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Application of Combined Process of Three Stage AO + Advanced Treatment in Small and

Medium Sized Urban WWTPs

ZENG Siyu"?, LI Tian"* , WAN Jianmei’, ZENG Ronghui’

(1. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China;
2. Southwest Municipal Engineering Design & Research Institute of China, Chengdu 610081, China)

Abstract Due to the improvement of discharge standards and changes in inflow water quality, a wastewater treatment plant ( WWTP)
in Chengdu City needs to be upgraded and renovated. After renovation, the processing scale is 2 500 m’/d remains unchanged, and
the effluent quality needs to meet the Water Pollutant Discharge Standards for the Minjiang and Tuojiang River Basins in Sichuan
Province (DB 51/2311—2016). In response to unfavorable factors such as unstable inflow and water quality, severe limitations on
investment and land use, and a concentration of inflow water that far exceeds that of ordinary urban domestic sewage, this project
adopts a non-stop water transformation method that fully utilizes the original biochemical tank, transforms it into a tertiary AO tank, and
builds a new advanced treatment facility. This transformation method which can investment, not require new land acquisition, has
strong impact resistance, and only needs a short period of pipe collision to stop water. After the transformation, the process operation is
stable and reliable, meeting the requirements of DB 51/2311—2016 ( COD., < 30 mg/L, ammonia nitrogen < 1.5 mg/L, total
nitrogen <10 mg/L, total phosphorus<0.3 mg/L). This can provide reference experience for the upgrading and renovation of small
and medium-sized urban sewage plants.

Keywords multi-stage AO  high density sedimentation tank  denitrification deep bed filter( DDBF) upgrading and reconstruction

continuous water supply reconstruction
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TR Z ki 22 A T ™ T E bR — % A bR
W5 KIS G HE RO v 4 RO A IR TR TR
oK TG G W) HEPR M) (DB 51/2311—2016) #5K
H 2020 4F 1 H 1 HilZ, SUA AHEFA =1 000 m’/d
(R RS K AL B AR 32 B K TS e T H % bR e
FUEIAT . D)1 BT B 2 R BT X e 7 DX A s i
AR R AL i A 75 K K 38 45 (COD,
TN 2 A TP 45) Fk E# 2 B B 1 LTk IR
AR /NS K T B TGk R A B K R A K
ISR A PRI T 32 40 7K AR 1) 7K PR 5 Joi i
WX IR R, AR T 5 /K AR BT H K wh 251 fR
REFasE 53] DB 51/2311—2016 A5ifi.

TG KT AR AAO T2 i T A HAE AR
(14) I RN A T R M T Sk R 5 K T 1
FRTEN SRR N ZH AO+TFEEAFA A T
2. 2% A0 T2 A R A bR B s
Hhr Brohdi Ui 8 BRI L S LA TR
BAEHET R (B 2% AO+IRFE AL IR A T2
H HirE B R AR 2 H K Z R i R TS 7K
T g SR B X BER 5 K AL R T (G 5
T m’/d W 10 J5 m’/d) BB GATT5 K AL 3]
J R TR (4 0 m'/d) R 5 KA H R
W TRE(10 7 m’/d) 2= B M V5 K AL 3 ) — ek

TR JT m*/d) 55 AU LIS T5 K s
TR 7 FH RN 5 A2 R T vA A e ) 457 1 2%
R REK) B AAO At it S = 2% AO A1k
b, TR B AR, ¢ R AR G H AR, i A
AL ) B NS5 K T RO AR S %
1 IES=

FEK T BEAR A 2 500 m®/d 2016 % Az
17 5K BAR K AEAE 52 TR 2R /K o 22 S R
S YRR AR R TR K 8 A 3 B N B T K
AT DBSE IR B2 B i ; G/ KoK B8 et ik
JKFERRIN (TN =B E RS ), KA E . |
T K ok #] DB 51/2311—2016 EoR, HA
RS LREYI G S o NI S T R N ) € L A
2 BRI IAR S A
2.1 HRIZRE

F5 KT BUR T T K A S R S KA i+ T
KBTI+ M+ AAO At + P +IH B 4%
fith 35 Ye Ab PR R FH B AR K, A S 5 e K
F<80% , /st
2.2 igititHkkER

ZE K R K AE | KB B S B i
ARAA (F% 2017 F—2019 4F S0 504 1) e 1 fF
7o BUARIEK SS TN A TP & 53B B W 4 A e .

F 1 BT SEEBRIE T KK B
Tab. 1 Original Design and Existing Influent and Effluent Quality of WWTP

i COD¢,/(mg-L7")  BODs/(mg-L™")  SS/(mg-L™') TIN/(mg-L™') Z&/(mg-L™")  TP/(mg-L™")
Witk E 400 200 180 35 25 4
it KA <60 <20 <20 <20 <8(15) <1.0
PR KA 90% HRIUEHR 328 157 226 61 52 6.8
SEBRF R K E 211 87 145 43 34 3.8

T A ASE T AN K > 12 CIRHE IR , 36 5 K <12 C iR, TR,

2.3 DREHRSH

T R T X 45 3 8005 K P AN 58 3%
WG 2 AN A5 K B 0 (AN R A 301 ik s
L) Ry b DXAS S B HE S Tl 7 7K A5 30 5 0
TETE 1 K 2 05 KA B 1K OK B B (32
FEZ A SS TN TP ) G i — e 30k i1 2 3% 15 7K 7K it
WD HK K B i sh AR, — B 2 A
KR v B R R AT Y R A FE R ZE KD
VR BE A R R A I A T DX T I L A R
TAERIHEDE 2019 4F 5 2E KK SR BT 5%, {H S2
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HEK KB ) TN B A TP AR D 5, J A Akt 1%
THERBHEALA 7.5 b, HK K AU — 2% B
HE, ANAEWE I DB 51/2311—2016 3SR . TE42 45
ik TAR T TN A TP 2 3 5 6 1 A K 46 b
WH , 75 B A g4 B 5 R A I R A IR
JERNBRT

Fi& 90% ik #1155 3# 7K K 5T, BOD;/COD,, =
0.48>0. 45, ] A=Ak K &; BOD,/TN =2. 57<3. 00,
BRURAS I , T B2 AN U5 A RE 16 2 A 90 I 20K
BOD,/TP =23.09>20. 00, Al R FHAEYBRBE T2,
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3 RREUEFRRI

3.1 IRFREUE T2 it kKR
I8R5 K IR S5 T S B ik 2 A A

FEHK TN 2R TP 5 m G B0, o5 7K ) i itk

IRAET L PURAEIE R A 900% MY R, 45 658 X 4
D g 15 ARG 45 BT AR A BRI B0 Fn 4 it R 3, 7
IO YR AR, A E K BTN ER 2 PR, KoK
iifi /£ DB 51/2311—2016,

®2 b Bt KoK R

Tab.2 Designed Water Quality of Influent and Effluent after Upgrading and Reconstruction

WiH COD.,/(mg-L™")  BODs/(mg-L") SS/(mg-L7") TN/(mg-L™") BAA/(mg-L™")  TP/(mg-L")
Bkl 330 160 65 55 7
W KAE 30 6 10 1.5(3) 0.3

A 1 48 B 2R R 5 DX A (A B 4] (2010—
2030 4F) (2015 4ERR) )  RIFHT X BLAE X 43 X TE 4
BRI (2017—2035 4F ) ) K7 X ELAS X HEZK
TREL IR (2017—2035 4F) Y 2R (43748 A
PO 1% 150 L/( N - d) 25 F01 0. 85 {5 /K HEC R
B FRNT5 KR 2 550 mP/d, ARSI
2018 AFHEy5 K AbBROK B AN 3 iR,

R 3 2018 AFLINHEAK b
Tab.3 Measured Influent Quantity in 2018

it i) K/ (m* ")
1A 847
2 A 988
3 A 987
4 H 454
5H 1 665
6 H 1927
7H 1824
8 A 2173
9 H 1956
104 2 060
1A 1348

H13% 3 AT, 157K BB RUBE I X 2018 45

KERA —EBR, HREBNZ T IR A
FEPE DA SO RRR R B AN S8 P AR IR TS K ) B bRk
TEARHE KT R AT R A, AR A V5 K
IKBRIE AT BRI .
3.2 RIERBUEIZRE

AT R 5 K ) RO M e R R 10.21 H
(1 EH=~666.67 m*) , AT FH Hu1H AR 10. 19 H,
2 VY TR AR A B o) DA A b, $5EA
B, BURA: ALt fs BRIt E] (7.5 h) 288 EREE
RR 251 T 64T T A5 A AL A B )7 S AR A By
ESINEDIE =59 NZ:30 3 i
3.2.1 AR

XA TR KK AR E , TN VAL TP &
e, KK BLRR e 158 DB 51/2311—2016 Ay
ALFRTE R HO G A AR AL FRTE e R, TR R R R
A AR A B+ R B Ah B BRI A ) B 4 (MBR) T2,
A FAL GG TS IRIE DL AAO T2, 24 A0 T.
AR AR = BRIR R R B
3275 HP T g R [ L RS 43 A T B, X bk
IR BT BN A B RS e, ARSI E I R S
AO+HIEFEAL L 575 % — MBR T kit — XTI
(%4),

x4 AT EILK

Tab. 4  Comparison of Biochemical Treatment Schemes

Lk I % E S HE
WEZ20 =Y AOHREL A G T L MBR T.Z
A ML S TS ek A Y AL B, TTE TS ek A Y AL B DR
W S B A WIBREE N Sl LA bR A=W BRTE RO R S 3 Bl LA AL SRR
FRE A & TN 5 HEYIBLA YA, Bk
Wi BN —EBRARS) SRS (MEBRSRL)
T2AR RIUEF ARG TS L T2, Ab AT S MBR T2 R & JE i — Rl 5 T 2 W 1B T 2R W = B

BRUBER , &) Bk R BR BUN , B R EGE, T
BB AT HB R BT E , K T AR

e P S R B R IR R L
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AR TR FE
BTG ARSI S AR B BT AT AR BT N I A
S R
i 4t TN N
B % b
feHE I gt
A I A I g
SEATFAKIRIGERLYE SRR ], 24 AO X HEACK BURIK R %K K B AL 3 B M
A AL 9305 7 AT
S A BT B TR LB B TR
TR LA A B, SR BT AR, A B SR B S

M 2% 4 AT, =90 AO FERE A HE 0% A B AR |
B EEE YA B EE, ool o R R4 B
it —25 14 R Bk FH 2 9 AO+IRJE Ab
PR A T2 NAR T AR RS Iyl
3.2.2 WEAHETE ik

32 ) DK M B 1 TR B Ak BLR v R U

TR BE AL ER Ty 58 2 B A U O AT He ks, W
(3 DB T =X 16 PR D 2o DB A% | SR Ak TR PR DB it N
roEyEh, Hob TE ML uE AR R A AL FRAE A IR,
A AGE T /NG K e DL R AR TR AL B
KB R RO TR TR IR 8 Tt 5 2T 4 8 Tt X He 4
S5 HR,

R5 HWEITREILE

Tab.5 Comparison of Filtration Schemes

IEIE X SR AL TR PR g Tt

214k

P 1) [ BR SS TN | TP
2) TRESEERP R T Z B4R R &

3) R I KRR AR5+ KR SO B 5 + K AR A
RS+ K SRR 5 BOBRIR BN s I AL , ATAS s il i

S eIk

Bl 1) S LA EE AT R B DR AR, S PR S AL T
AW, T SN INBRIR , 3G 3 2550 BRSO ) R 52

HVRA

2)) A A TR R U 80 J5e/ ML R F1 K, 290 5,000 m*/d

icbe SUNERI

1) BN T R
2) SEUERIE G, BT R

1) A TAEHEK TN D, SR EE =9 AO+2F 4k 15 AL B L BE )
I, T R AZERAFTE AL AO H/K 7 AT ks

2) AT AL R GRS B L e B BE i, TEL WA
FSEIN, B AT B FR I, 30 0. 03~0. 05 J0/m* 3878 BiA

3) LR YRR AR B i e v S i AR

4) 138 SIS IBAT , A 4 5 W 2R

AT H BT T 5 — (290 AO+ i % BE DUTE It +
FAEACTR R UE W T-25) 5 07 58 = (I ZF AT 1 9 1k
290 AO+ %5 BE UUVE ML+ 2F 4E D8 ) i 1 $ 98 k 4
Fok, TR 5090 5 5615 398 Jit, {5 /Kiz &
ARG R 3.66.3. 71 J6/m’ . 1T 24 3 oK A7 Jf
e HB T AT 2 BN AN B, BN O 5 TR R
Hiz B AR e, TERER TR e TR,
BERAT RN THEZ HEFAK,

H T S A TR PR U b A 328 7 e ] i A
(A (SR T AT AR 3, AR T H 16 B S il AL TR TR
UEMAE IR EE LB 56
3.2.3 s T AN
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B iR TR

Fig. 1 Process Flow after Reconstruction

Oy . AT ANAR B BT R DT I, BT IR AO
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HE ARG , BRAR S XL B R TH IF 58 4 5 KL
W, M T5 IR iR B B LE & m e [a)
4 FEMHFURIES
4.1 FREMAREH & TR E

B ANAR AR — 5P DI A, A
MEL Q=2 500 m*/d, K, =1.89, AHHEEE N2> 2
MR HPE IR X AR I BRIS AL 2 &, 2t 2k
0.6~1.0 m/s, M55 A1 BN 3 mm, fie K HE K Sk $6
& Ah=0.20 m, A Y)HEH 0.75 kW, LR N
75°; TCHHIETERIEHL 1 5, IBE B AR R 300 mm, L=
4 m,N=1.5 kW, ~FUyTabi A1 8 utE 4 4. 75
min, GROKIE N 0.7~1.1 m,1 m® I5KIBESE R
0.3 m® 53, RABIERP K73 B4 1 £,0=0.7~
2.0 L/s,N=0.37 kW,
4.2 FRBWR AO £{Lith

WM AO At — i, N4 2 48 TS Bk A
it (o AO §tb) ., RF LxBxH=21.4 mx
12.0 mx8.7 m, &I Q=2 500 m*/d, T2t
RIS BIEERE, ASUKGEIET m ZE, W
% AO W INE] Hy 15. 46 h, Hr, —FBLE X K
3.46 h, —ZIFE X K 3.26 hy —REE X 4.51 h,
TR AIX N 4.22 h, TSIRWE N —H X, =
5.714 o/L, 5 %% X, =4.444 ¢/L, WHIH LA
50% ,FMElE A 100% , KoK R 6.2 01,0, 15 U i

$22.09 d, A RGFI AT ICHEE N 0.45 t,75
Pr %59 0. 18 kg/m* 57K,

ISR IR A LR R BN RS BB 1ol 2.5
m’/h, L 25 B, 3305 B, AKX ERAKX
W R 4 6 2 H24,0=26 m*/h,N=1.1
kW, H=4 m,

4.3 BUREMLMBEIER AO jth

PR A A b A 7 ol | SR A ATt oy S R ARUIX B
X AR 3 AN, B P X I fel 4R IX B
BERIX, A0 A X NS R BT E] Dy 2. 26 h, B4
DX = RS TED A 2. 34 b, Jth P R R AUAE A 4 mT
IH; AL BR R GE rY 75 U8 11 8T e 9 AO A1k
TS , A5 9t P IS R D A R TR s A AR b FE AR
SRS ) & AR AR B g AO A Ak, ARt
PN AR ARV D3 A A A R R i A A TR . TR AR
At NSk K A 3 2 el i AR T R . AO
Wi 0=2 500 m*/d, T 23BN A% jEIE(E
28, SRR EWKIE N 4.0 g/L, WiIHRKE N
2.1:1.0,

IR X A T AL A SR IS5 BB 1ol 2.5
m3/h,40 =,

4.4 FHEFERARAREZEILEM

B R R DCTE L 1R, 43 2 A%, 5 P AR T R
g, BIFHRL Q=2 500 m'/d, K R H
1.89, EMIRA XAEEHTE] N 2.5 min,%%gf'f?
BE B T8 24 10 min, YT 3E W B K 2% 7w o 5,01
m/h , BHE LA BE R 60°,

WEFREIETIE 3G, 21 &, %84 0=120
m’/h,H=8 m,N=5.5 kW, 285, B4 XKLL
1H,N=1.1 kW, ZEXHIH 2 5,06 N=
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1.5kW, B KE L=1 m, FHAAH 50 mm, BT X
HRCh 44 m*, VIJER WA FRPHL 2 &, HEN
5 m, KR 5.90 m, H.0 3K 8, i N=2.25 kW,
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431 m*/min,P=75 kPa,N=75 kW, &5JEHIH 1 &,
I (Q=1.0 m’/min,P=0.8 MPa,N=7.5 kW,

5 Bk ERMEKEIE R

157K RS B B X G A S
IH) W 4kSLIE AT, To 1 I B AL B, 1 1Y)
A A A I O BUIR AR AR AT GE .
B U A R ) Al 4452 0K AN X5 K IR 1B
frig e, BAARSG BT,

D) PREE & IEH 47 ry A A28 i de i
AEANAS I ST IR U L SR B AR L L AR A
AR TR H M E R i TE it S AL R R T

)BUR A 2 FE Ui, B U
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6) XF LR A: AL LA T I B

7) SRR K 15 K TR Bt 7 e, o T
T, SN X 2 30 min BIAHEEK,
6 EATIEM

WO SR , 30K R R T 4, 2003 4F
VT S th KK B P 2~ P S R 6
FiR.

B2 COD KK EL
Fig.2 Measured Influent Quality of COD,

B3 A TN TP Sk K b
Fig.3 Measured Influent Quality of Ammonia
Nitrogen, TN, TP

4 CODg, TN S i 7K 7K 5T
Fig.4 Measured Effluent Quality of COD,, , TN
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5 A TP S H KK R
Fig.5 Measured Effluent Quality of Ammonia
Nitrogen, TP
RO LI A BT 25 B B b

Tab. 6 Measured Average Values and Treatment Rate
of Influent and Effluent Quality

Kb iJ_F/J(W—i’iJIﬁ/ .'JJ/K%%JJH/ s
(mg-L7") (mg-L7")

CODy, 222.04 9. 40 95.77%

A 17.34 0.16 99. 08%

TN 33.27 5.20 84.37%

TP 2.90 0.12 95.86%

Zi b s KT ARG 2 5, K] DURRUE b
ikE| DB 51/2311—2016 5, =2 AO+ = % BT
T Tth + i A TR R U b T 25 e i Ak B R B LA AR
ERIFIBITRUR, R THERMZ% A0 T.2, #
BT HA AO WP IR LA AAO, ZE AR LA
BREHBEFH T IR A e, 378 7 45,
BRI AO A AL N 13 E R 50% , 48 1E1 3
FER 100% &3S, SEBrig 17 ] ARG 15 7K ) S b ik
IKIKJTAE 50% ~ 150% WIZEAM L3 b , O B e 8 X itk
IR K AR AE I HTHE T A5 A 5 1) A B AL
7 &g

FRAE AR 5 /K A ) A et TR AT
BT O, ET X /N R 5 K AR B ) S 7K K B
—2% B #2F7+% DB 51/2311—2016 1 T #d5:k , sgh
HLUN RIS R TS,

1) 29 AO-+ =% FE TTTE T+ SRS A0 R PR 118 it 1Y
FHRTEZEATRGE RIFM B ARRBESCR , B4 A
BREERCR R | D BTRARE

2) ¥R AAO Akt el o AO i, BT AO
AR 2 AO AR R b e O =X, BEALH T

BA AL 5 T R, SRR TR AR,
3T R SR e HL AR A A AAO Akt
B AO AR A5 KA BT SR AR U

3) {5K T AR T B AR BC S Bt , HLaE K oK i
AL B S5 3 XY R R B e BE AR O, A TR
TERT BB R E ST, i T A H T E m
B RIGHEE AE 22 DR AR 3 R K S K B KSR
TsE , 24 AO 2 g K A 73 BE 14 SR A5 PR X6 I Aol
T By B IE B AT M AAO T2 R
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4) AR TRESEHTE AO M HFB0E S5 AAO L, A
SEBL T AN ASFEARHE R v A B X
NS KBS RIE T A, Rk Al RIS T A
HH
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Tab. 16 New Operation Costs of 9 WWTPs after

Upgrading and Reconstruction

kAR PR BB A/ (TG -m ™)
1# 0.32
2# 0.32
3# 0.33
44 0.23
S5# 0.34
o# 0.32
TH# 0.28
8# 1.03
o# 0.22
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i, FOBE WKz 8 WA R X B s 340 595K Ak
AU R R THAE B, b B A 75 K A B
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