°]™, Bz 714

719

AE Flux=162T - 143(R*=0.76)= AAIH 1 ot wepa] B dFgxes A&

WE,
o
R
AU
>
il
=2
=
%
>

Table 4.23. Trend of the monthly average temperature

Temperature Flux
Month T CH,M “day !

D E D E
2010. 1. 12 10.7 10.3 8.2
2010. 2. 12.6 114 11.3 94
2010. 3. 15 13.3 15.2 12.4
2010. 4. 16.1 15.9 16.9 16.6
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Temperature Flux

Month C CH:M “day !
D E D E
2010. 5. 19 19.7 21.6 22.7
2010. 6. 22.8 23.6 21.7 29.0
2010. 7. 25.3 26.1 31.7 33.0
2010. 8. 271 26.4 34.6 33.5
2010. 9. 26.1 24.7 33.0 30.8
2010. 10. 22.3 22.1 26.9 26.6
2010. 11. 17.5 18.3 19.2 20.5
2010. 12. 14.7 14.3 14.7 14.0
Value 19.6 224 22.6 27.1
Average N ¥ 219 214
Standard deviation - - 3.62 9.21
u(z) = = 2.49 2.66
u, ()(%) 4 - 11.0 12.4
U 2 3 5.48 5.85
U(%) 1 - 24.3 274

EZrESE 2447 D sS5AIAL L 249 ¢ CHM “day ', E st A4
o] A% 266 g CHM day'=2 A= on B dpoas B3lrr} 2 Eal4
=

Al e dAsteA Al e S8kl el 9% Eg=ghe
&

At g el HALA o] Mgy (789 ppm)oll et A 7|7ke] oA o
T AT £274% N ¢ 5%, k~2.2)7 AR EATH s
o E3I% S 9 HTETE 2 AUETESEE A

=

=
Ay FFEFEE 981 ppme 2 AHAE o AgEEESd s 124%2 At
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u(Rep) 981

= X =12.
. 72.9 100 = 12.4%

=
L= (789ppm)oll gk REEAJel gk g
5%, 4=318)2 AP Ao A st

\=]
=
A Aol A FUstA A LstA Tt Table 4.24% wHE =X Aylo|t},

Jor
k1
>
ol
i)

~|
I+
(%)
DO
s
>
)
B
M
©

Table 4.24. Results of the Repeatability of the measurement

CH, Temperature Pressure
Class.
bpm € kPa
1 360.4 23.38 101.6
2 354.9 23.44 101.6
3 351.7 23.62 101.6
4 320.6 23.69 101.6
Average 346.90 - -
Standard deviation 17.90 - -
u() 8.95 - -
u, (z)(%) 2.58 - -
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CH,4 Temperature Pressure
Class
ppm °C kPa
U 28.46 -
U(%) 8.20 - -

= . 0.0820
XS E, ulfy gn) =789X 315~ 204ppm

¥ u(facm) 2.04
ANEZEZE w (o ) = =100 = 2.58%

0 78.9

ATE, o(fo o) =ntl=4-1=3

o ZAANAY thEA o B (£ o)

S4AA dHEAN U3 =S ms SAWE strAZAEER A

st 5490 2 ol sk AR 5Y FFOE E rABAAEY A=
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ol
iy,
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+
-
(00]
<
E
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o]
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X
w
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~
fu
>
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i
32
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a1
2
20
_O|L
N
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Table 4.25. Results of the Representativeness

Q| X | = a
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o
T
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3t EFETEE 433ppml 2 AR Qo AHFFESEE 548% = AF
R o=
) 0.095
FFE53E ) =78.9 X ——=14.33ppm
R (fRCH4 \/§

u(fpem) 433
r 789

<100 = 5.48%

X]'WQI‘—I':-—, V(If'alfz) = ©

0.0002

V3

REETE, ulfy, ) =T789% = 0.00911ppm

ulfears) 000011
r 789

HNEFRHE, u (Fo, )= %100 = 0.0115%

Z]"IQFE, V(fc"a/_z) = ©
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) S 182
FEIE, ulRyyp) = T Vi 5.26 ppm

5

u (RBOD) 5.26

FURETESE, u (RBOD)sz 100=m>< 100 = 7.38%

=

'

A=, URppp) =n—1=12—1=11

Table 4.26. Results of the uncertainty estimation of Rgop

Input

ltem data S u (RBOD) U, (RBOD) v

(ppm) % -
A 71.2 182 5% 7.38 11
B 204.9 55.6 16.0 7.83 16
C 125.2 10.7 3.1 2.46 11
D 120.4 146 4.2 3.51 11
E 139.7 12.6 3.6 2.60 11
F 125.6 172 5.2 414 10
G 134.8 12.7 3.7 2.72 11
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Table 4.28. Results of the uncertainty estimation of the Rq

ot S u(Ry) u, (Ry) v

(m*/day) % -
A 289,968 34,974 10,096 3.48 11
B 392,313 39,006 9,460 241 16
C 284,226 61,062 17,627 6.20 11
D 268,192 27,865 8,044 3.00 11
E 382,201 88,924 25,670 6.72 11
F 378,662 43,859 13,224 3.49 10
G 277,200 18,229 5,262 1.90 11

0.03

T2 ulf,,,) = 289,968 X N 5,022m"/day
. u(f o) 22
ANEZESE, o ()= x'l = 22;)0968><100:1.73%
X]—%“L" V(f(mal) = ®™
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Table 429 FALLGFAA 7| F=(45, 20110 AAH FZFA A o}

i

Table 4.29. Accuracy and precision of the each flow meter type

Flow meter type (about thécacclélrg?;low, %) | (about tggercrllzﬁ %OW, %)
Venturi meter 1 + 0.5
Nozzle + 0.3 + 0.5
Orifice 1 +1
Pitot + 3 + 1
Magnetic flow meter -4 i 5414 £ 05

AstEA gl A A o) 9 2H(289,968mY/ ) ol gk Bl o3 TEEI e

= 0.289m’/ Y= A4 o FHETESEE 0.0000996% = A EH AT
L
2

i
32

EFEHE, ulf,,,) = —7==0289m’/day
wfreso)  0.289

= <100 =0.
= 530,968 00 = 0.0000996%
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vJ__,

u(BF, o) = EFy X \Ju,(BP +u, (£, + -t u, (R, +u, (R, )

=0.000131 kg CH,/kg BOD
FrEAHT I,
u (EF), gc) p
s o0) 46.0
U@jj o 4 e - -
u, (Bl u Ry u, (R )
@ + o0 BE— o
URQ Rpop UR4

Students t =X 3 NA 95% Al F ol AFE7F 46D, kgt 2.010] 22
AstrA gl A o] HARR| o dist E-g%=+= 0.0000711+0.0000264 kg CHy/kg
BOD (A& 4% 95%, k=2.01)= AH4 =tk 719 & (Contribution portion, %)
MARAI, B 7MY 2 TS vAE dARE W s = (Com) E HEH
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Table 4.30. Uncertainty estimation results of the grit chamber in the A facility

Input data Uncertainty CP.

ftem Factor unit ([uJ<n)i()t) 1?02? (i/) (%)

Rq m”/day 10,096 3.48 11 3.6

Q fanal - 5,022 173 o0 0.9

freso - 0.289 0.0000996 0 0.0

Raqc L/min 0.00950 0.190 00 0.0

o feonc. . = 0 - 0.0

freso 1 0.00289 0.0577 0 0.0

finct -~ 0.0115 0.231 o 0.0

Rsop ppm 5.26 7.38 11 16.0

BOD Tanal 4 6.17 8.66 ee 22.0

freso B 0.0289 0.0405 00 0.0

Rt cna ppm 9.81 124 11 45.4

fc.cra = 2.04 2.58 3 2.0

fs_cra = 0.488 0.619 1 0.1

Fr_crs N 4.33 548 0 8.8

Cera feaL z - 0.00911 0.0115 0 0.0

fear s - 0.210 0.266 0 0.0

fcar r - 0.00911 0.0115 0 0.0

fear L - 0.8655 1.0970 0 0.4

freso - 0.0289 0.0366 o 0.0

A Ra m’ 8.15 1.63 0 0.8

Ac Rac m” 0.000536 0.389 0 0.0
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Table 4.31. Uncertainty estimation result of the A facility

Site EF u(x) Yerf
Grit Chamber 0.0000711 0.0000131 46
1st clarifier 0.00011 0.000020 46
Anaerobic 0.0000895 0.000017 46
Anoxic 0.000275 0.000051 46
Select 0.000031 0.000006 47
Aerobic 0.000170 0.000031 46
2nd clarifier 0.00001 0.000002 70
- 0.00076 0.0000667 115

4214 A FHEYAAE £ AAZAT

A SEAYALY] e zd BERIES AL AR A Hol
g AT AFol S WA FAE AT A G

U, (EFA) = EFA X \/ur (EFGMt chamber )2 + U, (EF

1st clarifier

)2 +eeeeeet u, (EFéed clarifier )2

= 0.0000667 kg CH,/kg BOD
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V= = 115.801
eff 4 4
U, (Eﬂst grit chamber ) et U, (EF"Zed grit chamber)

v v
EF\st gritchamber EF o gritchamber

U=kxu,(A)=1.98><0.0000667 = 0.00013 kgCH,/kgBOD

AstrA A de] B3 E AF8 A3 0.00076£0.00013 kg CHy/kg BOD(X] 2]+
T 9%, k~1.98)= AH = AT

4215 At o3 B3I % A4

- 128 -

Collection @ pknu



Table 4.32. Results of the uncertainty estimation of the each site

Site EF u,(z) v k U U(%)
A 0.00076 | 0.0000667 | 115| 1.98 | 0.000132 17.1
B 0.00160 | 0.000233 51| 201 | 0.000467 294
C 0.00654 | 0.000716 53| 200 | 0.001431 22.0
D 0.0030 0.000321 66| 1.99 | 0.000639 21.3
E 0.030 0.00505 44| 201 | 0.010145 36.7
F 0.0084 0.000968 52| 200 | 0.001937 23.3
G 0.00085 - 0.0000837 57| 1.99 |-0.000166 20.0

Result | 0.007 0.00074 - - 0.0015 28.6

u,(EF) = ic?.u(wi)Q = (/7P Xu(EF, P+ (1/7? < u(EF,,

= ¢F 95% AFFs 22 SHESEE 2 s
A== (U) AHA A3 0.001488 kg CHykg BOD=Z 2HAHFHA oW, 22 A
glgk A3} 0.002 kg CHykg BODZ 2FA4 ]t} Table 4.33-2> WE vl & A5

=2

g Botw 247 vho|,
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Table 4.33. Results of the uncertainty estimation of the CH; EF

EF u,(x) U (%)
kg CHy/kg BOD kg CHy/kg BOD %
0.007 0.00074 0.002 28.6

o

4.2.16 7191 & E4A3

Aelge Y BHAgel HF Agel vAE PP B vER B
@ RO FEAYALY BHEAQ W BHEA] P slol g A

Table 4.349} 2t}

7o) & BEAAx E3nw gold 93 7|od&e A gAd HHEH oz v
5 S(Cow) 7t 61.3% 2 7HE Eghon, o thgo 2 BOD%=(BOD)7F 31.0%,
S el §HQo] 8% e om o] Es Q) B AW o

rr

=]

=
ZA4717re] EAA Ry cnnoll &3 71 &9] 49.1%= 714 =9ew, BOD%
Lol 2A7)7] Q2 ) 7F 23.8% 2 okt WEsEE 2o o]&to] o
S W= xR AFEA Ao A ES R HAETY] wio 7o g&o] &

Ao wasEn, BODsE et 4717 22 )= 2 AR IfF &
stico] thdt A57F B53 AR FALATAHAANGHA A Je BE
AXFgH(+15%) S 2§31 S5 Agetgion olw AH8H FFAA O]
HyA o A AEEHA7] wWEe] 7] go] 2 Aow dAvkdr. &% V)
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Table 4.34. Contribution portion of the EF

Item | Factor | A B C D E F G ItemAver;l‘iitor
Rq 36 | 1.7 | 121 | 41 | 138 | 40 | 1.3 5.8
Q fanal 09 109109 | 10|09 | 10| 11 1.0 6.8
freso 00 | 00| 00 | 00 ] 00 | 00 | 00 0.0
Rqc 00 | 00| 00 ] 00 ] 00 | 00| 00 0.0
Teone. 00 | 00|00 00| 00| 00|00 0.0
Qe 0.0
freso 00| 00|00 00| 00| 00|00 0.0
et 00 | 00| 00 | 00| 00 | 00 | 00 0.0
Rgop | 16.0 |-180 | 1.9 | 41 | 21 | 56-| 2.6 12
BOD fanal 22:.0 | 2201236 | 25.1 | 23.0 |-247 | 263 | 23.8 31.0
Treso .0 /1 0.0 40 OO ONNe 0% 0.0 T, 80 0.0
Rvoma | 454 | 453 | 485 | 51.8| 474 | 51.0 | 54.3 | 49.1
foduisgd® 20 | BB |20 CHEENENNEN 22 | 2.3 2.1
fs cra ™ [J0.1 | ONE "ORENR ONSEENENY | A071 | 0.1 0.1
Frema| 88 |88 | 94 1011 92 | 99 | 106 | 9.6
Cema | fecarz | 00 000 |00 | 0.0 | 0.0 0.04]1-0.0 0.0 61.3
fcas | 0.0 | 001200 | 0.0 | 0.0 | 0.0 | 0.0 0.0
fcarr | 00 | 00 | 00 | 00 | 0.0 | 0.0 | 0.0 0.0
fcarr | 04 | 04 | 04 | 04 | 04 | 04 | 04 0.4
freso 00 | 00| 00 | 00 ] 00 | 00 | 00 0.0
A Ra 08 | 08108 ] 09| 08 1] 09|09 0.8 0.8
Ac Rac 00 | 00|00 |01 |00/ 00] 01 0.0 0.0
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422 ZHFEE Al EgHolAdS T EFE AR AH

4.2.2.1 PDF 474

2H 22 AEdel Mol oF BHE W42 f8AE 4 PDRHENE
F9)E Agstelor @k 7 dsAUAMYl U ¥H= 8W PDFE
Table 4.35%} 2t}

IPCC G/LAME A#7h oS ol gald Auusd ya FHUEgss

AT SARES G e olft WA @S 9 edes

Table 4.35. PDF of the uncertainty component

Factor Component PDF

Ry cna Normal

I cr Normal

Locra Normal

Iz cria Normal

Cena Iear z Normal
fears Normal

Iear r Normal

Iear o Normal
Leso Uniform

Qe Roc Normal
Lone Normal
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REEE LI

PDF
Uniform
Uniform
Uniform

Normal
Normal
Uniform
Normal
Normal
Uniform
Normal

feso
It
Rac
Rgeop
Lonal
Leso
Raq
Logal
f[" eso
Ra

Component
2 A EHA 3§

=

=1

Ac
BOD

Factor

4.2.2.2 27}

N

A &el Al

9|
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(=gtd &, 201D A a3k 1nksjr T}
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}

o
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=, At A AAE F A U ZHIER AlEYAS T3 B3k

=4

A

I ESE = Fgkel 0.0000719 kg CHykg BODE AHA = lom, 4HA

P

=

~
o

F

Qe

Hom, 95% Al FFEAlAl ket 0.0000578 kg CHykg BOD=E, Aghat

A ——

< 0.0000902 kg CHys/kg BODZE A4 = A T

(R =
:
AoueeBinl 4

- e
gy CHsg B0

—a g WP o

Statishics: Forecast values
Trials 40,000
Baze Caze 0.0000711
Mean 000007713
Median 000007712
Mode 000006393
Standard Deviation 000000383

Fig. 4.25. Uncertainty estimation results of the grit chamber in the A
facility using MonteCarlo simulation.
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Table 4.36=> A 3f

ABEIAS B BIE 44 Attt

Table 4.36. Uncertainty estimation results of the A facility(Grit chamber)
using MonteCarlo simulation.

Uncertainty S Confidence level
Distribution Mean about 95%

factor 25% | 975%
Cer 78.90 75.82 81.93

Qc - 500 499 | 501

Ac | =l 0133 0136 | 0.140
BOD o i 7118 5747 | 84.96
Q i 280916 | 266,178 | 313,194

A 499.2 4728 | 5269
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Fig. 426 AstA Al Aol digh ZH7FEE Algdolds &3 E8% 4t
4 Aot}
LT i
{8 5
-E—" (M=o x ::1
| w?{;
” s e 1] WA e O S P 5 Ot e Pl O SOCE a0 g
kg CH4%g BIOD
Statiztics: Forecast walues
Trials 40,000
Baze Caze 0.000756R
b ean 00007331
kedian 00007306
Mode 0.0007 745
Standard Deviation 00000434
Wanance 0. 0000000
Skewness 03321
F.urtozis 327
Coeff. af %anabiliby 0.0554
b inirnurn 00008206
I airnum 0.0 01 60
R ange “Width 0.0003354
bean Std. Errar 0.0000002
Fig. 4.26. Uncertainty— estimation results ™ of  the A facility using
MonteCarlo simulation
Fig. 427 2 Table 437 w& wjZA5e] tat Zel7tE2 A Bl
B9 wEE 47 Aol
Mg wEASe] @ edstEz ARdDONE B BHn A3A
+129% 2 AP E AT sFeat Askgke] %7t et 2 ATl = EE
7 2 Seae A4
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Fig. 4.27. Uncertainty estimation results of the CH4 EF using MonteCarlo

simulation.
EF
1 1000
o A58
& 000 -9
| 5 &
| & fai =
{+] -] T
_— .
o D0ETD . =] o DOEeEd 0 0
kg GHakg BOD
Statizhics; Farecast values
Trials 40,000
Baze Caze 000723
kean (.00E31
h edian 000673
b ode 000654
Standard Deviation 0.00041
Warance [.00000
Skewness 04187
Kurtosiz 339
Coeff. of Wariability 0.0600
kA inirnunn [.00550
bl &ximLim 0.00346
R ange "/idth 0.00357
kean Std. Emor 0.00000

Table 4.37. Uncertainty estimation results of the CHs; EF wusing

MonteCarlo simulation

Class Uncertainty
EF 0.00681

95% confidence Upper 0.00609 10.6%

interval Lower 0.00769 12.9%
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423 Mg WEAT == AFEH

2ok eASAY B ZEHTERA EYAS S8 vE WAl did &8

Table 4.38. Uncertainty estimation results of the CH4 EF

- Simple error MonteCarlo
propagation equations simulation
EF 0.007 0.00681
U 28.6% 12.9%

Aol digh B3 =s nug Aot}

Seluete] F7b a7k QlilEe wad YA AEHE BaEe

TolA Aug vkl o] IPCC G/LOIA A8k gl 7]kl 32%E
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A7z
75%2] Aol
A AET W WEARe] B3

ANNEX T =7l 25 =5 A

-
R

il

ZIdgE Agstal sl ols

FojA A IPCC 7]

© ATgelM A E 286%9h= FAFSHAl A E Rl A
HEd B 2AgA AeH= dg EAs
B3tk EF ANNEX 1 =717h £27p2

A
AR oo o3 Bihws} nen

FET= = =7F =4

A2 o] =7F &
o] BE%l 309%<+=
IMER Haxe] %
29l 4598% %t AEdt ztolE HilET o
BEo 77 AE7F Sd == IPCC
o2 FPot

2 g

=

AL 7] e

H

Table 4.39. Comparison of the uncertainty

Case Uncertainty (%) Note
1 32 Default uncertainty of IPCC G/L
2 > Uncertainty of Korea(National EF)
3 45.98 Average of the ANNEX I (NIR)
4 30.9 JAPAN(NIR)
Average 35.22
(e}

440

30

20

10

0 T T T T

IPCC Korea

Fig.
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AMMEX 1

lapPam Average Result

4.28. Comparison of uncertainty
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of W W wEHF WS I & A& lab scaled] #Hgx Y & F

ste] Fgslelo & Aow WAL

4) A A gk wgk wiEAge] A A3 0.007 kg CHykg BODE
AAE o olm gk 0030 kg CHykg BODelW, HAz-2 0.00076 kg
CHy/kg BODelW, &% 2+= 0010 kg CHy/kg BODE AR ek AT 2
Fof vuwate] BH B AFANE gEvete] w7F 247k lER] KA
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[Appendix 1]. Uncertainty estimation results(Error propagation)

1. A, Grit chamber

Appendix

Input data Uncertainty CP.
ltem Factor unit u(g) ulx) g (%)
(Unit) (%) (-)
Ro m’/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00950 0.190 0 0.0
Qc feone. 1 = 0 - 0.0
freso = 0.00289 0.0577 0 0.0
finet = 0.0115 0.231 o 0.0
Rgop ppm 5.26 7.38 11 16.0
BOD FEF B 6.17 8.66 0 22.0
freso E 0.0289 0.0405 oS 0.0
Ryt cra ppm 9.81 12.4 11 45.4
fc_cm = 2.04 2.98 3 2.0
fs_cra = 0.488 0:619 1 0.1
Fr_cra - 4.33 5.48 00 8.8
Cer fear z - 0.00911 0.0115 0 0.0
fear s - 0.210 0.266 0 0.0
fear v - 0.00911 0.0115 0 0.0
fear - 0.8655 1.0970 co 0.4
freso - 0.0289 0.0366 0 0.0
A Ra m* 8.15 1.63 0 0.8
Ac Rac m* 0.000536 0.389 0 0.0
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2. A, 1st Clarifier

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Rq m?/day 10,096 3.48 11 3.6

Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 0 0.0

finct 1 0.0115 §.401 0 0.0

Riob ppm 5.26 7.38 11 16.1

BOD 1 4 6.17 8.66 00 22.1
freso I 0.0289 0.0405 oo 0.0
R cma ppm 0.67 124 m 45.5

fe_cu & 0.14 2.58 3 2.0

fs_cru E 0.033 0.619 1 0.1

Fr_cru = 0.2962 54848 0 8.9

Cena fear z = 0.000115 0.002138 0 0.0
fears - 0.00266 0.04918 0 0.0

fcar r - 0.000115 0.002138 0 0.0

fear L - 0.0110 0.2031 o 0.0

freso - 0.0289 0.5346 0 0.1

A Ra m* 176.7307 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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3. A, Anaerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Rq m?/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 5.26 7.38 11 16.0
BOD ol 4 6.17 8.66 00 22.0
freso I 0.0289 0.0405 oo 0.0
R cma ppm 1.68 124 m 45.4
fe_cu & 0.35 2.58 3 2.0
fs_cru E 0.084 0.619 1 0.1
Fr_cru N 0.7405 54848 0 8.8
Cena fear z = 0.001559 0.011547 0 0.0
fears - 0.03585 0.26558 0 0.0
fcar r - 0.001559 0.011547 0 0.0
fear L - 0.1481 1.0970 o 0.4
freso - 0.0289 0.2138 0 0.0
A Ra m* 60.0125 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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4. A, Anoxic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Rq m?/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 5.26 7.38 11 16.0
BOD ol 4 6.17 8.66 00 22.0
freso I 0.0289 0.0405 oo 0.0
R cma ppm 5.13 124 m 45.4
fe_cu & 1.07 2.58 3 2.0
fs_cru E 0.256 0.619 1 0.1
Fr_cru = 2AC5 54848 0 8.8
Cena fear z = 0.004769 0.011547 0 0.0
fear s - 0.10969 0.26558 0 0.0
fcar r - 0.004769 0.011547 0 0.0
fear L - 0.4530 1.0970 o 0.4
freso - 0.0289 0.0699 0 0.0
A Ra m* 60.2574 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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5. A, Select

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Rq m?/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 5.26 7.38 11 16.0
BOD ol 4 6.17 8.66 00 22.0
freso I 0.0289 0.0405 oo 0.0
R cma ppm 0.57 124 m 45.3
fe_cu & 0.12 2.58 3 2.0
fs_cru E 0.028 0.619 1 0.1
Fr_cru = 0.2523 54848 0 8.8
Cena fear z = 0.000531 0.011547 0 0.0
fears - 0.01222 0.26558 0 0.0
fcar r - 0.000531 0.011547 0 0.0
fear L - 0.0505 1.0970 o 0.4
freso - 0.0289 0.6276 0 0.1
A Ra m* 60.2574 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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6. A, Aerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Rq m?/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00599 0.1710 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0825 0 0.0
finct 1 0.0115 0.330 0 0.0
Riob ppm 5.26 7.38 11 16.0
BOD ol 4 6.17 8.66 00 22.0
freso I 0.0289 0.0405 oo 0.0
R cma ppm 1.29 124 m 45.4
fe_cu & 0.27 2.58 3 2.0
fs_cru E 0.064 0.619 1 0.1
Fr_cru N 0.5704 54848 0 8.8
Cena fear z = 0.001201 0.011547 0 0.0
fears - 0.02762 0.26558 0 0.0
fcar r - 0.001201 0.011547 0 0.0
fear L - 0.1141 1.0970 o 0.4
freso - 0.0289 0.2776 0 0.0
A Ra m* 211.3910 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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7. A, 2nd clarifier
Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Rq m?/day 10,096 3.48 11 3.6
Q fanal - 5,022 1.73 0 0.9
freso - 0.289 0.0000996 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0

Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 5.26 7.38 11 16.0
BOD foudf 4 6.17 8.66 00 22.0
freso I 0.0289 0.0405 oo 0.0
R cma ppm 0.07 124 m 45.4
fe_cu & 0.02 2.58 3 2.0
fs_cru E 0.004 0.619 1 0.1
Fr_cru N 0.0548 9141 0 24.5
Cena fear z = 0.000069 0.011547 0 0.0
fears - 0.00159 0.26558 0 0.0
fcar r - 0.000069 0.011547 0 0.0
fear L - 0.0066 1.0970 o 0.4
freso - 0.0289 4.8113 0 6.8
A Ra m* 222.1276 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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8. B, Grit chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 o 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD ol 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 oo 0.0
R cma ppm 421 124 m 45.3
fe_cu & 0.87 2.58 3 2.0
fs_ciu = 0.210 0.619 1 0.1
Fr_cru = 1.8594 54848 0 8.8
Cena fear z = 0.003914 0.011547 o 0.0
fears - 0.09003 0.26558 0 0.0
fcar r - 0.003914 0.011547 o 0.0
fear L - 0.3719 1.0970 o 0.4
freso - 0.0289 0.0852 0 0.0
A Ra m* 7.8384 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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9. B, 1st Clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 o 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD ol 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 oo 0.0
R cma ppm 421 124 m 45.3
fe_cu & 0.87 2.58 3 2.0
fs_ciu = 0.210 0.619 1 0.1
Fr_cru = 1.8594 54848 0 8.8
Cena fear z = 0.003914 0.011547 o 0.0
fears - 0.09003 0.26558 0 0.0
fcar r - 0.003914 0.011547 o 0.0
fear L - 0.3719 1.0970 o 0.4
freso - 0.0289 0.0852 0 0.0
A Ra m* 7.8384 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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10. B, Anaerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 o 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD ol 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 oo 0.0
R cma ppm 0.68 124 m 45.3
fe_cu & 0.14 2.58 3 2.0
fs_cru E 0.034 0.619 1 0.1
Fr_cru N 0.3017 54848 0 8.8
Cena fear z = 0.000635 0.011547 0 0.0
fears - 0.01461 0.26558 0 0.0
fcar r - 0.000635 0.011547 o 0.0
fear L - 0.0603 1.0970 o 0.4
freso - 0.0289 0.5249 0 0.0
A Ra m* 116.3998 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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11. B, Anoxic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 o 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD ol 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 oo 0.0
R cma ppm 2.65 124 m 45.3
fe_cu & 0.55 2.58 3 2.0
fs_ciu = 0.132 0.619 1 0.1
Fr_cru = 1.1683 54848 0 8.8
Cena fear z = 0.002460 0.011547 0 0.0
fears - 0.05657 0.26558 0 0.0
fcar r - 0.002460 0.011547 o 0.0
fear L - 0.2337 1.0970 o 0.4
freso - 0.0289 0.1355 0 0.0
A Ra m* 116.3998 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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12. B, Aerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 o 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.01385 0.1900 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0396 o 0.0
finct 1 0.0115 0.158 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD ol 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 o0 0.0
R cma ppm 3.48 124 11 45.3
fe_cu & 0.72 2.58 3 2.0
fs_cry E 0.173 0.619 1 0.1
Fr_cru N 1.5358 54848 0 8.8
Cena fear z = 0.003233 0.011547 0 0.0
fears - 0.07436 0.26558 0 0.0
fcar r - 0.003233 0.011547 o 0.0
fear L - 0.3072 1.0970 o 0.4
freso - 0.0289 0.1031 0 0.0
A Ra m* 232.7995 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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13. B, 2nd clarifier
Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 9,460 241 16 1.7
Q fanal - 6,795 1.73 0 0.9
freso - 0.289 0.0000736 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0

Qc
freso . 0.00289 0.0577 o 0.0
et 1 0.0115 §.451 0 0.0
Riob ppm 16.04 7.83 16 18.0
BOD foudf 4 17.74 8.66 00 22.0
freso I 0.0289 0.0141 o0 0.0
R cma ppm 0.04 124 11 45.3
fe_cu & 0.01 2.58 3 2.0
fs_cru E 0.002 0.619 1 0.1
Fr_cra N 0.0548 18.283 0 8.8
Cena fear z = 0.000035 0.011547 0 0.0
fears - 0.00080 0.26558 0 0.0
fearr - 0.000035 0.011547 0 0.0
fear L - 0.0033 1.0970 o 0.4
freso - 0.0289 9.6225 0 0.0
A Ra m* 376.2416 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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14. C, Grit Chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 30.45 124 11 485
fe_cu & 6.32 2.58 3 2.1
fs_ciu = 1.516 0.619 1 0.1
Fr_cru = 13.4323 54848 0 9.4
Cena fear z = 0.028279 0.011547 0 0.0
fears - 0.65041 0.26558 0 0.0
fcar r - 0.028279 0.011547 0 0.0
fear L - 2.6865 1.0970 o 0.4
freso - 0.0289 0.0118 0 0.0
A Ra m* 3.0047 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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15. C, 1st clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 2.24 124 11 485
fe_cu & 0.46 2.58 3 2.1
fs_ciu = 0.111 0.619 1 0.1
Fr_cru N 0.9873 54848 0 9.4
Cena fear z = 0.000115 0.000642 0 0.0
fears - 0.00266 0.01475 0 0.0
fcar r - 0.000115 0.000642 0 0.0
fear L - 0.0110 0.0609 o 0.4
freso - 0.0289 0.1604 0 0.0
A Ra m* 126.9815 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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16. C, 1st clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 2.24 124 11 485
fe_cu & 0.46 2.58 3 2.1
fs_ciu = 0.111 0.619 1 0.1
Fr_cru N 0.9873 54848 0 9.4
Cena fear z = 0.000115 0.000642 0 0.0
fears - 0.00266 0.01475 0 0.0
fcar r - 0.000115 0.000642 0 0.0
fear L - 0.0110 0.0609 o 0.4
freso - 0.0289 0.1604 0 0.0
A Ra m* 126.9815 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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17. C, Pre-Anoxic

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 17,627 6.20 11 12.1

Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 o 0.0

finct 1 0.0115 §.451 0 0.0

Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 471 124 11 485

fe_cu & 0.98 2.58 3 2.1

fs_cru E 0.235 0.619 1 0.1

Fr_cru N 2.0787 54848 0 9.4

Cena fear z = 0.004376 0.011547 0 0.0
fear s - 0.10066 0.26558 0 0.0

fcar r - 0.004376 0.011547 0 0.0

fear L - 0.4157 1.0970 o 0.4

freso - 0.0289 0.0762 0 0.0

A Ra m* 7.7953 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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18. C, Anaerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 6.90 124 11 485
fe_cu & 1.43 2.58 3 2.1
fs_ciu E 0.344 0.619 1 0.1
Fr_cru = 3.0441 54848 0 9.4
Cena fear z = 0.006409 0.011547 0 0.0
fear s - 0.14740 0.26558 0 0.0
fearr - 0.006409 0.011547 0 0.0
fear L - 0.6088 1.0970 o 0.4
freso - 0.0289 0.0520 0 0.0
A Ra m* 23.3858 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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19. C, Anoxic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.1900 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 20.82 124 11 485
fe_cu & 432 2.58 3 2.1
fs_cru E 1.037 0.619 1 0.1
Fr_cru N 9.1871 54848 0 9.4
Cena fear z = 0.019341 0.011547 0 0.0
fear s - 0.44485 0.26558 0 0.0
fcar r - 0.019341 0.011547 0 0.0
fear L - 1.8374 1.0970 o 0.4
freso - 0.0289 0.0172 0 0.0
A Ra m* 62.3620 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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20. C, Select

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.106 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0323 o 0.0
finct 1 0.0115 0.129 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 141.85 124 11 485
fe_cu & 29.43 2.58 3 2.1
fs_cru E 7.063 0.619 1 0.1
Fr_cru N 0.0548 0.005 0 9.4
Cena fear z = 0.131751 0.011547 0 0.0
fear s - 3.03028 0.26558 0 0.0
fcar r - 0.131751 0.011547 0 0.0
fear L - 125164 1.0970 o 0.4
freso - 0.0289 0.0025 0 0.0
A Ra m* 30.5696 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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21. C, Aerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.106 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0323 o 0.0
finct 1 0.0115 0.129 0 0.0
Riob ppm 3.08 2.46 11 19
BOD ol 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm 10.49 124 11 485
fe_cu & 2.18 2.58 3 2.1
fs_ciu E 0.522 0.619 1 0.1
Fr_cru N 0.0548 0.065 0 9.4
Cena fear z = 0.009746 0.011547 0 0.0
fear s - 0.22415 0.26558 0 0.0
fearr - 0.009746 0.011547 0 0.0
fear L - 0.9258 1.0970 o 0.4
freso - 0.0289 0.0342 0 0.0
A Ra m* 119.1432 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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22. C, 2nd clarifier
Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 17,627 6.20 11 12.1
Q fanal - 4,923 1.73 o 0.9
freso - 0.289 0.0001016 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0

Qc
freso . 0.00289 0.0577 o 0.0
et 1 0.0115 §.451 0 0.0
Riob ppm 3.08 2.46 11 19
BOD foudf 4 10.84 8.66 00 23.6
freso I 0.0289 0.0231 o0 0.0
R cma ppm == 124 11 485
fe_cu & 0.82 2.58 3 2.1
fs_cru E 0.197 0.619 1 0.1
Fr_cru N 0.0548 0172 0 9.4
Cena fear z = 0.003672 0.011547 0 0.0
fears - 0.08445 0.26558 0 0.0
fearr - 0.003672 0.011547 0 0.0
fear L - 0.3488 1.0970 o 0.4
freso - 0.0289 0.0908 0 0.0
A Ra m* 211.6359 1.63299 0 0.8
Ac Rac m* 0.000536 0.389 00 0.0
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23. D, Grit chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 8,044 351 11 4.1
Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Rgop ppm 422 3.51 11 41
BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 oo 0.0
R cma ppm 20.59 124 m 51.8
fe_cu & 427 2.58 3 2.2
fs cru = 1.025 0.619 1 0.1
Fr_cru N 9.0829 54848 0 10.1
Cena fear z = 0.019122 0.011547 0 0.0
fear s - 0.43980 0.26558 0 0.0
fcar r - 0.019122 0.011547 0 0.0
fear L - 1.8166 1.0970 o 0.4
freso - 0.0289 0.0174 0 0.0
A Ra m* 3.9976 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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24. D, 1st Clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 8,044 351 11 4.1
Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Rgop ppm 422 3.51 11 41
BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 oo 0.0
R cma ppm 2.26 124 m 51.8
fe_cu & 0.47 2.58 3 2.2
fs cru = 0.113 0.619 1 0.1
Fr_cru N 0.9982 54848 0 10.1
Cena fear z = 0.000115 0.000634 0 0.0
fears - 0.00266 0.01459 0 0.0
fcar r - 0.000115 0.000634 0 0.0
fear L - 0.0110 0.0603 o 0.4
freso - 0.0289 0.1586 0 0.0
A Ra m* 142.6583 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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25. D, Anaerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 8,044 351 11 4.1
Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Rgop ppm 422 3.51 11 41
BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 oo 0.0
R cma ppm 9.24 124 m 51.8
fe_cu & 1.92 2.58 3 2.2
fs_cru E 0.460 0.619 1 0.1
Fr_cru N 4.0752 54848 0 10.1
Cena fear z = 0.008579 0.011547 0 0.0
fear s - 0.19733 0.26558 0 0.0
fearr - 0.008579 0.011547 0 0.0
fear L - 0.8150 1.0970 o 0.4
freso - 0.0289 0.0389 0 0.0
A Ra m* 40.2370 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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26. D, Anoxic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 8,044 351 11 4.1
Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0 0.0
finct 1 0.0115 §.401 0 0.0
Rgop ppm 422 3.51 11 41
BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 oo 0.0
R cma ppm 13.76 124 m 51.8
fe_cu & 2.86 2.58 3 2.2
fs_cru E 0.685 0.619 1 0.1
Fr_cru N 6.0717 54848 0 10.1
Cena fear z = 0.012783 0.011547 0 0.0
fear s - 0.29400 0.26558 0 0.0
fcar r - 0.012783 0.011547 0 0.0
fear L - 1.2143 1.0970 o 0.4
freso - 0.0289 0.0261 0 0.0
A Ra m* 109.0056 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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27. D, Aerobic

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 8,044 351 11 4.1

Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0

Raqc L/min 0.01385 0.1318 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0275 o 0.0

finct 1 0.0115 0.110 0 0.0

Rgop ppm 422 3.51 11 41

BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 o0 0.0
R cma ppm 3.40 124 11 51.8

fe_cu & 1.74 2.58 3 2.2

fs cru = 0.418 0.619 1 0.1

Fr_cru N 3.7077 54848 0 10.1

Cena fear z = 0.007806 0.011547 0 0.0
fear s - 0.17953 0.26558 0 0.0

fearr - 0.007806 0.011547 0 0.0

fear L - 0.7415 1.0970 o 0.4

freso - 0.0289 0.0427 0 0.0

A Ra m* 148.1451 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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28. D, 2nd clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 8,044 351 11 4.1
Q fanal - 4,645 1.73 0 1.0
freso - 0.289 0.0001076 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Rgop ppm 422 3.51 11 41
BOD foudf 4 10.43 8.66 00 25.1
freso I 0.0289 0.0240 o0 0.0
R cma ppm 0.14 124 11 51.8
fe_cu & 0.03 2.58 3 2.2
fs_cru E 0.007 0.619 1 0.1
Fr_cru N 0.0548 4.986 0 10.1
Cena fear z = 0.000127 0.011547 0 0.0
fears - 0.00292 0.26558 0 0.0
fearr - 0.000127 0.011547 0 0.0
fear L - 0.0121 1.0970 o 0.4
freso - 0.0289 2.6243 0 0.0
A Ra m* 219.4743 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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29. E, Grit Chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0o 0.0
finct 1 0.0115 0.231 0o 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 60.17 12.4 11 47.4
fe ciu . 12.49 2.58 3 2.0
fs_cry = 2.996 0.619 1 0.1
Fr_cru N 26.5466 54848 o 9.2
Cena fear z = 0.055888 0.011547 o 0.0
fear s - 1.28541 0.26558 o 0.0
fcar r - 0.055888 0.011547 0 0.0
fear L - 5.3093 1.0970 o 0.4
freso - 0.0289 0.0060 oo 0.0
A Ra m* 4.8990 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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30. E, 1st clarifier

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8

Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 0o 0.0

finct 1 0.0115 0.231 0o 0.0

Riob ppm 3.64 2.60 11 2.1

BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 269.78 12.4 11 47.4

fe_cra . 55.98 2.58 3 2.0

fs_ciu = 13.433 0.619 1 0.1

Fr_cru = 119.0208 54848 o 9.2

Cena fear z = 0.000115 0.000005 o 0.0
fears - 0.00266 0.00012 o 0.0

fcar r - 0.000115 0.000005 o 0.0

fear L - 0.0110 0.0005 o 0.4

freso - 0.0289 0.0013 oo 0.0

A Ra m* 282.1812 1.63299 0o 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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31. E, Bio #1

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0o 0.0
finct 1 0.0115 0.231 0o 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 25.11 12.4 11 47.4
fe_cra . . 2.58 3 2.0
fs_ciu = 1.250 0.619 1 0.1
Fr_cru = 11.0794 54848 o 9.2
Cena fear z = 0.023325 0.011547 o 0.0
fears - 0.53647 0.26558 o 0.0
fcar r - 0.023325 0.011547 0 0.0
fear L - 2.2159 1.0970 o 0.4
freso - 0.0289 0.0143 oo 0.0
A Ra m* 92.8030 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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32. E, Bio #2

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0o 0.0
finct 1 0.0115 0.231 0o 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 16.86 12.4 11 47.4
fe_cra . 3.50 2.58 3 2.0
fs_cry = 0.839 0.619 1 0.1
Fr_cru N 7.4374 54848 o 9.2
Cena fear z = 0.015658 0.011547 o 0.0
fear s - 0.36013 0.26558 o 0.0
fcar r - 0.015658 0.011547 o 0.0
fear L - 1.4875 1.0970 o 0.4
freso - 0.0289 0.0213 oo 0.0
A Ra m* 92.8063 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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33. E, Bio #3

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.1355 o 0.0
feone. - - 0 - 0.0
Qc
freso - 0.00289 0.0412 0o 0.0
finct 1 0.0115 0.165 0 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 2.86 12.4 11 47.4
fe_cra . 0.59 2.58 3 2.0
fs_ciu = 0.142 0.619 1 0.1
Fr_cru = L5 54848 o 9.2
Cena fear z = 0.002656 0.011547 o 0.0
fears - 0.06108 0.26558 o 0.0
fcar r - 0.002656 0.011547 o 0.0
fear L - 0.2523 1.0970 o 0.4
freso - 0.0289 0.1255 oo 0.0
A Ra m* 92.8063 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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34. E, Bio #4

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0o 0.0
finct 1 0.0115 0.231 0o 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 1.86 12.4 11 47.4
fe_cra . 0.39 2.58 3 2.0
fs_cry = 0.093 0.619 1 0.1
Fr_cns N 0.0548 0.366 0 9.2
Cena fear z = 0.001732 0.011547 o 0.0
fears - 0.03984 0.26558 o 0.0
fcar r - 0.001732 0.011547 o 0.0
fear L - 0.1645 1.0970 o 0.4
freso - 0.0289 0.1925 oo 0.0
A Ra m* 92.8063 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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35. E, Bio #

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.136 o 0.0
feone. - - 0 - 0.0
Qc
freso - 0.00289 0.0412 0o 0.0
finct 1 0.0115 0.165 0 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 0.32 12.4 11 47.4
fe_cra . 0.07 2.58 3 2.0
fs_cry = 0.016 0.619 1 0.1
Fr_cns N 0.0548 2.110 o 9.2
Cena fear z = 0.000300 0.011547 o 0.0
fears - 0.00691 0.26558 o 0.0
fcar r - 0.000300 0.011547 o 0.0
fear L - 0.0285 1.0970 o 0.4
freso - 0.0289 1.1103 oo 0.0
A Ra m* 92.8063 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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36. E, 2nd clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor | unit |y (%) o | %
Ro m’/day 25,670 6.72 11 13.8
Q fanal - 6,620 1.73 o 0.9
freso - 0.289 0.0000755 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 0o 0.0
finct 1 0.0115 0.231 0o 0.0
Riob ppm 3.64 2.60 11 2.1
BOD ol 4 12.10 8.66 oo 23.0
freso I 0.0289 0.0207 oo 0.0
R cma ppm 0.05 12.4 11 47.4
fe_cra . 0.01 2.58 3 2.0
fs_cry = 0.002 0.619 1 0.1
Fr_cns N 0.0548 15 o 9.2
Cena fear z = 0.000046 0.011547 o 0.0
fears - 0.00106 0.26558 o 0.0
fcar r - 0.000046 0.011547 o 0.0
fear L - 0.0044 1.0970 o 0.4
freso - 0.0289 7.2169 oo 0.0
A Ra m* 338.6175 1.63299 0 0.8
Ac Rac m* 0.000505 0.389 00 0.0
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37. F, Grit Chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 13,224 3.49 10 4.0
Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0
R cma ppm 233.35 124 10 51.0
fe_cu & 48.42 2.58 3 2.2
fs_ciu = 11.619 0.619 1 0.1
Fr_cru = 102.9502 54848 0 9.9
Cena fear z = 0.216737 0.011547 0 0.0
fear s - 4.98496 0.26558 0 0.0
fcar r - 0.216737 0.011547 0 0.0
fear L - 20.5900 1.0970 o 0.4
freso - 0.0289 0.0015 0 0.0
A Ra m* 8.8182 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
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38. F, Division basin

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 13,224 3.49 10 4.0
Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0
R cma ppm 10.69 124 10 51.0
fe_cu & 2.22 2.58 3 2.2
fs_cru E 0.532 0.619 1 0.1
Fr_cru = 4.7170 54848 0 9.9
Cena fear z = 0.000115 0.000134 0 0.0
fears - 0.00266 0.00309 0 0.0
fcar r - 0.000115 0.000134 0 0.0
fear L - 0.0110 0.0128 o 0.4
freso - 0.0289 0.0336 0 0.0
A Ra m* 3.1066 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
- 185 -

Collection @ pknu



39. F, 1st clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 13,224 3.49 10 4.0
Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0
R cma ppm 54.02 124 10 51.0
fe_cu & 11.21 2.58 3 2.2
fs_cru E 2690 0.619 1 0.1
Fr_cru = 23.8316 54848 0 9.9
Cena fear z = 0.050172 0.011547 0 0.0
fear s - 1.15395 0.26558 0 0.0
fcar r - 0.050172 0.011547 0 0.0
fear L - 4.7663 1.0970 o 0.4
freso - 0.0289 0.0066 0 0.0
A Ra m* 232.6427 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
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40. F, Anoxic

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 13,224 3.49 10 4.0

Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 o 0.0

finct 1 0.0115 §.451 0 0.0

Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0

R cma ppm T 124 10 51.0

fe_cu & 1.19 2.58 3 2.2

fs_cru E 0.285 0.619 1 0.1

Fr_cru = 2.5230 54848 0 9.9

Cena fear z = 0.005312 0.011547 0 0.0
fear s - 0.12217 0.26558 0 0.0

fcar r - 0.005312 0.011547 0 0.0

fear L - 0.5046 1.0970 o 0.4

freso - 0.0289 0.0628 0 0.0

A Ra m* 106.4842 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
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41. F, Aerobic

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 13,224 3.49 10 4.0

Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0

Raqc L/min 0.01385 0.0909 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0189 o 0.0

finct 1 0.0115 0.076 0 0.0

Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0

R cma ppm 9.32 124 10 51.0

fe_cu & 1.93 2.58 3 2.2

fs_ciu = 0.464 0.619 1 0.1

Fr_cru = 4.1136 54848 0 9.9

Cena fear z = 0.008660 0.011547 0 0.0
fear s - 0.19919 0.26558 0 0.0

fearr - 0.008660 0.011547 0 0.0

fear L - 0.8227 1.0970 o 0.4

freso - 0.0289 0.0385 0 0.0

A Ra m* 190.5507 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
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42. F, 2nd clarifier

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 13,224 3.49 10 4.0

Q fanal - 6,559 1.73 0 1.0
freso - 0.289 0.0000762 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 o 0.0

finct 1 0.0115 §.451 0 0.0

Riob ppm 5.20 414 10 5.6
BOD foudf 4 10.88 8.66 00 24.7
freso I 0.0289 0.0230 o0 0.0

R cma ppm 0.61 124 10 51.0

fe_cu & 0.13 2.58 3 2.2

fs_cru E 0.030 0.619 1 0.1

Fr_cru N 0.0548 11119 0 9.9

Cena fear z = 0.000566 0.011547 0 0.0
fears - 0.01301 0.26558 0 0.0

fearr - 0.000566 0.011547 0 0.0

fear L - 0.0538 1.0970 o 0.4

freso - 0.0289 0.5891 0 0.0

A Ra m* 164.6057 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.0
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43. G, Grit Chamber

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 5,262 1.90 11 1.3
Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 10.93 124 11 54.3
fe_cu & 2.21 2.58 3 2.3
fs_ciu E 0.544 0.619 1 0.1
Fr_cru = 4.8212 54848 0 10.6
Cena fear z = 0.010150 0.011547 0 0.0
fear s - 0.23345 0.26558 0 0.0
fcar r - 0.010150 0.011547 0 0.0
fear L - 0.9642 1.0970 o 0.4
freso - 0.0289 0.0328 0 0.0
A Ra m* 5.7155 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
- 190 -

Collection @ pknu



44, G, 1st clarifier

Input data Uncertainty

Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |

Ro m’/day 5,262 1.90 11 1.3

Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0

Raqc L/min 0.00950 0.190 o 0.0

feone. - - 0 - 0.0

Qc

freso . 0.00289 0.0577 o 0.0

finct 1 0.0115 §.451 0 0.0

Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 1.50 124 11 54.3

fe_cu & 0.31 2.58 3 2.3

fs_cru E 0.075 0.619 1 0.1
Fr_cru N 0.6637 54848 0 10.6

Cena fear z = 0.000115 0.000954 0 0.0
fears - 0.00266 0.02195 0 0.0

fcar r - 0.000115 0.000954 0 0.0

fear L - 0.0110 0.0907 o 0.4

freso - 0.0289 0.2386 0 0.0

A Ra m* 186.3964 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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45. G, Anaerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 5,262 1.90 11 1.3
Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 7.79 124 11 54.3
fe_cu & 1.62 2.58 3 2.3
fs_cru E 0.388 0.619 1 0.1
Fr_cru N 3.4390 54848 0 10.6
Cena fear z = 0.007240 0.011547 0 0.0
fear s - 0.16652 0.26558 0 0.0
fcar r - 0.007240 0.011547 0 0.0
fear L - 0.6878 1.0970 o 0.4
freso - 0.0289 0.0460 0 0.0
A Ra m* 38.1990 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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46. G, Anoxic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 5,262 1.90 11 1.3
Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 2.66 124 11 54.3
fe_cu & 0.55 2.58 3 2.3
fs_ciu = 0.132 0.619 1 0.1
Fr_cru = 1.1738 54848 0 10.6
Cena fear z = 0.002471 0.011547 0 0.0
fears - 0.05683 0.26558 0 0.0
fcar r - 0.002471 0.011547 0 0.0
fear L - 0.2348 1.0970 o 0.4
freso - 0.0289 0.1349 0 0.0
A Ra m* 38.1990 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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47. G, Aerobic

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 5,262 1.90 11 1.3
Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0
Raqc L/min 0.01385 0.2880 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0600 o 0.0
finct 1 0.0115 0.240 0 0.0
Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 7.63 124 11 54.3
fe_cu & 1.58 2.58 3 2.3
fs_cru E 0.380 0.619 1 0.1
Fr_cru N 3.3677 54848 0 10.6
Cena fear z = 0.007090 0.011547 0 0.0
fear s - 0.16307 0.26558 0 0.0
fcar r - 0.007090 0.011547 0 0.0
fear L - 0.6735 1.0970 o 0.4
freso - 0.0289 0.0470 0 0.0
A Ra m* 114.5969 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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48. G, 2nd clarifier

Input data Uncertainty
Item . u(x) ur(x) v CO'P.
Factor 1 umit 1 i co | o |
Ro m’/day 5,262 1.90 11 1.3
Q fanal - 4,801 1.73 0 1.1
freso - 0.289 0.0001041 0 0.0
Raqc L/min 0.00950 0.190 o 0.0
feone. - - 0 - 0.0
Qc
freso . 0.00289 0.0577 o 0.0
finct 1 0.0115 §.451 0 0.0
Riob ppm 3.66 2.72 11 2.6
BOD ol 4 11.67 8.66 00 26.3
freso I 0.0289 0.0214 o0 0.0
R cma ppm 0.06 124 11 54.3
fe_cu & 0.01 2.58 3 2.3
fs_cru E 0.003 0.619 1 0.1
Fr_cru N 0.0548 10.970 0 10.6
Cena fear z = 0.000058 0.011547 0 0.0
fears - 0.00133 0.26558 0 0.0
fcar r - 0.000058 0.011547 0 0.0
fear L - 0.0055 1.0970 o 0.4
freso - 0.0289 5.7735 0 0.0
A Ra m* 250.8277 1.63299 0 0.9
Ac Rac m* 0.000505 0.389 00 0.1
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[Appendix 2]. Uncertainty estimation results(MonteCarlo simulation)

1. A Site

tatiztics:
Tnials
Baze Caze
bean
Median
b ode
Standard Deviation
Vanance
Skewness
Furtosiz
Coeff. of W anability
b iirniLamn
b airnuinn
R ange 'Width
bean Std. Ermror
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= P00 P

A_EF

Bk 000
xg CHe g BOD

Forecast values

40.000
0.000756E
0.0007231
0.0007 306
0. 00077 45
0. 0000454
0. 0000000

0.3321
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0.0554
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0.007 01 &0
0.0003354
0. 000000z
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2. B Site

B_EF

i
i
2oy - ’ '
DOGEG 0000 . D070 OO BOOHD  O0DATD DO o ARSI O 0500
kg CH4kg BOO
Statistics: Forecast values
Trials 40,000
Base Case 0.00160
tMean 0.007&0
tMedian 0.0M53
Mode 0.0 44
Standard Deviation 0.000715
Varance 000000
Skewness 0.6670
F.urtosis 3.6R
Coeff. of % anability 0.0340
Mirirnim 0.011
b aimuim 0.00248
Range “Width 0.0037
bean Std. Error 0.00000
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3. C Site

Statistics;
Tnials
Baze Caze
bean
tedian
Mode
Standard Dewiation
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Skewness
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MirirmLim
[ ER
Fange Width
tean Std. Error

Collection @ pknu

jler B By

C_EF

Forecast values

40,000
0.00653730
0.00602441
000600245
(.00626210
00003501
000000074
0. 3662

227
0.0631
0.00454 360
000824150
000333730
000000790

- 198 -

0 oRebite

kg CHAkg BOD

7 GO

=3

8

Aoernina



4. D Site

D_EF

Probabadity

Statistics:; Forecast values
Trials 40,000
Baze Caze 0.0030
bean 00026
bdedian 0.0026
bfode 00025
Standard Deviation 0.0007
Yarance 0.0000
Skewness 0.2425
Furtosis 314
Coeff. of Yanability 0.0510
MinirnLir 00021
GER 0.0032
Hatge Width 0.0077
Mean Std. Emar 0.0000
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5. E Site

Statistics:
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Baze Caze
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6. I Site

Proteabiliy

D

Statistics;

Tnals

Base Case

b ean

b edian
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0.007745
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7. G Site

G_EF

o
=1

> :
'i LaQ
GEt
ggary fiDeRTE i ey | o D | hEire L AT

kg CH4dg BOD

Statistics; Forecast values

Trials 40,000
Baze Caze 0.00085
tean (00080
tedian 0.00079
Mode 0.00073
Standard Dewviation 0.00003
Yanance 000000
Skewness 0. 2568
F.urtosis 317
Coeff. of Yanatmlity 0.0433
M irirnLn 0.00067
b awirmum 0.00037
Range \Width 0.00029
tean Std. Emor 0.00000
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