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Prediction of effluent quality from primary
sedimentation tank using multi—-variable

regression method

Tae-Hyun Kim

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

The release’ of polluted water by an inadequate sewage treatment cause a
serious environmental problems and disease in animals’ and plants.
Recently, strict. environmental controls and Water Quality .Standards have
been adopted “and™ consequently ' ICA(Instrumentation, Control and
Automation) techniques. have been developed rapidly in order to manage
and control the sewage treatment process.-As a result, various predictive

models have been proposed by using simulation and mathematical models.

Many models which are developed for the sewage treatment process are
focused on a predicting technique which is to detect an irregular situation
of the process and prevent a problem from occurring in the process.
Recently, various Neural Networks—based models which might be efficient
in pattern recognition and prediction problems have been used in previous
researches. However, there some unsolved issues in neural network
models. The input vectors in neural networks should be normalized
between O and 1 if the activation function used is the standard sigmoid.

_|\/_



Another problem is the noise of input vectors could effect to the
predictive accuracy. Because of these problems, it would not be
appropriate to use previous popular models for the process design and the

process control optimization of the sewage treatment.

In this research, the Primary Sedimentation Tank Effluent Estimation
model, which can be substitute for the ASMs proposed by IWA task group
and adaptable to an integrated model of the sewage treatment, has been
proposed in order to overcome the problems of previous studies. The main

results in this study ara as follows;

1. A multiple regression-model in which independent variables are inflow,
BOD, SS, TN, TP, and first sludge has been developed to predict the

primary sedimentation tank effluent.

2. The RMSE(root mean ;square error) of BOD, COD, SS, TN, and TP are
3.81, 2.74, 4.7, 4, 0.2 respectively.

3. The proposed regression model, which has been developed with data of
year 2006, has been tested on the data of year 2007 and produced a good

performance in“terms of predictive accuracy.
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Table 3.2¢ Table 3.3° 3| FAATE AHGst=d AR&¥ Pk S-3h4A]

94 20069 FAFSE 2 AR FAAEI et glok

Table 3.2 Water quality of S-WWTP influent in 2006

#9% ¢ pH DO BOD COD S8 TN TP . -F e

m3/d (¢ mg/L. mg/L mg/L mg/L mg/L mg/L  m3/d 7}/mL

vy 249963 183 74 1.6 1236 633 1356 364 3.8 1022 138106
EFHA 46094 56 01 02 113 62 167 48 05 449 67398
AL 186400 79 6.9 1485 B70.2N A7 MEGU™=24.2 2.2 0 59000
9+ 237150 183 74 1.6--1243 62.7-1360 372 40 1146 97000
Az 4093000 291 7.8 25 1589 780 168.0 46.8 5.0 1963 290000

J= 17 00/ 0.2 480 ASSSE7N UNEE 0'58, -0.4 -0.9 -0.4 0.7

A= Pow,  -12 O8N ;O4NSS(ON OEEmms =05 12 =0.7 -1.0

Table 3.3 Water quality of S-WWTP primary settling effluent in 2006

BOD COD SS TN TP
mg/L mg/L mg/L mg/L mg/L

- Kia 66.7 36.2 5t:4 28.2 2.9
EFHA 82 5.7 5.6 3.9 0.4
Az 34.6 23.8 32.0 16.1 17
=95 63.1 374 52.0 28.7 3.0
Aoz 838 478 66.0 37.3 3.7
J= -0.8 -0.4 -05 -0.6 -0.9
Az 1.2 -1.0 1.0 0.1 0.6

_15_
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Table 3.4 Water quality of .S=WWTP influent in 2007

. #Q% %& pH DO BOD COD S8 N TP - wiw
m3/d C mg/L mg/L | mg/L mg/l. mg/l. mg/L m3/d 78 /mL
Ha 233031 190 75 16 1250 740 1302 368 43 1257 166534
EFHA 3676 53 .01 02 215136 299 66 06 243 57401
A 175900 .82 7.0 13 692 351 530 204 24 78 56000
T4 222850 19.7-. 74 1413077441810 371 43 1251 184000
Az 393000 282 7.8 20 17411078 2120 502 6.1 1994 320000
Jg= 2.0 00 03 06 -06 -03 -01 -02 -05 -0.68 -0.7
ix 49 -13 01 -13 -03 03 -02 -09 06 3.8 -0.5
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Table 3.5 Water quality of S-WWTP primary settling effluent in 2007

BOD COD S TN TP
mg/L mg/L mg/L mg/L mg/L
33 76.5 39.1 45.8 30.6 3.3
EFAR 16.0 5.8 9.9 49 0.6
HArt 34.4 20.1 23.0 15.1 18
A+ 79.7 40.4 46.0 30.9 3.3
oz 113.0 50.9 770 40.2 4.4
J= -0.4 -0.7 0.1 -0.7 -0.5
Az -0.4 0.3 -0.4 0.7 -0.2

323 229 HgA B}

RMSE(root \mean squar errer, Az <=t -A 3 2H)E ST}

RMSE+ 7hzte]l QxtzkEe] Zte A8 Hvr =S Bl WHo=,
AZtE RMSE gteol 28 AAgat 5o 2, 5 27t o Av= A
& o gh

N
J nzl( YM_ YP) :
RMSE= N
Yu : ASA
Yp : oA SFA
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Table 4.1. Analysis

dispersion table of BOD

= A DF SS adj SS MS F P
5] 7] &4 35 9861.3 9861.31  281.752 11.21 0
A 8494.2 2420.61  345.801 13.75 0
A 449.6 618.48 88.355 3.51 0.002
AT 28 21 9175 917.54 43.692 1.74 0.031
2k} @ 2f 150 3771.3 3771.27 25.142
A 185 13632.6
Table 4.2. A regression-coefficient of BOD
K A+ 3 A+
e 90.641 1 Y F# - 9 BOD 1.67E-06
e -3.42E-05 S FxHF 2SS =4.16E-06
f+94BOD -0.892262 T A SS 1.64E-06
3 SS 2.47781 T Y TN -4.18E-07
1SS -0.69978 T A TP -2.82E-05
FUTN -3.76997 YA E e A = | -2.45E-08
FATP 24.2898 F ABOD*&FHSS 0.00601121
1x& A A & 0.0215952 - YBOD*H-4SS -0.00189443
Tt ~1.08E=10 FUBOD*FYTN 0.013817
- YBOD*H4BOD 0.0037237 T ABOD+F+ TP -0.116453
3} F 7 SS*3FF HSS -0.00799712 FYBOD+12r& 8 A F | -1.82E-04
USS*FYSS -0.00117282 B A SS* 4SS -0.00113425
T ATN+F+ U TN -0.0577666 3l SS* - TN 0.00481162
T ATP+H 4 TP -1.61957 A SS+ A TP -0.246208
128 A F=1apE e A% | -1.82E-06 3 FSS*1Ak& 21 A 7 | -3.13E-04
T USS*FHAUTN 0.0198508
T ASS*FATP -0.0178446
T USS*1A&H A F 0.000145259
A TN+ A TP 0.873581
T ATN*+12F&H A &F 0.000389268
A TP*12 &2 A & -0.00236004
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Table 4.3 Analysis dispersion table of COD

= A DF SS adj SS MS F P
5] 7] &4 35 449954 449954  128.558 9.15 0
A 7 3812.48 762 108.857 7.75 0
A & 7 44.66 44.48 6.355 0.45 0.867
Ao 28 21 642.4 642.4 30.591 2.18 0.004
2k} @ 2F 150 210641  2106.41 14.043
A 185 6605.95
Table 4.4 A regression coefficient-of-COD
& Al & Al
e 49.949 9 ZF+F-9BOD -2.66E-07
T -2.64E-04 -9 =37 A SS 1.03E-06
f94BOD 0.829775 T U SS 1.79E-06
37 SS 0.443718 T T F+TUTN -4.84E-06
9SS -0.781829 T U T F T A TP -5.92E-06
F+UTN 3.10033 A E«12Ee A % 4.70E-08
TP -17.556 4 BOD* 8} + 2SS +0.00687712
1x& A A & -0.0315667 FUBOD*HYSS 0.00422892
T 2.12E-10 Y94 BOD*+YTN 0.00284467
- YBOD*H4BOD =0.00151686 T+ UBOD* -4 TP -0.192013
3} F 7 SS* 3 F 2SS =0.00657721 - ABOD*1 2= & A = 1.80E-05
ASS*FYSS 9.35E-05 7 A SSH- 9SS -0.0078004
T ATN+F+YTN 0.00589006 B FHASSHF A TN 0.0064792
T ATP+F 4 TP 4.43507 BHFHASSHF A TP 0.447369
1x& A = 12& 2] A ZF | 3.89E-07 SHEHSS*1 2} &2 K] = -1.38E-05
FASS*FAJTN -0.00102133
FUASS*F AU TP 0.0876092
FrASS*H1A& 2 A B -1.41E-04
T ATN+F LY TP -0.781761
A TN*1 2 &2 A =F 0.000656075
FATPx12& A &F 0.00281817

_21_




Table 4.5 Analysis dispersion table of SS

=3 DF SS adj SS MS F P
3] 7= 35 3251.3 3251.3 92.8942 4.28 0
Ay 7 1982.56 305.28 436117 2.01 0.057
A 7 262.62 193.39 27,6267 1.27 0.267
IR 21 1006.11  1006.11  47.9101 2.21 0.003
2} 2 A} 150 32549 3254.9 21.6993
A 185 6506.2
Table 4.6 A regression-coefficient of SS
a A5 & Al
e -208.57 9] F#F=f- Y BOD -2.28E-06
SRR 0.000456261 S ek 7SS ~4.38E-06
f<4BOD 242321 T T ASS -5.87E-07
HFHSS 0.654179 T AT F T ATN 9.69E-06
9SS 0.687503 AT ATP -5.78E-05
FATN -0.230759 s E e A% | 4.08E-08
FAUTP -9.12819 F < BOD=* &+ 4SS -2.92E-04
12 A & -0.0100262 F 9 BOD*-H%SS 0.00381879
BRI R =5.55E=11 A BOD++9 TN -0.00914837
F JBOD*1BOD ~0.00575157 F ABOD* U TP -0.129228
S SS# 37 A SS -8.72E-04 FYBOD#12-& 8 A % | -1.53E-04
FASS=FUSS 0.000196222 S A SS*FUSS -0.0110845
FATN+FY TN 0.092722 S HASS*F U TN -0.0206066
FATP*ATP 451178 A SS* Y TP 0.745373
128 A 1k s e A 7 | -2.58E-06 S ASSx1AEH A | 0.000239296
FYSS*HYUTN -0.0196854
FASSHTATP 0.051013
FrASSH1AEH A F 7.08E-05
FATN+F Y TP -1.0231
FATN1 2 & A F 0.000199079
FATP12& 8 X % -0.00189991
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Table 4.7 Analysis dispersion table of TN

= A DF SS adj SS MS F P
5] 7] &4 35 2201.74  2201.737 62.9068 18.97 0
A 2043.73  491.218 70.174 21.16 0
A & 85.04 26.881 3.8401 1.16 0.331
Ao 28 21 7297 72971 3.4748 1.05 0.411
2k} @ 2f 150 49752 497.522 3.3168
A 185 2699.26
Table 4.8 A regression-coefficient of TN
a Al g Al
e 51.8289 9] F#F=f- Y BOD 4.82E-07
SRR -1.64E-04 s FHSS 8180E-07
f<4BOD ~0.430227 T T ASS 2.16E-07
HFHSS -0.219435 T AT F T ATN -2.68E-06
9SS 0.156143 FATFTATP 1.85E-05
FATN -0.626497 1S A7 | 2.29E-08
FAUTP 17.796 F < BOD=* &+ 4SS 0.00364242
1A& A = -0.0158432 F A BOD* 9SS -1.04E-04
BRI R 2.35E=11 FABOD++9 TN 0.0082946
F JBOD*1BOD 0.00255475 F ABOD* U TP -0.211125
S SS# 37 A SS 0.00195133 FABOD*1xt&= 2 A & | 7.91E-05
FrASSHH-ASS -0.00146356 A SS* R USS -5.67E-04
FATN*FA TN -0.0321651 S A SS* A TN 0.00519951
FATP*ATP 1.68159 A SS* Y TP -0.166383
A& A Fx1x& A F | 9.15E-07 S FASSx1AEH A | -1.55E-04
FrYSS+FYTN 0.0112029
FASSHTATP -0.0453257
FrASSH1AEH A F -3.10E-05
F A TN+ A TP 0.220323
FATNx1 2} &2 A 2 0.000429018
FATP+12}& 8 A & -0.00112256
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Table 4.9 Analysis dispersion table of TP

= DF SS adj SS MS F P
3] A=A 35 207844  20.78439  0.59384 9.59 0
A8 7 18583 561314 0.801877  12.95 0
A2 7 1.1547 022081  0.031544 051 0.826
R 21 1.0467  1.04672  0.049844 0.81 0.71
2} A} 150 9.2858 9.2858  0.061905
A 185 30.0702
Table 4.10 A regression coefficient of TP
a Al st Al
e ~1.19933 9 F=fYBOD -6.81E-08
Sl 5.12E=06 s FHSS 1.26E-07
f<4BOD 0.0410394 AT 9SS ~1.80E-08
2SS -0.133636 S F A TN -7.96E-08
9SS 0.0179249 AT ATP 1.82E-06
FATN 0.196618 12} &2 A = 9.42E-10
FATP -0.966065 F ABOD*&}F A SS 0.000358507
12 A & 0.000196734 FBOD*4SS 2.20E-06
BRI R -1.11E-11 F A BOD*54 TN 0.000575033
- 9BOD#*-9BOD -6.02E-05 F ABOD* 1+ 4 TP -0.0103976
& F A SS# 3 ASS 0.000610608 - BOD*12}& 2] #] 2% -5.13E-06
FrUSSHHUSS -4.39E-05 S A SS* R USS 6.65E-05
FATN*FA TN 0.00266642 S A SS* A TN -0.00206941
FATP+F AT 0.200224 SHFHASS*F- A TP 0.0176932
1A&E A Fx1xp& A F | 2.39E-08 SHFASSx1AEH A | -1.91E-06
FrYSS+FYTN -0.00111229
FASS+FATP 0.00906337
FASSx1AEH A & -2.12E-06
F A TN+ A TP -0.0428277
FATN1 2} &2 A 2 -2.47E-06
FATP+12}& 8 A & 0.000128115
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Table 4.11 Estimation result of RMSE between the measured value and
predictive value

BOD COD

SS TN TP
RMSE 3.81

2.74 4.7 4.0 0.2
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Table. 4.12 Validation result of RMSE between-the measured value and

predictive value

BOD COD 5S TN TP
RMSE 13.24 6.47 9.92 4.70 0.46

Table 412 ®H A FA4 S e} mpi7kx 2 TP RMSE7l 7Hd v
2 #E YeEo AR el E TP S AA ] =X dFFE M
H2ETS ¢ F ARG HE BOD (49 7H & 13247 UERs

Fig 47~4.11°l 37442 2Ags vadk s T2 el

L

&
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