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Design of Step-feed Multi-stage AO+MBR Process under High Discharge
Standard
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Abstract: The original design scale of a reclaimed water plant in Beijing is 4.5%10* m*/d. The
plant was newly built in other place and expanded to the design scale of 6.5x10* m’/d in the phase 1
project (the total scale is 10x10* m*/d), and the discharge standard was upgraded from the first level A
criteria specified in Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant (GB
18918-2002) to level A criteria (quasi-class Il standard) specified in a local standard of Beijing
Discharge Standard of Water Pollutants for Municipal Wastewater Treatment Plants (DB 11/890-2012).
Through analysis of the pollutant indicators and comparison of the process scheme, the process of
pretreatment, step-feed multi-stage AO process, MBR and ozone catalytic oxidation was selected. The trial
operation indicated that the effluent quality stably met the discharge standard. The step-feed multi-stage
AO process flexibly allocated the carbon sources in the influent and improved the endogenous
denitrification to enhance TN removal performance. When the influent quality exceeded the standard in
actual operation, TN in the effluent still remained below 10 mg/L by adding external carbon source. In
addition, precise aeration and pulse aeration systems were applied to the biological tank and membrane

tank, which effectively saved energy consumption by approximately 10% during trial operation.
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Tab.l Comparison of original influent and effluent

quality and new standard of reclaimed water plant

mg- L™
i H BOD, | COD | SS | TN |NH,-N| TP
)5 150~ | 348~ | 97~ 51.5~
R 55~80 6.5~9.0
KA | 299 580 | 265 775
JFTH | 1.66~ | 20.7~ as 18.9~| 0.59~ | 0.36~
JKAKEE | 102 | 412 22 3.55 0.43
B HE
N, 4 20 5 10 |1.0(1.5] 0.2
AR (1.5)

JR) 5 K Zead e G V5 YR 2+ MBR T2 AR H
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AMYEER . AT YRR AT T

@O CODF1BOD,

HEK BIC HE R 0. 4~0. 5, AT A=Ak gt . i) iz
T4 W7, MBR T2/ H 7K COD 7£ 20~40 mg/L
ZMa o H AT B KK BB AL, R S KRR
A0 T EFLATREE AL, 7K COD fiEiA £ 30 mg/L /2
Ho N 1 7K COD & BOD,iA#5 , 75 MBR J&
58 SR AR SEUAL T2 R A M ME R % COD R4 T
3, TR T EA 07 A5 i A e 12 o
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reclaimed water plant;  high discharge
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PSR4 Bk K 2 90 AO+HB I T 20 b 2R 15 5
K TN 2B 2 889%' . P4 42 Fym /K AL T B i
FHZ B A0, 7EBEK TN 50 mg/L (A5 , B as
P55 K TN 7] 34 10 mg/L LA F , £ BR R4 80%"
AR AR T Y TN 2 BR 25 3] 80% LA I 5 Al ik
Pro EBN =5 TH B R TN LR, — 2R M
Bardenpho T. 20/ 53, 08 29 AO, AL B L
By IR BB ACAE T 5 — 02 R 43 Btk KA 7 itk D
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Tab.2 Design influent and effluent quality
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Tab.3 Process comparison

i H BOD; | COD | SS | TN | NH,-N | TP 5 A GrBH K Z 9 A0+ | Bardenpho+i RTT
BEK/(mg-L") | 250 | 500 | 350 | 70 | 60 8 MBR TE+ BURH AL 18 it
HK/(mg L™ 4 20 5 10 1.0 0.2 H)R ¥

fl%%i/% ) 98.4 96 98.6 | 85.7| 98.3 |97.5 E(ﬁﬁ?g{ifziﬁ ¢ 26319 30919
3.2 IZBKA KRR I&Eﬁ&%/ 35182.16 30792.27
BB TR 160 D 2 A OB Mﬁ%/
o7 TR DR AR AR AR TR R 2 (ﬁ“m; ) 5412.64 473727
TrAHL, KA R B Wit . AR R bk, prry=—
AL BRI IH MG . R E R 95 000 m?, A% i-a”) 6033.27 598651
1 F b T A 72 105 m?, $7 A K AR 24 1. 109 3 WKL A )sa Vs
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B T2, 2B K BE Ik 20 28 U & HE AR
HES S X EOE K, — B TR &0 A W A B )
7K COD REIA #) 30 mg/L 247, Atk — 5 il COD
Z 20 mg/L LLF, Jb 50 Hb XA 28 451 — 7 e 2 18
A A S Ak T B TR) Ao S B Aot 2, o Ak iy FH A SR
RAf. T LT 2 e v 32 B X A 1 Ak B AN IR
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Fig.1 Process flow chart of reclaimed water plant
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I B oty 4 i — B IR AR Tt 1 5 PR W RO . K AR
1T IR A A s, AR S AL [
o T it I A PO 9L ) 7K V8 i 4 v X IR A o ol
AR5

HE K #% BB 1Y 30%~40% . 0~20% | 30%~40%
0~20% B HE 514391 43 i 28 ke At 1 PR A0t Bk STt
2 AR 3, PRI JS S A I A0 RO AL R Akt
FEAT TR FH 1 2 et fire e

Q@ FEWHEEI KRS

MBR T.ZLfe#EE & T4 .20, R I MBR T
SRR K AR — R 0. 45~0. 91 kW -h™', T
S L FE U 2 o AR A 1Y 45% o 15 K Ak PR
J7 AO+MBR H A= B 1t AR b BE FE 5 HE A S A
37.3% M143. 0%, &1 F 5 KT 80% ', FEEAFERE
FUOTAE R AERE S R IR . AR R A
REXE A IR R G, R A OLAb B8 ot Ty A ik g <
D72, AT PRI RS RERE . 76 2L W 45 Tt 152 AE
LR I A R AR T 2B S R A
23 SR R R IAE R  R f
Ao IR 2 W R R IR 2 mg/L LA 440 1
BB PR ST 0L, ¥ A S I 7E 1~1. 5 mg/L
oA, kG Rt ] 9 A T TR %) R T R SRR I SRR
By sme o PR R bk b <O X SE ek A Y
5Y YR S T B T Gy, AR MR AR5 e B R )
BT v R R AT B 22 A BRI R B
) 268 AT I 1A A B0 80T B o S B IR AT 1T ik
M A B T B AR B IS FE R DU K A o X
Fb— 132 17 A I K BEE , 1332 17 30 ) 4 STt S A 1
T LR BR 6%, BRIk v R AT 0L B 129, 2R
WLIREREL 10%, RERCR 3% BB B TR E VA
i — Ty 23 Al

@ Br#Er=t

Bt K 29 A0 1.2 B AL A, BR L
XA HEEAYBRBEYIRE, A0 H7E 29 A0
Wi — BUR B, WAL IR R o [R]IR Ay aht G0 g
ST S 35K e B 7 4, o AR T 1 R, DRI
IR . FEBEAH 1 #b T8 — 3R SN iR R, 1% B
HIK 2 309%~40% , J7 22 DR A A B8 A AE X 38 2 A flk
TG AL 25 SR TR A TR S, iR BRI . B
A= W) B B A1 38 SR AR 2 R B B0 PAC T W
(10%) , 24 i by Rt 1A 7K 2

4 T AZEIT
4.1 FsbiE

Tk R G RS T, PO A R A —
L REL A SR D e % 2, A% M TR R 20 mm, SR 1. 8
m, 32 5o AN R A A AR P B I A
L ALBR 50k 4 .1 mmo Hrp USR58 2. 0 m,
W3 G  EARMET A 1. 6m, 344 MRS
Be 4 s R e S AT B B T R 430
70.8.10. 0 MPa, FHAS M S i K 5 s A5 4, ROST R
20.3 mx13.4 mx6.3 m, ¥ 4 5K HG HE (3 A1
#,2[705) , 0=1 300 m*/h, H=185 kPa, N=90 kW,
A% B RS DTRD T R A AR S A, ST R 397
mx16. 5 mx6. 1 mo BES YA 5 117 35 455 B4 1 (]
8 min, PRIEBRAD BRIMACR , it G TCALED BRI AR X
MBR 2 17 1 AN B 5200 o B A0 Tt i 22 U
AP HLHERD e 2 2% 5 KALIE S
4.2 MBRAEWAAEI

MBR A b 41 A 2 RS R 107. 5 mx120. 0 mx
6. 0 m, Hrf A Wit F- 1 RS 107. 5 mx84. 6 m, i it
J R A [A]PF-T RT 80. 4 mx36. 7 mo

Azt s BE INFIA] 17, 4 b, Forp B Al 1 R AR
qth G AU 1R 2 G AR 2 B AU 3 UK T 45 R
W43 R 2. 6.2.3.3.7.2.1.3. 8.2. 9 h, MiTEWY
MWK S5 B i T R4 2. 3 h 480 7. 6 h %07 5 he
75 R HEE 5 000~8 000 mg/L, 7576 f7fif 0. 05 kgBOD./
(kgMLSS-d) ,SK L 8: 1. BEHAF RE I ] 2. 2 h, P8
JEE i 5 15 L/(m’+h) , 75 Je # FE 8 000~12 000 mg/L,
124797 L U 11 min, #EPE 1 min, >R Ik pr i
A, R R R AL B TR R AR R KU 0. 25 mY/ (m-
h) RPREHR 0. 12 m™/(m?-h) , 5407 48 00 5 oy
S IE I G A e R AL A R 1 XU 35
O3B AR 3% I . IR R T IR A
ARt 114 6 T v AT Ik v e A, D A R T
BB A o MR A AR 1 [ EE 500% , 454t 2
2 IR AR MU 3 101 37 G 400% , 181970 2 B 2 2 o1, mT
PEHE LA

KB Bl R R T4 A B K LA ik
S 1 DR AT L BRSE 2 B AR 3 A A 1 A5 A
4 BTKHET#S , B2 2 500 mm, T 7.5 kW ; {48
v A R RAY B 0=7. 8 mYh, 990 mm, L=
1000 mm, 33 0004 ; B i & 2 2 4E AL 25 84
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o 1240, ik T, R E RN FRE R,
fEth % G S R 7 & (6 FH 14,2 6784, Q=
2 300 m*/h, H=10 kPa, N=10 kW ; 448 i 2 & Bk 48
o1k 6 &, o 2 5485, 0=2 000 m/h, H=10
kPa,N=10 kW .

R 28 A1 B KR A S 12 /5, 0=362 mY/h,
H=100 kPa, N=15 kW, IR & BR &M ¥ 452 L PAC 1Y it
FERMZTEREA 1 £, HiERES R SRS,
4.3 REMEUEML

BLAEA fid ot N SR R A H)  E, RORUST 580
mx28. 0 m, R ITH M 20 mg/L, COD B3t 25
B 10 mg/Lo 42 Mt >R AU b AU X, K T 455 B i)
] 60 min, 43 8 4% , HLith I FH 64 m*, BEITIEH 5. 13
m’/(m*~h) o S SR P RR IR fE Ab R 3208} HE

9% B 247 0. 56~0. 65 t/m®, 1 Bt 5 Bk M i < 4% L 0
M UEAR U8k AE . TR B AUK Rk, PR
15~20 YR/, SO B 13. 9 L/(m*-s) , 1% B ) Pk Bk
KAL2 G (1 14%5),0=60 m*/min, H=90 kPa, N=160
kW, FUEK MhpEs®E 12 L/(m?-s) , 76 8] F K %2 b
WO UK, b BB HE S R R AR AR
L. P RAR SR, R 43.8 mx10. 8 mo BEHE
FUEARAA 16 RSG5, 7 5 30 ke/h,
B S UREHE SO m. R U A5 R G 8 HUK A A
H3HQH14%),0=60 m/min, H=200 kPa, N=7
kW, BLE il g A% M aCHe s K IESS

4.4 HERHE

B AL 5 AL AR B L % A, RS 62,2 mx
9.5 mx10. 0 m, ZH L RN 8 &, Hi 4 5 X
N (3 145) , 0=149 m*/min, P=45 kPa, N=160
kW; 5404 SRR LA (3 145) ,0=130 m¥/min,

P=65 kPa,N=220 kW, W& H 35S g
44 ,0=12 555 m*h,N=0. 55 kW; R TRXHLH G , 0=
30 000 m*h,N=1.5 kW,
4.5 TSiRBEKHE

75 R MK ML B IS A 28. 6 mx15. 0 mx7. 5 m,
GO AW AT K — KDL 3 &, Q=60 m’/h, N=77
kW, 75 6 % 7K Rt 99% FEAIK 2 80% , it /K & 1175 18
H VR IR AT 22 26 25 ) IX VG e A 40 A s e Ak T
PEAT AL B, R 0=9 m¥/h, H=1.6 MPa, N=18.5
kW,
4.6 [ERAKZRERE

[l 7K 3t T FH K 5 P B 1478 i oL 2 A 3, R
SFA 74,4 mx41.2 mx5. 5 m, AR GrRCE R AAMEL R
b BE K 3 & (2 14 ), 0=1 400 m*/h, H=150
kPa,N=90 kW, &EMHKELIGGH14),Q=
1 080 m’/h, H=400 kPa, N=190 kW , 254 ¥l . -4k
IKBEL 37 IX FH T3 6 DR G SR A E S K L
FiZ K ST TE MK
5 IBATHRR

FEAEIK T T 2019 4F IS 58 1, 2020 4E W) i 47
PR, FAE 7 A ST IRE AT . s T R S Rk
gy 25 K ) 60% , MBR A=Ak 4 A it iz 7 H:
AR, PR AKOK TR 40 AT 0L, FEE
IR 5 e 3 e T BRAE BB L T KA AR e
IRAR A BN R IR, 1K TN AR FEFE 10 mg/L
IR o S2BR 2878 iR 2. 26 J0/m?®, Hovb 4o 45 o, 2%
0.73 Ju/m?®, HoA 2550 3% I5 e ik B 2% A Y15 7
4 1.53 Jo/m’, izt MR SRR H 10% 1R
IR, BN 20 mg/L, SAABNNE 5 me/L, EEH
T,

F4  LER#E KK

Tab.4 Actual influent and effluent quality mg- L™
i H BOD, COD sS TN NH,-N TP
HEKAK T | 78.4~285.6(141.2) | 106.1~762.8(321.3) | 69.7~691.8(350.6) | 35.6~76.8(62.8) | 24.2~62.3(48.9) | 3.6~15.4(7.4)
HIKK | 0.44~2.82(1.96) 8.2~17.4(15.9) 1.6~4.5(3.6) 1.67~9.11(7.62) | 0.12~0.94(0.54) | 0.11~0.16(0.13)
e SN TEEIE,

6 &L’

e B A KSR 4 Br itk K 2 9% AO+MBR+
FUEMAL R T2, SEPris 7 i Aok mfa s s 2L
ST HBR A AR QU T 2EhRHE) o TIUAL BRI Al =X
YRS B BB ANAS I, AT A R BREF AW I, R

e U CRD I 5 B A ] SiE 4 22 8 miim, £ 25 BRAIR AIC
PURMER DT A B RCR o 53 5hebriaty b, il g

7K IR R A ST A Bt oK B B T 3OME LUK
B R R T 2 BN TR T] 1 2l il 98 15 K
GrBeilt K 249 AO F MBR (I A 1 FH T 2038 H

=N

H o
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