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Abstract Due to the rapid growth of wastewater treatment demand in the area, a wastewater treatment plant (WWTP) in Shenzhen,
which design scale is 240 000 m’/d, operates under long-term overload. For the solution of wastewater treatment capacity shortage, a
scale of 60 000 m*/d wastewater treatment facilities need to build in the green land of current WWTP. The project adopts AAO-RPIR
as the core wastewater treatment process, with the return sludge ratio of 266% to 400% in the anoxic zone and 266% in the anaerobic
zone. The average surface load of the tube settler zone is 1.25 m*>/(m’+h) and the land use index is 0.225 m*/(m’ +d™"). The
construction takes 4 months to realize the water commissioning of a single treatment line. Since the official operation, the main indices
of effluent reach the IV criteria of Environmental Quality Standards for Surface Water ( GB 3838—2002) (except TN, TN < 15
mg/L). Without additional carbon source, the average TN of the biological pond influent and effulent is 36. 87 mg/L and 7. 63 mg/L
respectively, indicating an excellent removal performance of TN. Combined with the operation practice of nearly 4 years, the
characteristics and defects of AAO-RPIR process are analyzed in detail. It is pointed out that AAO-RPIR process has good treatment
effect and is suitable for WWTPs with stringent discharge standards. The core competitive advantages of AAO-RPIR process are land
intensive, short construction period and flexible layout. The problems of algae breeding and low efficiency of chemical phosphorus

removal should be paid enough attention in the design stage. It is suggested to optimize the process design by capping tube settler zone,
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setting up automatic backwash system and enhancing chemical phosphorus removal after biochemical treatment.

Keywords capacity expansion of WWTP AAO-RPIR process integrated wastewater treatment process stricter discharge standard

nitrogen and phosphorus removal —automatic backwash system
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Tab. 1 Comparison and Selection of Wastewater

Treatment Processes
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Jiti T A s IS E8IS
BT — i R =
WA ey u L EZ Bz
BT A ik BAL &

ik 3 BTG o M S KK B T AT R AR I

— 169 —



PRI | S

7.

AAO-RPIR L7 S HEBOR HETS K BN F R T2 55381 Vol. 42, No. 7,2023

B K, oLl BAF IO T2 £ b,
E 3 - A 2R B 2 it T A I M LA R AR T H
X TR EER | [ EthiA A7 AR U8 Sk 35 2 D8RR 45
SRS B AT R R e R BRI, AN HE
iR, MBR T2 R R a8 £ AR, % 7K SS 48
B B i AR B A AR R SR DR R = TR e
W25 Uk R 4 2 P R A IR 2R B8 A T A
TR B e, WA AHESE R . AAO-
RPIR T. 2T RHLREA a5 &, 0 L g
Jite T B SR I, it T R A R, 495 ATt E % FH b

TR R, B s 17T A 55 M AAO T2 AL,
AT HME FE AR X AR, B A gE A it D, PR, HERE
K AAO-RPIR T. 20 A AT H 2 DAL T 20,
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Tab.2 Designed Influent and Effluent Quality

WH BOD,/(mg-L™")  COD/(mg-L7") SS/(mg-L7") TN/ (mg-L™") BA/(mg- L") TP/(mg-L™")
AR AK B 180 420 280 48 35 6
H KK B 10 40 10 15 2.0 0.4
(CHTEE Y 2B B
H KK B 6 30 10 15 1.5 0.3
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Fig. 1 Process Flow of Wastewater Treatment
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B 2 AAO-RPIR TZife
Fig.2  Process Flow of AAO-RPIR

AAO-RPIR AL IR 6 1 m’/d, B4R
CRB Kz A 1,33, B E 1, 43 ARl as T 2
A, HPRARABUKERN 7 m, AN 3 528
m® {5 KA SUE A R 1.4 hy BRI SOKE N
7 m, AN 13 590 m?, V5 7K A R 45 52 i A
5.4 h IR XA BUKERN 6.5 m, AREEFH 27 300
m’ 15K RS A A 10,4 h, RS TR
JEEHE N 4 000 mg/L, BOD, {5 sl 0.1 kg
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Fig.3 Section View of AAO-RPIR Aeration Tank
BOD,/ (kg MLSS - d ), fift % X IR & W Wl i el
266% ~ 400% , R4 DX I A W 113 bR 266% ., R i
SRIFAEIX S RPIR BEH N I PR ACR , 4 4 X B S
RER KSR RS L 5 M1 T
RPIR i [8] , B AR YE A 200 mm, L 2 200 m, i%
THRRSKIE N 7.5 1.0, FEI% E RPIR B
e 224 A4 FAE L 4 31) 28 HEARE, ARAIRE B
— MK S TS R IR R £ TR A Y
K F2 48 A i s L A HERR S A K e 1 as
R B R IABIE B A, B R}
BEUURE P BB RE TN 1,25 m*/(m*+h) Bk
IR G4 1,67 m®/(m®-h) .

3.4 HMFEMHYWIZEIT
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T2H KBk MR A B3 2, S B 1k by 3 % 4
/NI 2 ST FE 2R LA BT T I PG SR FH A /NI BR 1)
YA, A T RE SR IR R 4 mm 119 [0 5% X 4 A Al
Z FHHBRR I, A TR R A i = TR, et 45 7
AFE]A 30 s, DUAP /LXK HAR A 4 m,
3.4.2  Kidnksit

AR TREREE AL T 253 B A RAH AR IR IE b,
B 1k RPIR A=Ak i 7K 2% it D J B &S ) 41 4k )
J A 2o i LB PRI S | IO Ak 0 Tt T 15 RS AN A
MW, AT AR EAG ARSI 1, L) 3 4% Bl B i 5t
KGR 3 & BREEE R 1 mm,
3.4.3  JAEALDE

Stk — 2L AR K SS TP LA K TN $8 45545,

A T AR R L ) SR A TR PR it %o 75 7K AR T
AbEE SR AL R AR E B TR R 6 T m’/d Kz
1.33, itk TN Bk EE o 20 mg/L, TP Jit &
WeRER 0.5 mg/L,SS B W BE ol 20 me/L, & it ih
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B Ak gt R A L i e =X, et R FH B HEA sy
R 5K kgL IR AL 93,8 m*, W UEE K 5. 3
m/h, SREIUEH N 6.6 m/h, TERHEE K 1. 8 m,
3.4.4 EHMHEEM

RRAIE R K ZE KT R 8 05 545 , >R FH A0
BT /KA T iR A 3 SRS B R IR X 2t
I3 R 2 K ERANE RGN R 28 m)/em?, [R5 B R
ARRENHHBIIEEE
3.4.5 fmzyla]

TFH R XK i 8 B L TR BN N a5, 7 UK
TEAS JE B 4D 78 TR A A o S IX R i AR AR 15
FHE RPN 90 mg/L(25% ZTR4HN) ; T B4
HR 7K i It HE R R A AR R (PARC) 80 A5, 1
T KRN 100 mg/L(10%PAFC) ; TR 404
MG IR A SN it 3% B PARC K L BREMHEIN 15, 5 &8
TE U8 b 53 52 A Ak A T 30 e 0 42 fioh 2R A —
BRI K T TP, PAFC 1 2 FRANR H i R #E
H3 914 50 mg/L(10%PAFC) F1 100 mg/L(25% .
FRAN ) 5 T B Tl Ak T8 3t 7 7K St 152 A FH R SR TR A 4%
T, B R RN K 60 mg/L(10% K EB4H) .
4 IBITHRREEFSH
4.1 IRFERIBITHR

% TFET 2018 4% 8 J FF A7t 1.,2018 4F 11 A
RS — AR AR T Rz 47K, 2019 4 3 A IEA#
ANIB LT, 2019 4E—2021 4F4F ¥4 kb # /K &4 51 ok
6.5577.5.97 J1.5.78 J1 m*/d,2021 4 11 HHf
S AR BT E 4 T m’/d, BH
AT B AT KA IR AT, oK A8 bR v AR e 1A
F oK IV 2K bR HE , SRR HH 7K K BT B Ak K
AN 3 iR, AAO-RPIR A=Akt 7 R B J6 1Y
TEOUT, A5 F Bk H 7K TN 5 5 6 3 40 31 o4 36. 87
mg/L 1 7. 63 mg/L, TN ZBRACRAL T3 F 1, )
AL BE AT TR E AL i, = F TP 1 SS 4545
PR
4.2 ZFHW

AT H TSR EL N 1.8 447G, (5 i FLZYy

— 171 —



PRI | S

7.

AAO-RPIR T. 2 1E m HEBOAR e V5 /K ) B9 F M T2 540 Vol 42, No. 7,2023

R 3 ALH AR R KK
Tab.3 Monthly Average Daily Treated Water Capacity and Influent and Effluent Quality

A¥HRA cop,/(mg-L7™")  BODs/(mg-L7")

SS/(mg-L_l )

RA/ (mg-L") TP/(mg-L™") TN/ (mg-L™")

Ay K i/

(m*-d7") #bK oK K oK K

HK K K K K K Kk

2021-01 51 847 623 13.1 202 4.17 303
2021-02 54 080 605 14.9 199 4.53 261
2021-03 58 128 638 12.5 202 4.01 290
2021-04 53 925 558 13.8 183 4.42 251
2021-05 67 333 529 13.5 168 4.34 244
2021-06 70 818 485 12.9 153 4.06 237
2021-07 70 548 499 14.1 156 4.45 228
2021-08 72 184 444 12.6 144 4.04 212
2021-09 64 028 462 14.6 152 4.34 220
2021-10 53 678 381 14.3 131 4.55 186
2021-11 43 447 335 16. 6 147 5.12 169
2021-12 33 708 442 14.7 203 4.63 238
2022-01 37 077 423 14.3 189 4.49 227
2022-02 40 924 361 14.9 170 4.61 199
2022-03 44 266 335 14.1 153 4.41 185
2022-04 42 277 307 13.3 129 4.33 173
2022-05 35 286 265 13.2 112 4.21 155
2022-06 43 155 239 12.6 110 4.25 146
2022-07 42 419 250 13.1 112 4.17 140
2022-08 46 246 246 13. 4 92 4.24 133

3.06 19.6 0.27 6.53 0.11 61.9 8.05
3.25 18.7 0.24 6.50 0.19 60. 1 9.02
3.13 21.9 0.35 6.32 0.15 60. 5 8. 68
3.17 21.5 0.37 6.01 0.14 61.3 7.80
3.10 20.7 0.55 6. 05 0. 14 51.3 7.50
3.03 18.6 0.53 5.77 0.17 42.9 6.38
3.23 18.7 0.39 5.78 0.11 42.5 5.80
3.06 19. 1 0.45

(9.3

.60 0.08 38.5 5.49

3.30 21.6 0.27 6. 11 0.20 38.5 6.90
3.42 18.0 0.17 6. 18 0.18 38.2 7.37
3.27 24.6 0.18 5.28 0.23 39.0 9.72
3.65 26. 4 0.28 6.75 0.25 44.9 10. 44
3.19 24.0 0.26 6.98 0.23 44.3 8.49

3.18 19.7 0.31 6.93 15 40.2 9.74

3.08 24.3 0.28 5.77 19 38.6 8.92
3.03 24.5 0.29 6.12 0.23 37.3 6.97
3.00 20.2 0.26 5.06 0.19 33.6 6. 89
3.00 19. 1 0.25 4.71 0.18 29.7 5.98
3.03 19.8 0.25 5.11 0.20 30.5 5.60

3.00 16.2 0.18 5.03 0.19 27.7 4.61

H 13 500 m*(ANETEEGRE) B bR BR R 0. 225
m’/(m’-d™") , LA 2021 4 3 ARG i rima,
BANIBAT AR 29 A 0.70 Jo/m®, HodHL 2%k 0. 24
Jt/m’ 2550 2% 4 0. 095 JT/m®, PAFC (10% ) -2 4%
JHEZ)28 100 mg/L, IR EH (10% ) T80 i 24
420 mg/L,

AT H WK L AFEZ) A 0. 35 kW - h, i T iU
157K R H A-RPIR T. 254X 0. 188 kW - h Ayl /K
FE) 22 n] BE R B IR T ARIR H ik KI5 Y e
e T H AT H V5K TR — 8 TR A ek

R AAO T2, [Al B~ F 24 7K FL A€ R 0. 28 kW +h,
S H K K bR o 22 57 A T RS 3550 0 36k i %) 5 i)
ALA e [ KK B 4544 7, AAO-RPIR T.Z 1)
EFEMA S H MR AAO T2 B ELR, X
H T —J7 I, RPIR 2B )3t 1 Je g i BTG o 4 T
AAO B BB T FR I BR a5 AAO0 T2 —3, 5
— 71, R4S AAO-RPIR 1. 2548 2= 7 ANl 5 [B]
V5 YRR BERAIG, G4 DX B B 41X B4 X 28 R AR IX Y
PREE R A K, T3 ) R e AR, R H
) ELIRREREXT LN 4 BT

R4 M HBEFEXS L

Tab. 4  Comparison of Energy Consumption in Similar Projects

T H AR5 H AWEAEKTE-TR LK —E RS TR s TR DG K
FIETZ AAO-RPIR MR AAO RPIR A-RPIR
BT/ (m? -d7") 477 24 J5 17.6 J7 159
BRI MV —% B — A —Z A
WK L FE/ (KW +h) 0.35 0.28 0. 3305 0. 1882
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PR E AR, 4 T RIR L,

@© i

RPIR -2 15 b st ) FH 46 T8 S5 o7 U i it — 1A Ak
R ¥ i < S 27 Il T A By, v R K
TR TR, DAARTIH S K HR— R AAO+
JE 1 JE S 0 A X b 7E K bR o R — A Ab
Pt AR 0T, 2 b TR 0¥ A5 0 Y BN o
I35 29 20% , HHbdE 55 MBR T. A4, 5 Hb
BETE

@ St fiisp 5 sh ik

RPIR FEHGIE o 5044 {1 3 45 15 1 A A it 4 4
X _biRasia], T 450t B He s 8, X bb ) 3 J)
D0 RS R DOUE Tt MBR R A5 e K 4

20, HAREE TR S A T E] RPIR A58k v [F]

A AR TR PRk, AT AR 23 it T T, 55
Hiazhtk,

@ robili frBe S0 B AR =

RPIR £ Akt 7K BL K4S 19 50 43 A TR,
R KR THE A &) o3 A TR T Rt RS Y
JRI T 1) S R ] — 2K, A A TS K I RS
FEAE M ARERAEH ETHE TR X, 15K ETHE A
WK AT B8 5 EA RPIR Bide J5 7K & R T I,
BRI KRR e BT X, 75 7K 45 RPIR %
BLoy B 5 U R E RS 5 5B AT X R T

IR RPIR B — 45 05
ZHERETZHEHNGEE2RAB S
VFZ ML Z AL, HAR A WO sh e 28 Bk i ) -+
SEalRA X, WL, B 5sm iy b o 7 RE 77
MERAS R XSO A, T RPIR AL 43 B, B
it DX AN 25 0 R #5 8) A i, B A R L ) A AT B
Uit DX K 1 ik AR AT ML VR AR TR X,
I, % T2 IRl SCHA #E i 3 i R A5, A LY B
fiFR S ) VA A R L T DR AT L S TR A U A
G TR

@ P AR BRI

FEFFDCAFBCK B R AT EE T, RPIR BEHL Y 7 &

FH R, B A T SR R B 2 5
TR, T g Lok B ik — 2 RS TH 4%
o AR PR B Y 6 A R i 2 4 T R ek
1 RPIR B3t , $2 M5 KA BEAE 1, T L% T
232 M A Ty T A BR /0N, 7E b AS R
T A FHBLIRAG Sl i)W H R T2 HA —
L

& TZ2EiERZ

RPIR 44 Rk 19 A B 0% 20k ml 7 H A AR
B E AR, PR A A AR R ) R ™
DAATI H S ], SR AR UE K 250 e A B, FE R
A KGE o R A A 4 R DN1200 3 T4 e
KB F AT 32 MREFLAL K 2 R EFIY
SIAEE TR, A T R IERS Ak U 18] A A B A
PR AL 1) R IR R s SR, AR H AL 8 T 168 4R
T A8 101 97 8 341 2 A BT RPIR ARk 22 [a] | -3 i
[l 37 U e P T 28 i AU X, A H At L K R
TRA WA w A B A 4 s, T LA
g AR E L it T 5 DA K H R 21T 4890 Y
B, AWH T 2022 4 P4 RPIR B0 R 1T
TYEMZES Tt P9 T2 A R B | T 24 5 )
B AGREE K SRR L A B T B
T, b P9 A A B R

© RS IE A

G4t 177 RPIR ARG i RHE AT e /K 43 8
AT DASCIE o SR T A ey (A R TS Ye HERR AR}
IR IEE R T8 4 N D X 3 2 i R AT
Yk, JCHOEERSHR M3 ST, R RS X
Z BRI S 5y 0 A B S it — 20 in i LA X 3 2
T ISTRST ) P N W 3 = R R T 5287 el 6] S Y 14
EMIE , ANE T8 4 N AR GBAT, 25 G Bk R
BTN T A T AR AR A ) 4o B DL R T AR, Y
TR R X RS X 55 00 % i E A sheh ik
Jiti, TR 25 FEAS e 2 [ RS A6 300 18 115 B 0 R A
o] DI i K gm B HE A, DUR TR b
BAE, I PR i 4 N B2 4

)T 2022 4 6 A ZERR LR K B ARL A DX R 4
T ARG, R A BRI, LR
PR GE T AT b A DA A B FE [R]85, X 2R
P B B — e, B 4 AMRERE AT gk, v
VR 298 10 min, ¥E VR — &, o] 22 R0 H 7K
K FTEE T SCBA Y [ BT
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Fig. 4 Layout of Water Distribution and Sludge Recirculation Pipe of AAO-RPIR Aeration Tank
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