=87 383 A A1TH(A45), 405~412, 2008
Journal of the Environmental Sciences

TSN 1L G AT TAY B2

2% - pdY - As - oHY’

grddx) BFNATY, “WFFYN FFEAIRY
(20079 114¢ 199 A< 2008 29 13Y AH)

Improvement of Operating Efficiency on Advanced
Wastewater Plant Using Statistical Approach

Kyung Sook Moon, Kyung-Sub Min, Seung-Min Kim and Chan-Hyung Lee

" Environmental Installations Corporation, Daegu 703-823, Korea
"Waterworks Headguarters, Daegu 711-810, Korea
(Manuscript received 19 November, 2007; accepted 13 February, 2008)

Abstract

Statistical analysis technicque was applied to operating parameters and removal efficiency data sets obtained
from advanced wastewater treatment plant during 1 year. Through factor analysis three factors derived varimax
rotation were selected each plant. Three components explained 96%, 87% of the total variance of the process,
respectively. The components on A;O plant were identified in the following order : 1) Shortening the SRT
during high-flow period, 2) Keeping biomass high on winter 3) factor was related to DO. On DNR plant,
we defined them as follows: factor 1, Prolonged the SRT during high-flow period; factor 2 was related
to sludge return; factor 3, Influent BOD during low-DO period. This technique was believed to assist oper-
ators in identifying priorities to improve operation efficiency.
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Table 1. The monthly variation of operating parameters on A2O process plant

FIM BOD load -
Influent Tem PO MLSS Return SRT Internal
A0 (O ) we) SV ratio%) f{gﬁ%‘g’) “;%B_Odl))’ d)  retun(%)
Jan 380,682 11.0 2.0 3,092 252 62.5 0.07 0.18 259 140
Feb 410,188 11.0 2.3 3,168 275 564 0.07 0.17 18.6 128
Mar 404,217 13.3 2.2 3,115 285 564 0.08 0.21 16.2 128
Apr 463,292 15.7 2.1 3,174 270 51.0 0.10 0.23 12.8 111
May 508,403 19.0 1.9 3,413 235 45.5 0.11 0.25 12.2 97
Jun 470,943 22.3 2.0 3,182 191 40.6 0.10 0.24 13.2 105
Jul 645,599 22.1 2.8 2,242 125 299 0.13 0.14 10.6 78
Aug 555,832 25.6 2.1 2,022 123 354 0.10 0.11 18.2 93
Sep 490,468 22.6 2.3 1,934 140 39.8 0.05 0.08 21.2 108
Oct 416,947 21.6 2.1 2,095 158 45.5 0.06 0.12 24.7 128
Nov 415,733 17.3 2.5 2,129 177 45.8 0.06 0.13 26.1 127
Dec 404,157 13.7 2.8 2,257 207 46.7 0.06 0.14 26.2 131
Avg 463,872 17.9 2.3 2,652 203 46.3 0.08 0.17 18.8 115
Max 645,599 25.6 2.8 3,413 285 62.5 0.13 0.25 26.2 140
Min 380,682 11.0 1.9 1,934 123 299 0.05 0.08 10.6 78
Table 2. The monthly variation of operating parameters on DNR process plant
Influent Tem DO MLSS Return FM BOD load SRT Internal
DNR i) (C) ge) (o) SV ratio(%) sy RO @ rewm(%)
Jan 323,579 12.0 2.0 2,785 248 50 0.07 0.19 29.8 128
Feb 323,371 12.6 2.0 2,906 270 62 0.07 0.20 26.2 126
Mar 326,790 15.1 2.0 2,668 295 58 0.08 0.20 20.2 124
Apr 372,630 17.8 2.0 2,368 257 54 0.10 - 0.22 19.8 109
May 394,647 21.2 2.0 2,077 223 54 0.10 0.20 33.8 111
Jun 377,109 25.1 2.0 2,109 163 68 0.12 0.25 34.6 120
Jul 447,803 24.1 2.5 1,983 145 54 0.09 0.18 379 115
Aug 439,210 27.5 1.9 2,149 155 56 0.10 - 0.20 31.8 122
Sep 461,603 23.9 1.8 2,361 194 59 0.11 0.25 30.5 126
Oct 351,376 22.5 1.7 2,445 238 68 0.09 0.22 29.9 166
Nov 343,063 17.9 1.9 2,494 264 73 0.08 0.21 - 28.0 169
Dec 337,993 13.7 1.9 2,491 280 75 0.09 0.23 25.0 172
Avg 374,931 19.5 2.0 2,403 2278 61 0.09 0.21 29.0 132
Max 461,603 27.5 2.5 2906 295.0 75 0.12 0.25 379 172
Min 323,371 12,0 1.7 1,983 144.9 50 0.07 0.18 19.8 109
e APz o7t e oz ek INAAST TPAALL ulsd 4u4e el

ZEER RS
2 547 $3e
A% AAGe) Yrigs

Q = A~ I~
TETT T

-T-]‘L..s

o =
TETF

g FAAALY 24 5
Tk A20x 8] 3¢ BODAIAHEL 2, SRTS} 9]

ZBBAES
9| s vehiY

H
‘T-/‘\:]TE

Qo ol FAS won
F59) Fh0) 2

o 2 3 o

Sk

L}el B, MLSS, SVI, BOD loads}= &

o). MLSS, SVI,
e R, 520 §ENRE
ST

ool = =2

T =

o ZU MLSSFEE ¥°Jal

}<q of
o 9

T 1L

3T}

& ol

—

I REAALE
3]
I

l:l

BtE&, BOD loads} ¥4 2#<&
=9 28-S yE
AAB 7 A= HEES
A YBODE
f?l H THh= WA HA &
AN e AA= 7|
9] J—}%‘ HHE ol&ste YHol=

>~

=
571 7]
é‘

l



nEAE AE FAE AT FAH HS 409

TPAA&S ¥0]7] AsidE AEWNSRY v E
o] Polo} F}”.

DNRA 2] 2] BODA| A& (Table 4)2 F/M, BOD
Foteh o) BHS vehlin], MLSSS} &9 S
Uebsich. BODAI AL S ¥0]7] Y8)AE MLSSS]
T FHH AN A FA e, FME F0]7] Y34

BOD X315 ¢ 5o 93ldo} 3t} =742 A
BAGE 0758 YEREd DNRY2]F& 5229

120TColA 275CHAE L¥kaQ A8 &7} v|$
it} 257} A5etw viAEue 38 a4
HhS-o] £X1E A o] 7h&3tE e, g 24 A
I3 dFlME &3 BODY AL H}.
TNA) AE&-& F/M, BOD 13}9} <keo] A8 el
= g2AHS quUAYoeZ BODE hEHE &
Z1Eo]l Hag ez #AgdArt TPA A=
MLSS, SVIZ} ¢F9] Aol ey A04 333
A -

N

eawaAtels AAEAE Batel 418 27
7R A Q)3 varimaxHbAl 0 2 3] A Fto 1I-Fx], B
AFe) A 9} Component MatrixS Table 5, 69 1}E}
Witk 22 8RS A0 Aol a9l
10] & ¥Ak9] 40.8%E eI 821 2= 40.7%
2 Q09 3707 & B29] 95.71%E AWE 4 Q)
DNRA 2|42 82 10] F F4t9] 46.4%E e
A3 82 2= 209%=E 291 3747} = B4ke] 86.8%
g AR 4 Utk

A0 2] ol A=
F/M(0.954)7} SRT(-0.931)]]

29 19]

95 9(0.844),
we 29 AYAE 1

CERREE “§95%7 <) BOD Z7t8E A7)

odod&ex] AR Q13 SRTAA"E on)sittxn
A5 PTh &9 2= 4-2(-0.843), MLSS (0.875),
SVI(0.958)2] Q1A AXE HYo g »"420] Yy
FrFFol AAde AL vAEY FFdol ¥

Table 3. The correlation coefficient between effluent quality and operating parameters on A,O process plant

A0 BOD COD SS TN TP BODr CODr SSr TNr TPr
Influent -0.45 -0.52 0.05 -0.74 0.06 0.00 -0.82 -0.81 -0.50 -0.35
Temp. -0.75 -0.73 -0.24 -0.57 0.32 0.57 -0.77 -0.58 -0.58 -0.44

DO -0.34 -0.38 -0.46 0.26 0.59 0.17 -0.48 0.05 -0.68 -0.75
MLSS 0.79 0.91 0.90 0.12 -0.58 -0.74 0.72 -0.09 0.81 0.71

SVI 0.93 0.97 0.57 0.46 -0.55 -0.70 0.90 0.36 0.86 0.72

Return rate 0.79 0.76 0.25 0.47 -0.48 -0.48 0.91 0.65 0.80 0.69
F/M 0.03 0.05 0.59 -0.54  -0.20 -0.38  -0.31 -0.78 -0.03 0.05
BOD load 0.61 0.81 0.95 0.13 -0.39 -0.56 0.59 -0.23 0.66 0.55
SRT -0.23 -0.26 ~-0.65 0.45 0.30 0.50 0.20 0.76 -0.16 -0.18
Internal return 0.40 0.41 -0.19 0.71 -0.01 0.00 0.73 0.87 0.41 0.26

Table 4. The correlation coefficient between effluent quality

and operating parameters on DNR process plant

CODr  SSr

DNR BOD  COD SS TN TP BODr TNr TPr
Influent -0.81 -0.74 -0.58  -0.76 0.11 0.54 043 012 013  -0.74
Temp. -0.90 -0.79 -0.63  -0.85 0.22 0.75 -0.30 0.00 047  -0.65
DO -0.02 0.02 0.21 -0.02 0.40 -0.32 022 071 -047 -047
MLSS 0.73 0.73 0.47 0.75 -0.29 -0.61 0.27 030  -0.37  0.68
SV1 0.72 0.64 0.44 0.68 -0.15 -0.37 0.41 031  -0.04 071
Return rate 0.02 -0.25 034 028  -0.25 0.15 037 -016 0.19  -0.09
F/M -0.55 -0.59 034 -0.63 0.22 0.70 0.12  -0.02 058  -0.39
BOD load -0.11 -0.19 0.11 021  -0.05 0.49 0.07 0.31 0.56 0.12
SRT -0.61 -0.57 -0.40  -0.54 0.07 0.22 046 047 -020  -0.68
Internal return 0.05 -0.25 046  -0.16  -0.62 0.02 041  -006 000 -0.01
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Table 5. Varimax rotated factor loading on A;O plant
AO Factor 1 Factor 2 Factor 3 Communality
Influent 844 -477 -.145 0.960
Temp. 445 -.843 258 0.976
DO 8.045E-03 -.185 -.973 0.981
MLSS 242 875 391 0.978
SVI -.181 958 137 - 0.970
Return rate -.582 767 176 0.958
FM 954 104 5.846E-02 0.924
BOD load 399 174 395 0.913
SRT -.931 -.205 -.165 0.936
Internal return -.189 418 -5.016E-03 0.980
Eigen value 5.11 3.50 0.98
Pct.variance(%) 40.8 40.7 14.2
Table 6. Varimax rotated factor loading on DNR plant
DNR 1 2 3 Communality
Influent 831 -.333 9.288E-02 0.960
Temp. 912 <1.777E-02 216 0.976
DO 327 -423 -.642 0.981
MLSS -.909 134 -5.054E-02 0.978
SVI -.934 207 7.246E-02 0.970
Return rate -3.239E-(02 890 329 0.958
F/M 733 -4.432E-02 632 0.924
BOD load 150 207 922 0.913
SRT .839 9.320E-02 -.335 0.936
Internal return -219 940 6.307E-02 0.980
Eigen value 4.96 2.65 1.07
Pct.variance(%) 46.4 20.9 19.5
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