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Control Strategies of Nitrogen Removal Process in a Pilot Test of the Southern

WWTP Based on the Nitrogen Balance

JIANG Ying-he'”, LIU Pei-ju'”, WANG Lei*, TIAN Zhong-kai*, LIU Xiao-ying'"

(1. School of Civil Engineering & Architecture, Wuhan University of Technology, Wuhan 430070, China; 2. Wuhan City Drainage
Development Limited Company, Wuhan 430060, China; 3. Research Center of Urban Water Supply and Contaminated Water Control
Technology , Wuhan University of Technology, Wuhan 430070, China)

Abstract: By building the mass balance of nitrogen in A>/O process, the nitrogen model which raised some strategies on how to control
sludge return ratio and mixed liquid return ratio to make the effluent nitrogen achieve the national standard A under different influent
total nitrogen (TN) , was set up. And the presumed parameters were verified by the pilot test of the Wuhan’s Longwangzui WWTP. The
result showed that when the temperature and the TN were over 15°C and below 30 mg+L ™" respectively, the mixed liquid return ratio
was 0. When the temperature was between 10°C and 15°C and TN was over 30 mg-L ™", higher MLSS and DO elevated N removal.
When the temperature was far below 10°C , the mixed liquid return ratio was also at a higher level. Based on the Wuhan’s Longwangzui
WWTP influent water quality, measures of adjusting the return ratio were well adapted to obtain acceptable nitrogen effluent.

Key words : nitrogen removal ; sludge return ratio; mixed liquid return ratio; temperature; MLSS; DO
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Fig. 1 Schematics of the pilot test reactor
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PR, TR 5 Y A4t 265 4 4 R T A i [ 7 22 ke
SR AR B <7 =X KRR 15°C LA BN,
K DO FIIMEAE 4 mg- L' A, KIGAE 15C AT
B, S SR, R DO 7E 7 mg- L' DAL
1.2 E K

RE 7K TR Bk COD 150 ~ 350 mg-L™', SS
100 ~350 mg-L~' ,NH, -N 10 ~20 mg-L~", TN 20 ~
40 mg+L"",TP2 ~7 mg-L™" ,pH 6 ~9.
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Fig. 2 Schematic diagram of the A?/0 process nitrogen balance

(1) #E/K TN FE4F R X 28 78 0 AL S JLT 2
BEALNOS =N, K NH, -N— /N T 1 mg-L~", 1]
B 1 mg-L~".

(2) f4A b MLVSS/MLSS BUE 4 0. 5.

(3) Ut 7K SS — M 7E 10 ~20 mg- L' 2
], 38 3 7K SS & Bk 0y A HLA e /DME AT 210
mg-L™' x0.5x0.12=0.6 mg-L""{}.

(4) e EWET5 K b 38 ) KR B — 2% A bRife,
HK TN<15 mg-L™".

(5)3EK TN 5 3EsK COD [A] 43, TN < 20
mg-Llej‘,‘F?%ﬁ/‘?\ 0. e 25 d,ﬁﬂ( 20 mg-L7l < TN
<30 mg-L"BF, 0, B 15 ~20 d; 43K TN= 30
mg-L B (JEH2Y TN= 35 mg- LB, it BEK iR
FERAL, — M AE 15°C LAT, A6 1 i 2 A ) , 6,
B 20 ~25 d.

(6) I AL Be U5 5t A2, SR ATt X NOS -N Y 25 B o
3k 90% ({H243EK TN= 30 mg-L ™'}, — b+
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Fig. 3 Schematic diagram of each unit in the A%/0Q process nitrogen removal
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TER 3 Fzn 5 88 1 AAAAE LUT AR e -1
KHA,
R QXy; = (1 +R)QX (7)
FHOHHE D
X./X = (1 +R,)/R, (8)
FIARTF VR TN .
_0.440X _ 0.44QR,

i HE AT R IrHE AONH, -NFINO, -NA «
Ny, = Qy(1.0 +¢) (10)
Qw<Q MR (7) , T LMERI T FI AR .

Ny = Ny, (11)
M (2) ~(4) . (6) MI(10) 5
TN = (¢ +1.6) + (R, +R,) X
CXr+O.026><X (12)

0.
L R=R, +R, WEFIFRIL(R=0.5),Y R< 1
Af, 060 R, =R,R, =0; ¥ R >1 i}, LA} R, =
100% ,R, = (R - 1). MR i, 76 A A kK
TN, 0. KA 25873 (50% ~90% ) VEHIR I
TEA TR X (AR5 U8 MLSS — i 7£ 3 000 ~ 7 000

O =X, Ta Ry ) mgeL ) RERBY R OLE D).
®1 FRETSHMRE
Table I  The R value under different running parameters
TN/mg-L~! bc/d H/mg L~
3000 4000 5000 6 000 7 000
<20 25 0.19 0.11 0.02 — —
20 ~25 20 ~25 0.19 ~0.56 0.11~0.33 0.02 ~0.33 0~0.22 0~0.11
25 ~30 15 ~20 0.56 ~1.57 0.87 ~1.30 0.76 ~1.04 0.65~0.77 0.11 ~0.50
30 ~35 20 ~25 1. 89 ~2.66 1.73 ~2.50 1.57 ~2.34 1.41 ~2.18 1.25~2.02
35 ~40 25 2.66 ~3.43 2.50 ~3.27 2.34~3.11 2.18 ~2.95 2.02~2.79
40 ~45 25 3.43 ~4.20 3.27~4.04 3.11~3.88 2.95~3.72 2.79 ~3.56
45 ~50 25 4.20 ~4.97 4.04 ~4.81 3.88 ~4.65 3.72 ~4.49 3.56 ~4.33

HRPGEFE 1 IF85A Tl ik oK B (TN ¥R ) K
WRIZT 8, A8 0T IZ AR 4 A ToLE1T.

Th— . #EK TN £E 25 mg-L ™' DL R, KR —f&
e Wi AT B MLSS 7E3 000 mg-L~" 245, i5R 1]
TR 50% WAL IR LR 0.

T PEJK TN 7E 25 ~ 30 mg-L™", K i — i

B, A AT HC MLSS 784 000 mg-L~' Z2 45, 5 8 o]
it Lk 100% , fis AL nli LA 0.

T = 37K TN 7£ 30 ~ 35 mg-L~", /K iR —%
AR I AT MILSS 766 000 mg-L™' 245, V5 Y8 [nl
it 100% , fiE AL 1Rl LR 100%

TP . 37K TN 7 35 mg- L' DL b K IRAW A
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I AT B MLSS 767 000 mg-L™"' Z2 45, 75 Y8 [ e
100% , i AR 11 3 LE R 200% B8 1.

P R R A 4 D TOL R s TR
0, AN]SR I USSR AN A B, BT
T EZANET AT IO~ IR W V5 K A BT 7 AR TR gk K
ZAF T RS PR AR R B T 2, IR B E LA
2.2 AY/O TR VA AL o e
2.2.1 TH—REK

2012 45 H 13 H ~6 H 30 HA12012 4F8 H 4
H~8 H 27 HMAM, 7KK BT b5 F¥E T .
COD 221.2 mg-L™", SS 224.5 mg-L~"', TN 24.3
mg L™ (7625 mg-L™'LA'F) ,NH, -N 14. 1 mg-L~",
NO; -N 1.2 mg-L™", TP 5.1 mg-L™", /Kif} 23°C +
2C. ZTHALIZELT 72 d, BT S8R 35 R B H
50% , 4= Wy i S 2% MLSS h 3734 mg-L7',
MLVSS/MLSS EZH 0. 48,15 e#% 4 20. 8 d.

EIZ TOF, /K cOD Al SS #4518 43 5l Ky
21.1 mg-L_]%ﬂ 11.2 mg-L_] ,%ﬁ%%ﬁﬁ%u&iu
89.6% F1 93.5% ; i /K NH-NF ¥ {H H 0.4
mg- L' P LBRFIEE] 96. 9% , Hi7K NO, -N AHXF
B I 11,0 mg-L7" K TN SE1H 11.7
mg-L™", EERK H T NO; -N, 1 & Br Rk 3|
51.5% ,RFESIKFRFN 94. 9% . 1K TN FINH, -N
T ER—H A BpRiE, B AT UL 3% T30 T A Al
TN AT SR AL

TP 5.2 mg-L™", /K 27°C =2°C. iZ T & 17 31
d, HizF 72808 5 I Lt 100% , A= 9 B g 3t ~F-
) MLSS 54151 mg-L™", MLVSS/MLSS A8 2 K
0.48, 7571 N 15. 6 d.

TEZTIUT, Hi7K COD SFEXE N 21.0 mg- L™,
A F B R IKE] 90. 4% ; K NH, -NF31{H 0.3
mg- L™ SEEBRRIAFE] 98. 4% L THRE—Z A
R ;7K NO; -N AH X 3¢ i, F #4118 R 10.2
mg-L™"; K TN FEPME 10.9 me- L™, FEKH T
NO; -N, -3 X B 35 5] 57.9% , TN ik br % N
100% , T HEZK —9% A MpRE. e nl U, % .00
BRSO A T SR R
2.2.3 TH =K

2012 410 H 19 H ~2013 41 H 16 H ],
HEKIK B8 AR E X E 40 R . COD 275.4 mg-L~", SS
265.5 mg-L™', TN 34.1 mg-L™', NH;/-N 16.2
mg-L™" ,NO;-N1.Omg-L™",TP5. 1 mg-L~", /K& 5
~15CZ AL Z THIEETT 90 d, HiZz47 S 50h 15
VIR L 100% 18 5 W 813 e 100% , 254 I 1 3t
44 MLSS 47 000 mg-L ™", MLVSS/MLSS H{HZ) N
0.48, 751l } 23.5 d.

B AT L AR A PRIE R G AR FEAS R IR B
T KRR MLSS 396 31 Ol ST S48k KoK B i
U3 2 FnEk 3.

#2 BRFS5TRETSH

Table 2 Sample number and running parameters at working condition

vl — s BUREREL st ] MLSS/mg-L-1  JKif/C
2.2.2 T —ikis g i
o " 1~25 I0H23H~12H6H 4558 14
20124E7 A1 H ~7 J 31 HIE], 3Kk B4 26~35 12A7H-~12A25H 6110 10
B oF 39 {H 41 F. COD 224.6 mg-L™', TN 26.0 36~44 12026 H~1410H 7016
mg-L."' ,NH; -N 16.0 mg-1.”' ,NO; -N 1.2 mg-1"', #3249 VJUH-1A1H 739
£3 kBB HKIERE
Table 3 Effluent of the pilot test
Bt BiH COD NH, -N NO; -N TN ™ ss TN ISP/ %
iV 230 14.7 1.5 32.0 5.0 244
1~25 K 26 1.8 11.5 15.5 0.9 13 52
EBRR/ % 88.5 87.8 — 51.6 81.9 9.5
K 280 18.6 0.8 34.1 4.4 224
26 ~35 HK 24 0.7 13.4 14.4 1.3 13 100
FBHR/ % 91.3 9.5 — 57.9 69.7 94.2
K 340 17.0 0.6 37.3 5.3 291
36 ~44 ik 24 0.6 12.5 16.5 0.9 12 67
TR/ % 92.9 96.3 — 55.8 83.4 96.0
FiiIN 366 17.4 0.3 38.7 6.1 400
45 ~49 ik 30 0.3 9.0 10.2 0.6 20 100
LR/ % 91.7 98.3 — 73.6 90.9 95.0
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Z s TR, H 7K COD i SS FXI{E 47
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