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Abstract  Since the International Water Association established the activated sludge model research group, it has successively
introduced models such as ASM1, ASM2d, and ASM3, which have greatly promoted the development of wastewater biological treatment
dynamics. At the same time, the mathematical simulation of wastewater treatment has been gradually applied to the design, upgrading
and operation management in WWTPs. Building the multi-stage AO process model of a WWTPs in Beijing by GPS-X, and the
corrected model was used to diagnose the operation problems. And the operation optimization plan was proposed and simulated
prediction and boundary conditions were explored. The results showed that when the influent C/N was 4 ~8, the three-stage influent
distribution ratio was 5:4:1, and the pollutant concentration degradation efficiency was high, but it also need to rely on the addition of
chemical dosing to achieve standards; continue to change the chemical dosing point (adjust from the end of anoxic 2 to the end of
aerobic 3), the effluent TP will drop by an average of 0. 1 mg/L; compared to the original operation conditions, this condition could
save 489 kg/d for 25% FeCl,. The results of the maximum inflow capacity under different water temperature conditions were shown as
follows, when the influent load was 1. 75 times of the design flow to reach the maximum load that the system could withstand, the three-
stage dissolved oxygen must be increased to 3.0 mg/L, and the effluent ammonia could reach the standard. The low temperature (15

°C) simulation showed that DO=3. 0 mg/L was also required under normal load conditions. At this time, overload operation was not
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recommended, and it was recommended to reduce the load when possible.

Keywords wastewater treatment plant ( WWTP )

dissolved oxygen(DO)  operation optimization
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Tab.1 Deisgned Process Parameters (from May to July in 2020)
TZHIT(HRT) #FF/m*  DO/(mg-L”')  HRI/h TZHIT(HR]) FHB/m® DO/ (mg-L7") HRT/h
IREIX. 1532 - 0.9 UpsE B 6 637 1.5 4.0
e — B 2538 - 1.5 B = B 4232 - 2.5
b — B 6 941 2.0 4.2 IrA =B 6 851 1.0 4.1
Bl B 3 566 - 2.1
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2 fliR o 2 BRAHOCHE M DA S FR I AR 9 2 A 4D 22
17 6 COD, B9 5 AN IR 2 S, = 11. 8
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&2 2020 4 5 A—7 Ak HOK B R
Tab.2 Average Laboratory Data Value of Influent and Effluent Quality during May to July in 2020

i (i COD¢,/ SCOD,/ TN/ﬁ ﬁ’;:i/ NO;-N/ TP/ﬁ TSS{ BODs/
(mg-L7") (mg-L7") (mg-L™) (mg-L™) (mg-L™") (mg-L™) (mg-L™) (mg-L7")

5H Fii e 317 104 36. 1 25.5 0.1 7.1 243 124
ok 14 / 7.8 0.57 4.3 0.18 0.5 /

6 H K 280 94 34.3 23.5 0.1 7.3 205 115
K 15.4 / 7.2 0.53 5.2 0.13 0.5 /

7H K 234 86 36.7 31.8 0.1 7.2 183 105
K 15.0 / 8.5 0.48 6.1 0. 14 0.5 /

3 IERBETRIERIKHE

15K T BB R A in& K Hydromantis
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MR KIS HCR H IR R R (n, ) &
AT RN AR I by, ) R R
TAREL(K,,) X NO; SEMIEIRI SO NOS-N ()

SR ARSI T () s X POY SEMIBCRINZHON
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(Kpsa) ™8 | ZRaSAAG e | Sh AR RAIE S | it
KA E AR SRR 3 iR, B IE G R A
PAGERINFE 4 F 5 Fin, HKK B sh A4 4E5 R an
Kl 2 Fis

x3 HAIKHESE
Tab.3 Parameters of Model Calibration

miH frxi M kVHZ K02 T’V();
BRINME 0.2 0.9 0.7 0.25 0.32
BIER 0.17 0.6 1 0.3 0.2

x4 KOS R OK PR bRl 4l
Tab.4 Stable Simulation Results of Water Quality
Indices after Calibration

WH CODy, TN BA  NO;-N TP TSS

SEIE/ 14.8 7.8 0.53 5.2 0.2  0.51
(mg-L7™")
HEADE/ 13.1 6.8 0.57 4.9 0.2 0.47
(mg-L™")

MAHRZE -11.5% -12.8% 7.5% -5.8% 0% -7.8%
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Tab.5 Stable Simulation Results of MLSS and
MLVSS after Calibration

T H I —B PR CB RSB
MLSS 52t/ (mg-L™") 6 509 5 146 3 906
MLSS B/ (mg-L7") 6511 4922 4126
AHXT 22 -0.03% -4.4% 5.6%
MLVSS SZ{E/ (mg-L™") 3263 2593 1937
MLVSS ##8iE/ (mg-L™") 3563 2 340 1841
AHXS R 22 9.2% -9.8% -5.0%
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Fig.2 Dynamic Simulation of Effluent Quality during May to July in 2020
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Tab. 6 Influence of Water Distribution Ratio on Effluent Quality under Different C/N Conditions ( Unit; mg/L)

C/N it /K L Hi7k CODy, 7K TN HKEA ik POY MLSS (348 — Bt/ 4 A — B/ o4 — )
4:1 4:5:1 7.3 16.5 0. 60 1.20 3 446/2 610/2 481
4:4:2 7.6 16.2 0. 80 1.20 3 434/2 728/2 472
4:3:3 7.9 16.2 .10 1.20 3 428/2 873/2 468
5:4:1 7.1 16. 1 0. 50 1.20 3 246/2 616/2 489
5:3:2 7.5 16.3 0.70 1.20 3220/2 728/2 469
5:2:3 7.8 16.3 1.00 1.20 3226/2 880/2 474
6:1 4:5:1 9.6 9.7 0. 60 0.20 5058/3 826/3 635
4:4:2 9.8 9.5 0. 80 0.20 5056/4 011/3 633
4:3:3 10.2 9.6 1.10 0.20 5048/4 223/3 627
5:4:1 9.3 9.2 0. 60 0.20 5055/3 858/3 633
5:3:2 10.0 9.5 0. 90 0.20 5052/4 095/3 631
5:2:3 10. 4 9.7 1. 30 0.20 5 043/4 360/3 624
8:1 4:5:1 12.3 6.6 0.59 0.09 6 723/5 089/4 834
4:4:2 12.6 6.5 0.77 0.08 6 753/5 354/4 850
4:3:3 12.9 6.7 1.10 0.07 6 784/5 672/4 873
5:4:1 12.0 6.1 0. 50 0. 09 6 310/5 076/4 826
5:3:2 12.4 6.4 0.70 0. 08 6 315/5 338/4 831
5:2:3 12.8 6.7 1.00 0. 07 6 330/5 636/4 842

294 0.5 mg/L;3) C/N LT 4 BF, 5264k Fr 75 e
TEAS R, 7K TN B AR 5 A= 90 IR e 2080 2R ik 55, >4 if
BAT S A 2= 25 BN AN 2 DL 2 K TP
2R,
4.2 REGRBEMANK
4.2.1 BRBEICIR M

2020 4E 5 H—7 H FeCl,(25% ) ¥4y
WM 5 536.6 243 4 988 ke/d, PTH G AYSLPR Fe™ #%
JEEN 616 kg/d, 34 Fe™ A4 80N 245 i B R N 19
me/ L, B B — By, W 1 PN TS
.5 H—7 A #EKOK K & E MRS, POy
T AR R v FE A IR B AN & 3 B

K POY B M 3. 20 mg/L, Zead IR4R
ith PAOs BT POL WiV ETH N 3. 47 mg/L,
F U0 AME R [ NO; %R BT PAOs A 5
ﬂr](ﬁéﬁ VFA) , SEPRRA MM E 2 Ba” 385, MR
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FEE B, PAOs 78 A fb By Be itk — 20 Bl Fe™
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S
w
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Fig.3 PO} Concentration along Multi-Stage AO Processes
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ZWAT % VFA it PAOs 1F A= K AR, AT, 4
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WIETHE 2 0. 57 mg/L, HT 5 4 B PR b ] RS2 e 4
=B K A ALK RO IEREIRER IS,
B/ PB4 = BUE W R BB R
B, R — S it i FeCl, $ENEZ MK H %) pH, X
TR R R — ”*E’HI’],JEI*EFILEXTW
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WIS AL, SRT #5178 15 d 2o 47 Heas &3, st ik
Ytk 2 600 m*/d, 44— MLSS 4 3 842 mg/L,
7K TP Brari B 0. 32 mg/L,
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Fig. 4 Relationship of Excess Sludge Discharge
and SRT on Effluent TP
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FE B2 e s Ak soc . ARk AE

2yt (Fe® 1y 616 keg/d) , 38 i AR 245 71 45 i s B4
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TN, SR 15 d(EE 2020 4F5 1 H—I15
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Fig.5 Influence of Chemical Doing Points on Effluent TP

I 5 AT, 28 500 B0 A B e K TP
S A IRTE e PR DR IN IR & S AT RER Y N30
R BR > Bl B S BV S B R S IR
BOK ., MU BRIR h Wk B [ A s AN HER Y A
FEAEAEAR BRI 2557, BE 5 KA 2R 58 26 bR w41
MBERRER 5Bk . R 15 d BShBERL s, EA R 2
TTRF R B DL T, 8 24 55 P i S — R B el oy
U = BOR HI7K TP P E BTt e BE R I 0. 1 me/L,
DL ORI AL, PR K TP T
WePE (0.3 mg/L), 25% FeCl, IzhH 5 589 kg/d
F$2 5 100 kg/d, 52515 195 J0/d,

4.3 BHRFIETERM

FEARUEDL 352 7 b 77 HEBObR #E S5 44 (COD, <
30 mg/L TN<15 mg/L . TP<0.3 mg/L A& <1.5
mg/L) , PPN IR T 2 KA FK =68 T, DA
BT K SR 2 2R S R
4.3.1 EHAM T RAESMAR S MLSS

B 4. 1 /N5 AT, 5 R 258 T B AR R K 43
BCELA R 54215 9 4.2 /N1 AT AR AL RS0 BRI R
FHHEVR 24 2 600 m*/d(SRT 15 d) \FeCl, fizh it
SRR AR B, BCR LA e S5, R R
2020 4 5 H—7 H KKK R (R 2) , A4
AT 7K R BE A s Al 6 FTs
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7K TN, NO;-N/(mg-L-

e eV X
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6  AFEISMALL T A K R R
(IFE =B D0=2.1.5.1 mg/L)
Fig. 6 Effluent Nitrogen Concentration under Different

Sludge Recycling Ratio ( Front, Middle and End Position of
Aerobic Tank DO=2.0, 1.5, 1.0 mg/L)
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EIETHHALRE J) , HITC B T RS AL X =2 ] HUE S 8
THRIEAMFAL, IR S TN 2 B bl 2 3
0T BRI MILSS e RE T Ak S R Ak 40 T
IR BEE R AL T R 22 | 75 B 2RI T
fiF b B BRI 1 SR B RS AR T . R B
MLSS ¥ FE TR, TN RIS T

ZEA &, FE AN HE R 100% B, MLSS
3 600 mg/L 5 M5B H, 7T LA /2 TN A A9 H K 2
SR [ Asf i At s MLSS Sk ik,
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Fig. 7 Different MLSS ( Aerobic First Stage)

Corresponding Effluent Nitrogen Concentration

4.3.2 MfafriaiT MR RE

ZIG KA BT BT R 8 5 m’/d, HL P & 51
SEATIBAT, KT R GRS R K R 3h A
RS TN, A UBE T iz L 2R R
1, FENH R K AR E(TN<15 mg/L, A <1.5
mg/L) SO A mraf K AN T2 380, &
FERTTK L 1~ 2 A5 AT B, 7KK 243 510 8
J5 10 J5 12 J7 14 J7 16 J7 m*/d BN FEK IR T
[ H KK B

(1) BERLH B T s 1T hE )

B 20 CAE R H BRI, K A BC R 5411
ARENE H R 100% HETE &8 2 600 m*/d, 43 5 AL 42
PTH DO=2.0.1.5.1.0 mg/L }2 DO=3.0.3.0,
3.0 mg/L NRYHIZKKET, BIGRER (KT, W
HUREE T , 29 A0 T 2Pt b 1 faf B8 1 455 , Bl
B HEAKOK RN, RS AL RE T 1A s , A Ak RE
FEIAE, 78 3 B DO FE ik E R THE] 3.0
mg/L T, KK EF] 14 77 m’/d B (B IHK &1

R7 W ARTETT T BB KK B

Tab.7 Simulated Effluent Quality under Normal Temperature Overload Operation

COD,/(mg-L™") TN/(mg-L™") A/ (mg-L™") NO3-N/(mg-L™")
KR po RERE DO [ e DO [k B DO Bty DO Fidk
s B i U1 I3z DOJ?EE{ZEE i UAN=CN I3z DO)ﬁi{X&E i UAN-=<N I3 DOEE@E i JAN=CY I3 ) J\%
(m™=d™)  j2.0.1.5, | H2.0.1.5, | | HN2.0.1.5, |, | H2.0.1.5,  WEXN
Y14 3.0 mg/L Y18 3.0 mg/L. Y150 3.0 mg/L
1.0 mg/L 1.0 mg/L 1.0 mg/L 1.0 mg/L 3.0 mg/L
8 )i 12.4 12.2 7.5 8.5 1.0 0.8 4.8 6.4
1077 13.1 13.0 8.1 9.2 1.4 1.0 5.1 6.8
1277 13.8 13.6 8.7 9.8 1.8 1.1 5.2 7.1
1477 14.5 14.3 9.3 10. 4 2.2 1.4 5.2 7.3
16 J7 15.2 15.0 9.8 10.9 2.9 1.8 5.0 7.4
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1. 75 %) , /K & ECRE R

EAE  TEH KR T (20 °C), 2490 A0 By#T
il s R IR0 , SO AR LT AR AZ s (R fiE Ak g
TR B 5 4 v e LAORIE KGR AR

(2) & Z BN s TRE )

FHIG KT 2020 4F 11 H—12 A P Kkok
FAEN RS A, Hod coD,, = 190 mg/L TN = 38
mg/L 2% =30.2 mg/L TP =3.7 mg/L, WM EWR
07 R 23R A7 T B R A A B . RO, R A T
29 A0 T AMalT 2SR IF A RE R AR AR
BT IRAE RNk, BRI T LM (KR A
15 °C) , Wi AKK BT, AR DO e EEXT H K
RUEEMZ 0 (R 8) . BLHLE ), MK R 15
C , B R K B g 2508, K A AR KE IR PR
DO Bk T KT 3.0 mg/L A REM /& K AR TE,
U, TEA K IR A R S pd D i 7K 47 faf LA
FRAE H K bR vE

%8 (LIRS IEARR DO WEE T i ik 2k i

Tab. 8 Nitrogen Concentration in Effluent Water under
Different DO at Low Temperature

DO/ ™/ A NO;-N/
(mg-L™") (mg-L™) (mg-L™") (mg-1™")
2.0.1.5.1.0 9.2 3.6 3.7
3.0.2.03.0 9.6 2.5 5.4
4.0.3.0.3.0 9.8 2.1 6.1
5.0,5.04.0 9.9 2.0 7.0
5 %Kik

(1) #EK C/N RIELE 4~ 8, =%% AO /K3 BL
OIS <4 LIS 5 Y v B2 B A 803 8w , COD g, (TN
FBRFAT A 3% 5%,

(2) 4 C/N KT 4 B, KA BT s IR AS A2
HZK TN A, B3 B8 205 R 0 559 5 A o A M <o S5
T Y o Bk K L (R AR OR BratE oK L) wT
A YRR K 2 R B, e AR D BR i S8 R AN
ARAS 38 28 3 KAk 27 24 500 19 B mT i 2 K TP
BOK,

(3) #EXF RGBRWELAL , BT RS SRT K B
SRT H1 35 d B % 15 d(HEJE & 2 600 m’/d) , 7K
TP R B 0. 70 mg/L FEMKZE 0. 32 mg/L; U8
W 245 708 A5l R AR R B R R B A A K

i), 7K TP B 0. 1 mg/L; LA FIRBOIRAS T, 4k4k
PRFFIF K TP R IRE (0. 3 mg/L) ,25%FeCl, il
2t 5589 kg/d F& % 5 100 kg/d, 555425 15 195
Jt/d,

(4) i 0B 48 45 B 2 R Ah [T e A 100%
MLSS 4 3 600 mg/L 8 hid B, 7] LA & TN | 24 Al
(A K LK s 0/ T PRI AE R B v MILSS i o 1 5 30
[ BEREFN A

(5) KT A 20 C %04, =% A0 T2 vhili
FmTRE IR0, KK &N 14 7 m’/d B (3K
T 1. 75 £%) BN R Gede K 7 7R 32 B8 7, I 3
AR E =B DO & 3.0 mg/L, Al SELH K A GA R

(O)MKIRZE (15 C) T, /KA A MELLIEFR,
DO (M5 —Bt B, = B) KT 3.0 mg/L A REW
S KARE ; BB JEL 5 /K AR BT A A is AT

S 3k

[ 1] M, %, XIhda, & JETHBEEBA TS K iB8174)r
Mr——RE SR T]. P EZAKHK, 2020, 36(15): 23~
28.

[ 2] M, #%, XA, 5. BT HCEAREIINIE K BT
Br——h S0 )]. hESKHEK, 2020, 36(17): 23—
29.

[3] #ER, DEER, W%, % ET GPS-X B T5 K4t
B R T2 [I]. hEZKHK, 2018, 34(19) : 81-
84.

[4] B, RUC, SIUCHE, %5 BeABEOR T is kb
TZWstrigW Sl ], hEZKHDK, 2007, 23(14) .
94-99.

(5] Mm, DhscE, XA, BFBaB AR 15 K AL 31
FIFZET]. HokEAR, 2019, 38(5) : 97-102.

[ 6] RIEGER L, GILLOT S, LANGERGRABER G, et al. Guidelines
for using activated sludge models [ M ]. London: IWA
Publishing, 2012 167-172.

[ 77 BRDJANOVIC D, MEIJER S, LOPEZ-VAZQUEZ C M, et al.
Applications of activated sludge models [ M ]. London: IWA
Publishing, 2015.

[ 8] B, HH. V5KAYAL iR SR M), deat.
ST R A, 2014,

(9] . Wlivs/KmHEBObR i =2 AO- TR BEAL I T 2 0 52
[D]. FA/REE: B/RIELRY:, 2019.

[10]  FBBEs. V5oKALBERR rPALEATHR [ M. JbaT . Bl i,
2014.

[11]  EPLe, 25, e, & REBXBRIEDRERE DR
BB TR IR [T]. KA B, 2014, 40(7)
80-84.



