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Performance Evaluation of WWTP Based on Reliability Concept
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ABSTRACT : Statistical and probabilistic method was used in the analysis of data, which is the most effective one in describing the
various natures, and the methodology relating the results with the design was developed. Influents and effluents of three treatment plants were
analyzed and the focus was made on BOD, COD, SS, TN, TP. The fluctuations of influent such as BOD, COD, SS were extremely large
and their standard deviations(st.dev) were more than 10 mg/L. but those of TN, TP were small; the st.dev was 6.6 mg/L. for TN, 0.6
mg/L. for TP, respectively. But, effluent concentration showed consistent pattern regardless of the influent fluctuations, the st.dev was
ranged between 0.28 and 4.48 mg/L.. Effluent distributional characteristics were as follows; BOD, COD were distributed normally, but SS,
TN, and TP, log-normally; unsymmetric and skewed to the right. The coefficient of reliability(COR) based on the results of statistics of data
was introduced to evaluate the process performance and to reflect the process performance to the process design. The coefficient of reliability
relates the design value(the goal) with the standards and it can be used in operating treatment facilities under a certain reliability level and/or
in evaluating the reliability of the treatment facilities on operation. Each treated water quality of effluent showed the half of water quality
standards in the level of 50% percentile and all treatment plant was achieved 100% probability of water quality standards. It was concluded
that the variability of the process performance should be reflected to the design procedure and the standards through the analysis based on
the statistics and the probability.
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Table 1. Introduction of sewage treatment plant

Ttem STP I STP I STP I
Design
capacity(m’ day) 54,000 20,000 500
Design  |BOD 135 146 175
criteria(mg/L) | SS 112 120 153
Conventional . Conventional Biological mutrient
Treatment process | . , removal process
activated sludge activated sludge . . .
(intermittent aeration)
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Table 2. Evaluation items

STP I STP 11 STP III
Period 2002. 1~ 2002, 1~ 2001. 3~
ene 2002, 12 | 2002. 12 | 2002. 2
Sample number(N) 360 365 365
Evaluation | Influent flowrate, BOD, COD, SS, TN, TP
item Effluent BOD, COD, $8, TN, TP
Mean, Standared deviation, Coefficient of
Influent .. . .
variation, Skewness, Kurtosis, Percentile
Result Mean, Standared deviation, Coefficient of
Effluent | variation, Skewness, Kurtosis, Percentile,
Normalized percentile, Coefficient of
reliability, Probability plot
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Table 3. Statistical characteristics of influent flow

Mean(m’/d) St.dev .
(Max. ~Min.) (m3 Q) CV  Skewness Kurtosis
44298
STP | (56,166 5.582) 522052 012 -2.70 17.54
25,302
STP 11 (37,107~ 16,588) 297268 0.12 1.09 1.86
508
STP 1II (687 ~283) 6455 013  -0.33 0.58
Table 4. Comparison of design flow and real flow
Item STP I STP 1I STP III
Design flow  (m’/d) 54,000 20,000 500
Real flow”  (m¥/d) 44,298 25,302 508
Ration” (%) 82.0 126.5 101.6

) AA%4 Fard
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STP Il 1~24, 6~39 FFA= 2AAL.
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Fig. 4. Variation of influent water quality(STP I).
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e 27%E 2333, STP Nl 719 A8t FE9 50% 51 36 60 23 1.0
HE2 FoliEsLR yUeun o Agagd PR 5% 59 41 80 25 12
& WAA Bk 90% 69 46 101 28 1.3
95% 84 51 130 29 1.5
312, Seisal 99% 125 63 201 35 1.8
FU5Y WEE AL A AAGREQ@DF A T De BP0
249 BAEH AAE AFEsATh Fig 48 2ol AR 7502 135 54 62 1 2:0
m2t 4% fdsd dwst FsH veisien, 29t 90% 157 60 70 25 27
ASHe ABZT 9= FHEAH st g AV 95% 169 62 77 29 29
Bk 32 AL Jehhginh STP I, Ix A9 A 2 99% 2020 70 98 31 3.0
&S Vel 9tk STP I 25% 154 65 71 32 2.0
Table 5614 STP 1) #<$ BOD$ SS9 ZZMay} o 50% 17878 & 36 23
Aol Ui JoEoz =7 Uehton, MEAFE U s o
03 olstel &2 ol Uit =3 JIT AE BE o | 23w 10 45 30
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Table 5. Statistical characteristics of influent water quality
Hem Mean{mg/L) (Max. ~Min.) St.dev(mg/L} Ccv Skewness Kurtosis
STP 1 STP II STP III |STP T STP II STP III|{STP I STP 1I STP Il[| STP I STP II STP III|STP I STP II STP III
BOD (1685-3~22) (212?44) (1;72) 29.00 3048 3485 | 0.33 0.26 0.20 2.39 0.21 0.17 | 11.40 074 041
COD (873~612) (8;?17) (13715) 973 1093 1677 | 027 024 022 0.70 006 -004 (339 -0.14 0.78
SS 70 >3 89 33.05 1503 3064 | 047 0.28 0.35 2.65 1.00 472 1021 3.77 4335
(285~20) (138~20) (18~1) '
TN = 18 36 412 590 6.60 0.18 033 0.19 1.02 039 -083 | 467 -0.65 1.20
(49~9)  (33~7) (37~5)
TP 2 23 22 022 052 0.52 0.21 0.23 0.23 1.18 -0.54  -0.54 2.69 1.05 1.05
(2.0~0.5) (3.8~04) (3.8~0.4) L
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Table 7. Statistical characteristics of effluent water quality

Mean(mg/L : )
Ttem (Max.i %/mi.) 5:12;3 Ccv Skewness Kurtosis
STP1 STPII  STP II |STP 1 STP Il STP III|STP I STP II STP II|STP I STP II STP MI|STP I STP II STP III
BOD (19135) (17:) (15iz) 345 288 238 | 028 031 028 | 026 022 041 |-119 077 0.5
COoD (1424) (22214) (138~5) 127 204 142 015 025 017 |-006 118 077 | 230 434 075
s$ (1621) (196~1) (1811) 206 247 256 | 045 072 038 | 115 241 097 | 259 776 213
N 21 12 !l 293 448 271 | 014 037 024 | -046 041 044 | 098 -095 124
(29~9) (23~5) (25~5)
TP 09 1 02 0.13 034 025 | 015 030 122 | 149 138 416 1327 109 2658
(19~04) (2.1~04) (2.2~0.01)
Table 8. Comparison of removal efficiency (unit: %) 3o 27128 293¢ g8 =3 £F 75
STP 1 STP 1l STP III
Item Mean  Stdev Mean . Stdev Mean  Stdev Table 9. Reliability coefficient(Eff. BOD)
(Max. ~Min,) Max. —Min.) Max. ~Min.) Reliability 25%  S0%  75%  90%  95%  99%
75 92 98 cv
PP e~ T s~ ] o000 01 10923 10227 09180 0.8750 0.8597 0.8450
copl B om| B oaml ¥ s 02 12034 1.0465 08484 0.7777 0.7539 0.7316
(91~27) (90 ~53) (97~91)
0 0 00 03 13397 1.0715 0.7887 0.6999 0.6713 0.6450
SS ©9~73) 5.00 (99~ 50) 5.61 (98~ 65) 441 04 15108 1.0976 0.7368 0.6363 0.6051 0.5767
6 1 %6 05 17319 11251 0.6913 0.5832 0.5507 0.5216
N gasny 19971 gy 0| og~gey *0° STPL 06 20289 1.1539 0.6511 05384 0.5053 0.4760
14 35 99 0.7 24488 1.1843 0.6153 04999 0.4668 0.4378
TP 16.68 14.70 0.78
(74 ~-146) (81~1) (100 ~93) 08  3.0880 12163 0.5833 04666 04337 0.4052
09 41786 12501 0.5544 04374 0.4051 03772
Table 87 Zo] STP [ BOD, CODS} Z-& $723 A 1.0 64601 12859 05282 0.4117 03800 0.3528
Aol Aol 70~90% o] E&& BYey, TN, TP 0.1  1.0822 1.0120 09237 0.8807 0.8629 0.8194
5 QUdF AAL HF 15% olstg.en. STP IE 7] 02  1.1792 1.0243 0.8582 0.7868 0.7589 0.6941
E2 80~90% o]42e MAELES EFo) 4gaRy 4 03 12952 1.0369 0.8014 0.7110 0.6772 0.6020
2 35% olaty) AFEEL YEPT F AR AL 04 14366 1.0497 07516 0.6486 0.6114 0.5315
IEXE &0l THUEA FRA, FUF F£F TF U] STP 1l 05  1.6126 1.0630 07077 0.5962 0.5573 0.4757
H 2o AT ago] AXFRLH, AR FYF BEE 2 06  1.8377 1.0765 0.6686 0.5516 0.5120 0.4306
3 HE42 e YUy E sttt wad], 7+ X713 ) 0.7 21359 1.0904 0.6336 0.5133 04735 03933
9 NEAATYPOE SAFT gl STP MGIAE TN 86%, 08 25496 1.1047 0.6021 0.4799 04403 0.3619
TP 99%9] AAZEE YeldoH, AAEEY ¥EE 4 0.9  3.1622 11194 05736 0.4506 04116 0.3352
Aoz A2 AS=Z Yyt 1.0 41621 1.1344 05476 0.4247 03863 0.3121
0.1  1.0691 1.0200 0.9433 0.8806 0.8432 0.7992
332 MZ|E HLE 28 MElES9 B} 02 - 1.1486 1.0408 0.8927 0.7867 0.7290 0.6656
A4 ga AAEE Fre] S 7 FEwe 03 12407 1.0624 0.8473 07109 0.6420 0.5703
HEASG AL 722 AFan Huy A7unes 04 13490 1.0850 0.8062 0.6484 0.5735 0.4988
E2RoeR 2 2248 BA8ES A S, - 0.5 14779 1.1086 0.7690 0.5960 0.5182 04433
FAFEY A2 EeH BESE 2472 TAGRE Sa 0.6  1.6342 1.1332 0.7350 0.5514 04727 0.3989
A F As BrdAE A4 EX2 g1 9= A5 0.7 1.8273 1.1589 07039 0.5131 04345 03626
3 %2 9NR=AS ARe] odd. 1EY g 0.8 20722 1.1859 0.6753 0.4797 04020 03323
o Wmuoz Ui Rae Use nHaA 5 7 = 0.9 23929 12141 0.6490 04504 03741 03067
W 2dETyl Y 4 gls BB O & glT o B 1.0 2.8310 1.2436 0.6246 04245 03498 0.2848

J. of KSEE / Vol. 29, No. 3, March, 2007



AFgel 712 A 2488 7 355

Table 10. Percentiles and normalized percentiles of effluent water quality

Percentiles Normalized Percentiles

25%  50%  75%  90%  95%  99% 25% 50% 5% 90% 95% 99%

BOD 9 12 15 17 18 19 -0.8452 -0.2223 0.8931 1.4291 1.6319 1.8347

COD 8 9 9 10 11 12 -0.5842 0.0467 0.5198 1.2295 1.4660 2.9643

STP 1 SS 3 4 6 8 8 10 -0.7799 -0.2933 0.6799 1.6531 1.6531 2.8258
N 19 21 23 25 26 27 -0.6509 0.0369 0.7264 1.2060 1.5556 1.8694

TP 0.8 0.9 0.9 1.0 1.1 1.1 -0.4849 0.0097 0.5833 0.8880 1.4340 2.0527

BOD 7 9 12 13 14 16 -0.7597 -0.1185 0.8261 1.3547 1.5887 2.2039

COD 6 8 9 11 11 13 -0.7853 -0.1100 0.62661 1.4124 1.6580 2.4290

STP 11 SS 2 2 4 7 8 13 -0.5803 -0.5803 0.2299 1.4452 1.8504 4.0177
N 8 10 15 18 20 22 -0.8306 -0.3821 0.6813 1.3728 1.7437 2.1895

TP 0.9 1.0 1.2 1.8 1.9 2.0 -0.5901 -0.3523 0.1754 1.9070 2.3232 2.6799

BOD 7 8 10 12 13 15 -0.6468 -0.1959 0.6009 1.3559 1.8591 2.5117

COD 7 8 9 10 11 13 -0.7350 -0.2352 0.6216 1.1928 1.7640 3.0120

STP 111 SS 5 6 8 10 11 15 -0.6782 -0.1158 0.5670 1.2499 1.7198 3.2984
TN 9 11 14 15 15 18 -0.7710 -0.1073 0.8513 1.1094 1.1331 2.3560

TP 0.07 0.1 0.2 0.4 0.6 1.0 -0.5660 -0.4302 0.2035 1.1269 1.9552 3.5697

Table 11. Evaluation of reliability in effluent water quality

BOD COD SS N TP
Water quality

standard(mg/L) 20 40 20 60 4
Annual STP 1 12 9 5 21 0.9
average STP II 7 6 6 12 11

of water

quality
STP III 9 8 7 10 0.2

(mg/L)
Reliail STP I 100 100 100 100 100
eéf;); KA 10 100 100 100 100
STP I 100 100 100 100 100
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