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Optimization of a Modified UCT Step Feed Process Treating Municipal
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Abstract: A pilotscale modified UCT step feed process was proposed to treat the municipal wastewater with lower COD/N in a large—
scale wastewater treatment plant. Effects of influent distribution ratios and nutrients ratios (COD/N.COD/P and TN/P) on nutrients
removal capabilities were importantly investigated. The removal mechanisms of organics and nutrients and sludge characteristics were
ultimately discussed. According to the continuous experiments the stable and high process performance was obtained. The average
COD removal efficiencies and effluent concentration of (83.8 £3.86)% and (43.7 £8.35) mg/L were achieved in the influent COD
loading of 0. 79-0. 93 kg/(m’+d). The COD removal in anaerobic and anoxic zones accounted for 60. 2% ~76.2% . With the influent
distribution ratio of 40% :30% :30% as much as 88.2% of TN removal efficiency was observed. It should be considered the removal
of 32.8% through simultaneous nitrification and denitrification process. The average effluent NH,” N and TN were (0.21 +0.20)
mg/L and (7.90 + 1.27) mg/L respectively. It was extremely important that as much as 32.6% -39.5% of the denitrifying
phosphorus accumulation organisms contributed to the high phosphorus removal efficiency of 97.2% . A linear positive relationship was
observed between nitrogen removal efficiency and COD/N in the range of 4. 64 and 7.41 (R’ =0.96). Phosphorus removal efficiency
was found to be a function of the influent COD/P and TN/P varying from 35.0 to 92. 5 and from 6.24 1o 12.5 respectively (R® =
0.87 and R* =0.89). In addition the great sludge settleability was obtained with the mean SVI of (82.6 £4.99) mL/g.
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Fig. 1  Schematic diagram of pilot-scale modified UCT step feed BNR process
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Fig.2  Variation profiles of COD with four influent distribution ratios
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Fig.3  Variation profiles of nitrogen with four influent distribution ratios
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Table 1  Effect of inflow distribution ratios on the modified step feed process performance
1 2 3
o 1 1 2 2
/% [mg*L
AP AN 2 AN 3 AN
COD 269.7 86.5 61.5 38.2 59.9 40.8 62.9 49.0 48.9
NH; N 56.7 14.7 7.89 0.21 19.0 0.72 20.4 8.43 8.31
20:30:50 NO; N 0.22 1.05 4.03 8.03 4.39 3.78  11.6 10.5 7.43  13.1 6.38 12.9
NO, N 0.02 0.02 0.33 0.03 0.00 0.00 0.08 0.004 0.01
PO} P 12.4 11.8 0.60 3.66 4.81 2.93 3.21 2.44 2.47
COD 289.5 105.3 47.8 40.3 65.4 39.4 53.2 49.4 47.8
NH, N 49 19.3 12.8 0.41 21.3 0.75 13.6 0.00 0.00
30:40:30 NOy N 0.01 0.87 3.99 9.68 2.95 2.64 11.3 11.91 2.44 10.5 5.59 10.2
NO, N 00 0.01 0.44 0.05 0.03 0.01 0.06 0.01 0.00
PO} P 6.36  21.05 14.0 7.05 .27 1.84 0.95 1.02 1.08 1.11
COD 289.0 128.8 49.7 44.3 60.4 41.9 51.1 40.1 32.7
NH,” N 55.6 26.8 19.5 0.61 18.6 0.92 13.1 0.00 0.00
40:30:30 NO; N 18 0.13 1.29 6.01 5.64 1.37 8.58 10.74 1.56 6.68 8.16 6.53
NO, N 0.03 0.03 0.53 0.08 0.27 0.00 0.27 0.09 0.08
PO} P 5.98 29.7 9.36 20.3 .33 0.52 0.38 0.52 0.41 0.42
COD 287.6  156.7 65.7 43.3 62.8 48.3 48.9 47.9 47.2
NH, N 54.39  30.9 22.6 4.52 23.3 2.03 9.43 0.01 0.00
50:30:20 NO; N .14 0.99 6.75 17.6 7.81 9.32  15.8 15.8 9.55 16.0 2.96 15.7
NO, N 0.31 0.02 0.61 .03 1.26 0.25 0.39 0.40 0.35
PO}~ P 5.58 31.2 1.2 20.0 0.21 0.51 0.04 0.31 0.08 0.09
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Table 2 Nitrogen balance analyses of the modified 6.0 mg/L 0.018 kg/(ml . d)
UCT step feed process — 4 ( b) 4
20:30:50 30:40:30 40:30:30 50:30:20 (b) 4(‘1)
Nitgen /g2 d ™! 57.8 50.8 56.7 56.0
N /ged ™! . . . .
e . 14.0 9.49 12.7 11.7 1 244 mgll.
N entitention /2%d 18. 8 44.8 33.4 34.9
N Jgod ™! 21.6 10. 4 6.74 16. 4 60. 5% COD D
Nexp /god ™! 1.5 8. 65 18.6 8.74 coD 86.5 mg/L
SND /% 20.0 17.0 32.8 15.6
TN 1% 62.7 79.6 88.2 71.0
COD
MLVSS 5500, 4750 4100 mg/L 105.3 mg/L(  2) 128.8 mg/L(  3)
DO 21.05 mg/L  29.7 mg/L
(1.5~2.0) mg/L 83.1% 93.1%. 4 97.2%
(0.05 ~0.8) mg/L .
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Fig.4  Variation profiles of phosphorus with four influent distribution ratios
4 ( b) 17
1 2
1 3 4 Ma " A*/0
1
0.3 mg/L . Pstgaard Y
Wachtmeister 10 UCT
(DNPAOs) 2.4
. 3 COD/TN
4 32.6% ~39.5%  DNPAOs. 5(b) COD/TN ~ 7.41 TN
4 89.2% . COD/TN COD/

NO, N



7 UCT 2011
96
95 L (a) COD/P (b) COD/TNFITN/P 5
94 - ° ‘_B@":g "
04 | = 92t ° ‘%6
R P 3 a9
- X ¢
H 88 }g?
- &
s o //g
S 92+ = 86 i
o " %
T # COD/TNAFTN IR
91 L K " {; @ TN/PR PO P Zifi
82 - &
*]1] L L 1 1 1 1 8]0 ) 1 1 L L 1 1 1 1
30 40 50 60 70 80 90 100 4 5 6 7 8 9 10 11 12 13
COD/P JEAKCOD/TNFITN/P
5 (COD/TN.COD/P N/P)
Fig.5 Influences of influent COD/P COD/TN and TN/P on TN and PO}~ P removal
TN DO ;
con/p @
>35.0 (> 46)
90%).  5(a) COD/P
(R2:0 87) 25~7 14 20 21
DNPAOs
TN/P . Larrea
7 100 HrBel 2 Ffr B3 B B4
2.0 mg/L
80
TN/P
Ten 60
5(b) ky
£
>
“ 40
2.5
20
! UCT
00 20 40 60 80 100 120
“« » t/d
6 4 SVI
Fig.6  Variation profiles of SVI with four influent distribution ratios
SVI 4
(82.6 +4.99)mL/g(  6) )
UCT () 40%
30% :30% UCT
COD/N D COD.NH,; N.TN
A
:®@ ) 60.2% ~
76.2%  COD



2012

32

COD/N

3) /

32.8% SND

)

50% :30% : 20%
32.6% ~39.5%
97.2% .

Zhu G B Peng Y Z Li B K et al. Biological removal of
nitrogen from wastewater ] Reviews of Environmental
Contamination and Toxicology 2008 192(4) :159-195.
Matcalf E  Eddy H. Wastewater Engineering: Treatment and
Reuse M . New York: McGraw Hill 2003.
Baeza J A Gabriel D Lafuente J. Improving the nitrogen
removal efficiency of an A? /O based WWTP by using an onine
Knowledge Based Expert System J . Water Research 2002 36
(8):2109-2123.

A/0

J . 2009 30(3):792-797.

Katser R Stobbe G Werner M. Operational results of the
Wolfsburg wastewater treatment plant J . Water Science and
Technology 1992 25(6) :203-209.
PaiTY TsaiYP Chou Y] et al. Microbial kinetic analysis of
three different types of EBNR process J . Chemosphere 2004
55(1):109-118.
Larrea L Larrea A Ayesa E et al. Development and
verification of design and operation criteria for the step feed
process with nitrogen removal J . Water Science and
Technology 2001 43(1):261-268.
Zhu G B Peng Y Z Ma B et al. Optimization of anoxic/oxic
step feeding activated sludge process with fuzzy control model for
improving nitrogen removal J . Chemical Engineering Journal
2009 151:195-201.

UCT

. 2010 61(4):1009-1017.

10

11

12

13

14

20

21

APHA. Standard Methods for the Examination of Water and
(20th ed). Washington DC:1998.

Henze M Gujer W Mino T et al. Activated Sludge Models
ASM1 ASM2 ASM2d and ASM3 Scientific and Technical
Report R . London: 2001 No.9.

Zhu G B Peng Y Z Wang SY et al. Effect of influent flow

Wastewater M .

rate distribution on the performance of stepfeed biological
nitrogen removal process J Chemical Engineering Journal
2007 131(1-3):319-328.

Funamizu N Yamamoto S Kitagawa Y et al. Simulation of the
operational conditions of the full-scale municipal wastewater
treatment plant to improve the performance of nutrient removal
J . Water Science and Technology 1997 36(12) :9-18.
Vaiopoulou E  Aivasidis A. A modified UCT method for
biological nutrient removal: Configuration and performance J .
Chemosphere 2008 72(7) :1062-1068.

Joo HS Hirai M Shoda M. Piggery wastewater treatment using
Alcaligenes faecalis strain No. 4 with heterotrophic nitrification
and aerobic denitrification J . Water Research 2006 40(16) :
3029-3036.

Wachtmeister A Kuba T Van Loosdrecht M C M et al. A

sludge characterization assay for aerobic and denitrifying

phosphorus removing sludge J Water Research 1997 31
(3):471478.
Kapagiannidis A G Zafiriadis I  Aivasidis A. Comparison

between UCT type and DPAO biomass phosphorus removal
efficiency under aerobic and anoxic conditions J . Water
Science and Technology 2009 60(10) :2695-2703.
MaY PengY Z Wang X L. Improving nutrient removal of the
AAO process by an influent bypass flow by denitrifying
phosphorus removal ] . Desalination 2009 246 (1-3):534—
544.
Pstgaard K Christensson M Lie E et al. Anoxic biological
phosphorus removal in a fullscale UCT process J . Water
Rescarch 1997 31(11):2719-2726.
Chang H Y Ouyang € F. Tmprovement of nitrogen and
phosphorus removal in the anaerobic-oxic-anoxic-oxic ( AOAQ)
process by stepwise feeding J . Water Science and Technology
2000 42(3-4):89-94.

A/0

] 2009 30(1):96-101.



