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R Z B 7 RE A, % B 5 31 A 300%.200% . 100% ; MBR R i3 % X & 4F 4 i, S R
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Utilization of AAO+MBR Process for Land Saving Design of a Wastewater
Treatment Plant with High Discharge Standard
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Abstract: The influent of a wastewater treatment plant in Maoming mainly consists of urban
domestic sewage, with a design capacity of 4.5x10* m’/d. The effluent quality is required to meet the
quasi-class IV limit specified in Environmental Quality Standards for Surface Water (GB 3838-2002)
(except TN), and achieves a remarkable 95% removal rates for BOD;, suspended solids (SS) and ammonia
nitrogen (NH,"=N). The land use index is 0.35 m*(m’-d™"), which is only 1/3 of the recommended value
in the relevant code. To comply with the effluent quality requirements and land use restrictions, the main
process employed AAO+MBR, which demonstrated a significant reduction in land usage compared to the
coagulation and precipitation advanced treatment process. The design sludge load for the biochemical
tank was 0.065 kgBOD,/(kgMLSS-d), the design sludge concentration for the aerobic tank was 9 000 mg/L,
and the design gas-water ratio was 4.9: 1. The three-stage sludge reflux system was utilized, with design
reflux ratios of 300%, 200%, and 100% for each stage respectively. The membrane in MBR featured an
immersed hollow fiber structure, a double-layer membrane frame, online cleaning, and a designed
membrane flux of 18.8 L/(m’+h). The project cost was 2 250 yuan/m’, with equipment purchase cost
accounting for 40%. After commissioning, glucose was added to the anoxic tank in case of insufficient

carbon source, and polyaluminum chloride was dosed at the end of the aerobic tank if the biological
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phosphorus removal performance was unsatisfactory, ensuring stable effluent quality that met the

discharge standard.
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H G RAARAYER
1 FRAIE) I

7 44 T 5 KA BB R 2K DA A A T S K
HE, I TRRBH B 4. 5x10" mYd (53 P BB
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Tab.1 Design influent and effluent quality

quasi-class IV standard;

15 H COD |BOD,| SS [NH,/-N| TN | TP

BTk

0 <260 | <130 | <150 | <25 | <35 | <35
(mg-L™")

&It hk/

< < < <15 | <15 | <0.
(mg-1) 30 6 5 1.5 15 0.3

BB %% | 88.46 | 95.38 | 96.67 | 94.00 |57.14]91.43

2 BUhFg
2.1 ITEm®E

15K T I AL BEBRAT 1 7K K BT L BB ) 45
Biossgm T A H . Bz TR &K T A e
A ORI A AL BT 20 BOD;: TN: TP FF3E &

AAO process;

land saving;

100:5: 1, SO SR AL I BRI . DTS e Bk
F ,BOD;.SS & NH, N B 1% i1 2 bR R ¥ 7E 95% 42
F, LR ESRAR TP 1 COD M3t £ B R 1E
90% A7 , BER AL @ 5 X TN (1 2 BRER K, M
57%. W53 HE BR(E R A | 7K BOD, \NH,-N
MSSTH IR 6.1.5.5 mg/LLLF M8,
F 9% 40 B K BOD,  SS . NH, ' ~N K TP 48 b X L)
i3] GB 3838—2002 M #E IV /K bR ifi , 75 L7 —
0T 7 5 il 1 15 3 = U VE b LR KA R
(BAF) S UR BE AL PR AT

% TR — T HHREL A 11 10x10° m¥/d, FH i Al
BULH 3.5 hm?, HHLFEFR 4 0. 35 m (m®-d™) , K
Tl HE K TR BRI LS ) (GB 50318—2017) 1
9 1. 0~1. 2 m*/(m®-d™") IR T V5 7K Ak 3R TR T H 4
BEARE) CEEAR 198—2022) H1 11 0. 8~1. 0 m¥(m*-d™") .
ZRRE T UE AN 3 U B R A B TS o b T R
K, TR A ) SO0 7% (MBR) AT BAF T2 1T LAAR G- i
WY, Hodp BAF i T A7 B4 A LA
;AR X 45520 MBR J& — Bl B 2 B B R 5%
GuA AR T A HLES A 1 B R AT K AR BE T
2, HLA i T e B RN AT i H KK JBR, TT A
WD A AT AR, 18 b, 35 T A L 5K K
PRUET“ A% 75 KA BT . FEfE 58 AAO T 2564 I
FHMBR AR 00t S5 Se R FE AL T2, AT LRI
MBR %5 fr 19 95 e 1% 3 45 7K 1 45 BRI 1] (HRT) , A
T8/ A AT 7 1, PR, AR 48 AAO B Hoek AU T
A MBR A B i S ey a5 K AR BTz R
M T2 A LR abr, iz TR £k
SEFR T 28 R H AAO+MBR .
2.2 IERE

T2 WmARE 1R . ETANERIT M 0%
At B i AU b, 3 T R B K A () 77
W) KRB, D8R i 2 A ) A BB A AT R G IR A R A
B TE R A 5 RS B 32 L T 2 BR AN /NET | okt o
HE N MBR JE i J5 77 55 56 11 2R A Al 45, i 53 i %
% AL BUR T AAO A= ALt ; TR Ab BRI MBR
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Fig.1 Flow chart of treatment process

2.3 Hfiigit

B3R H AAO+MBR M 15 T 2 L5 & HIHAb , 1%
TR SR T A s B AR A kK
D i, R AR R 2R P 5 BT WA e A A b 22 7]
F14 TF1) B AR BE 4B B s MBR P 58 A 247 P 0 e A 2.
P DR X R IR R Uk, AN 73 B e it s R /KR
SOMHTEIRAL B SRR 148 25 Ml s e
RO T X FE B SR BN 4 m, £ 2B K
[F1) B 051 RIS ) i 2 T ) B D/ NG SR ]
(7] A ] BE Ul /AL S ST J] i 2 Ml S, R ORAR A
3~5mZ[H"

J X A E AN 2 R

B2 TRTEHEME
Fig.2 Layout plan of sewage treatment plant area
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3.1 WAERZ

@ AR SR K Py

RS A5 2R K R D75, P 1 S 14, 6 mx
14.6 m, RN 13. 4 mo B BB 22 20 4% 5 | AR BR

15012 & (WA TR B 20 mm) |, B A% M /5 3

BYREMmII2E, B EHEE3IG. 2K
N T B ERTE R 2 G 1K /N,

@ 4iks M I S TR

A% A S 18 ST 8. 70 mx3. 40 m, 5= N
3.0 m; 3 B A K A A% MR TS AL 2 2 O 45 1 R
6 mm) AR E AR AR T ] 2 5 5 5B IR e ik
JEME—RML 1 £ B DU i R )R 18,5 mx
5.2m, @A 4. 05 m; i E LSRR IR ] 3 & .
Br X ERPHL CARED) 1 & PR B85 1 5 B ke
KHL2E (1)

@ kS

JIES A A 2 S TR SF 10,9 mx7. 70 m, 5 JE N
2.90 mo KM 3 5 P HE U AR A% AR TS AL (2 1
2 AR BRA 1 mm) |, B2 T e R R v 2R 4%
M i 4418 3
3.2 ZHERENERS

D  AAO A1kt

AAO A=Akt 188 2 41, it 7KiE A 15 °CL 15 e i
R 15 d s RAE | fple S 0 e 48 0 1) 3595 e T R Ay
51243 000.6 000.9 000 me/L, A= Akt i 1115 Jé 1 fif
0. 065 kgBODJ/(kgMLSS-d) , ¥ i %5 1 11 fif
0.47 kgBOD/(m’-d) ; i AL B e A KR R
0.282 d™', A4k a4 0. 027 kgNH,~N/(kgMLSS-d) 5
P E G E 0. 027 kgNO, —N/(kgMLSS-d) ™!,
W Bl 46 17 757 4 0. 037 kgNO, —N/(kegMLSS-d) . %
TR R 6 m, PR AL | S 480t S 4 S0 1Y i 1 H HRT
A3 A 1.02,2.18,2.2 hy I 48 19 % 3K E
H94.9:1,

MBR b 458 iy % B A0 B S 0] 1 o RURD B e,
"B L TP 90 2 ot At AR IR B, R FH = R i e
3% ARV M S M B, MBR 4800 IS0 2
721N = (AN N = 1§ R A G Bl o e 1 R )
300% . 200% ., 100%, 15 e P ¥k 2 & (1 A 1
) o WAL, TELRIEAH A SO A [R], 2  d S R
Ui BV AN 1. 5~2. 5 mg/L, LAJE 2 35 Bk 4200t 1) Bk
AT AT A MR o BEAL A bt ) IR A X5
WKL 2 & SR X B K TR A 4 6 15
X% A UL R S 8 360 B[ TR R AE 1 M 0.9~
1.5 kg0,/(E-h) ],

@  MBRjth S = K2

MBRith 1 )32 2 41, 41 34% , P18 R F 4 37. 6 mx
11.2 m, WK R 4.5 m, HRCEFRZ M 1500 m?,
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P75 Y BE o 12 000 mg/L, MBR i i HRT Jy
0. 8 h, il L Aij i 44 A9 HRT(2. 2 h) |, S48 845 61
BT 3.0 he BRAAMIE 605, R AR A b 28
ZF i L, B 5N B A JR £ 4 (PVDF) |, BB L A2 <0. 1
wm, B3 IR &M 18. 8 L/(m*+h) , R “7= 945 17
Bz f R B2 7K 9 min 58K 1 min) , Bt 72K &
H25~45 m’/h, RFHXUZREAL, ik XU R 3. 25 mY/
(he F IR0 5 BRR IFELIB Dk o T3 1 /K 15 B L 3 3l
TR KA

MBR 727K 5 5 1A, P10 R 41,5 mx7. 6
m, EKE6H ER2 G JEMHEE 2 G .
FlaxmkE2E HEE 26U LEEMELE
#HD .

@ MBRImzya|

Ry S 27 R YL T, AT AR 2 JEGE i, MBR
T T 22 R VAR A A i R e AR A
THUEL RN . 4Ed P Bk 3222 R H NaClo %
W, A RCA I E N 100~200 mg/L, T/ 8 &4 0. 2~
1.5 L/(m? ), T VeSS g 1~2 YR/ PRS2 PR s Uk
B 3~6 1 H #EAT 1R AR TS5 et i 20 5 4 FH NaClo
VW BB S R R IR, HeHh NaClO ¥ R0 B — R
1000 mg/L. & 10 m’ 1) NaC1O fiff il 1 8 HE 4P T
PENaCIO MZGE 2 & (1 14 WK E M3 Bk NaClo
IG5 2 6,10 m® B FR IR (AP 2 mT hy % T AL T
Yo B E 1 K EMEVER I E 25,10 m* 1Y
Tl VA B 1 8 VKR MRV VRO 25 5 2 5, NaClo
(B HIZHFE 2 &5 FREIZGE 2 5 (WK HEH RS (124
R IH1E%) .

@  ERINEFE K RKETE D

SOMHEER 1) 2 4%, P RST 4 18. 7 mx7. 35
m; BT IK IR R 15~30 °C, ZRHEIK SS A 10 mg/L(
JER5 NTU) LUK, 7K 28 K o B 2 0 B A
1 000 /LA s Bt G R 2B 30 65% ., 5£4h
HERE 1E, b 16 MR, BRI 53247
B, AL 80 37, BRSCATAS M TRl 360 W, B L HL
30 kW,

® YIRS E

BLA R B 3K 3 T 3 B V5 K WAk BB T
RS M B2 E 7K 3R 3 200 s e T b st | S A%
M) A1 8 Ak BB 5T (A 45 V5 U8 VR 4t i et V5
PeWEKHLE ) , % F A Ak ith e 58 A 35 R 10 SR
JEERAR, Bt AR AN 5 R T Ak B % T e b BE LG Y

BRAR .

A= ) o5 G U8 St 4 Kb B XUEE SRy 14 000 m/h, 2 1T
1 faf B 200 m¥/(m?+h) ™ Hod ) 15096 3t i RS Ry
9.4 mx1.5 mx2. 0 m, ¥ RHIEHEEE 4 0.5 m; £
JEI AR SF R 9. 4 mx8. 0 mx2. 0 m, A= 4 HURHE &
H 10 m, A RHF R R 193 s5 08— 8 15 m Y
o 25 HE R
3.3 BiRAERS

BRI A5 07 N 5. 14 vd (A58 L
A8 K RIRTHE I 99. 2%, BT L 1 E 2 4% , B kg
SET ST A 3.0 mx3. 0 m, KR A 3 m, BRI B —
B 7.5 kW BHESR AR FEBIL , At A v vk B2 5 e 1 [ s
AefEvREE . PR B R IR AL 2 /5, B HLAT s i AR
200 m?, & U 5 UK 3 <98%, e UK F<
60% , B Kiz 47 16 ho 15 U& P8 5 R FH 5 P9 M ok i
(PAM) , -t~ 3~3. 5 kgt (L5081 .
3.4 IRREHA

— ) A N 13 486. 03 J oG, TARER ST
13149. 03 Ji oG, Hirp TRE S (S ad s T A2 9% |
VAW o 22 T A2 9% ) 2 10 115,09 J5 oG, T4
AP H Al 2 R 2 463.80 5T, Wi & B M
570. 14 J7 70 ; @A E Sk 221. 00 77T, Wi 8h 9 4
S} 116.00 Ji oG, WK T2 2 250 Jt/m’, H
VA 9 5 bR 40% o
4 ERRBATHR
4.1 FEEBNEHE

HR A 2022 4 H it F AL Wi £ ds | X 447 52 PR
HE KK OB AT R B G S5 R AN 2 R .
52 br 3 K BODJ/COD 7E 0. 36~0. 86 2 [d] , V-
0.59. FAN, MRYEZE T B 5E, TN FELR WAL 3%
H/RFAERZE 5 T ah R A 22 53K .

F2 2022 FLBRiEE  HKKER
Tab.2 Actual influent and effluent quality in 2022

i H COD |NH,/-N| TN TP
e | 26597 | 312 70.2 9.9
K /(mg- L™
B me L) T T 616 | 155 | 245 | 18
e | 136 043 | 13.15 | 0.09
7K (mg- L
7k Amg-1.7) Ty | 47 006 | 7.1 | 005
E | 99.1 99.9 982 | 99.9
LR
SEHy | 86.5 99.2 63.4 | 945

4.2 SLBRIBITHR
2022 43z 17 B faf 2R ) A 3k 2] — B Bz (2. 25%10°
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m*/d) 4 60% , 24 1 J07 i K15 7K A5 I 18 2 38 Fn /s B
B RUOK A R i 15 7K il 78 43 R HE A ek
i FE AT ES o AR5 UE ™™ 54 0. 70 1/10* m* (LA T
1R KT T UG A AL ER T H R [ R4S e
(B KFRLL9T% i) = & 2 5 K Ab B 119 0. 3%~
0. 5%, 3% 5EK COD He i H 4R3I AT 5

42 18 90% F1 95% (1) 31 5 45 21 % 17 g E
7K COD 43 51 3 98,118 mg/L, NH,"~N 43 5| 7 26. 3 |
27.5 mg/L, TN 434l & 49 .56 mg/L, TP 435l 4 3.2,
3.5 mg/Lo M AAEEE SRk A, i K NH,~N/TN
HM 0.7 2845, A5 A LA 16 V5 7K A 38 A9 4TS /K 4
ML BB TNAGR AR 25, SR FHIEZK NH, -N ik B 40
JHE AT NH,—N/TN {2 #1459 2 (9 i2E 7K TN Ge i 53
AR 37.6 F139.3 mg/L. AHXT T i3k K K i,
90% {4 UE & X B i) 552 B 1 7K TP ¥ B 538 , TN Al
NH, N ¥ B W 1=, 1 A3 MLV B ARG, AS 2 ik
KV FE ) 50% , 33X AT g 5 Y M V5 TR 4% ML R KA
s 12 S5 AT 5, — 20 N I b i W S 4 TAE L OF
5 KA B TAE

#E7K BODy/COD 4y 0. 35 LA F, AT A= A 5 4
BOD/TPF-YME A 20, A= 4 b e vl BSR4 IO 5CR
RSB 3z 7 AT SR A d 4t o g (RSt 1 7K ) 4%
T —E A RS FALE (PAC) 8 2 P R L3 F
A2 bR . PAC HE N mT BE XS 22 fiff RS 15 Y i —
SEAEFHNOT X MBR TS Yl 3 1) 52 Wi 47 75 < 0000
%2, BODyTN V-¥{HAL N 1. 5, 75 ZL A s 5 4 ik
A A= Wy I R, S B a4 v A SR 4 S 15 4 2 B ik
U5 o U KA DL AR BE b ARt 258 hn /D i i 4
Wil 2 5 27K BODS vk B, DL 4 4 26 ) it 7 75 Dl %
P o T A R AR AT R 25 o/ LSV 38 A3
TR AN, AR AN & A 52. 75 mg/L.

MAL B RKE , H7K COD TN \NH,'-N TP 4
FEBR I T IEAR , AH R T35 L R R B A A B &
kTR, MBR T2 o A E ) B
A BTG R A5 B I T) 5 K 45 B B ) 3 B A R
T RN DX s v B R R AR T AR A ]
K A5 T 1B e A B i A TR, B R TS G )
ZBRAE AP p s AT RE T .
4.3 BERK

18 E ARG T3 AR A 25 7THFE  3h 1T FE
15 e Ak B o YA O R LA A 2 BRI AR 3.
MBR H (4 52 8 2 0] (F3 5 4 1) 58 450 2 FH A kg

KRR 0. 15 J0/m’,

R3 BEBEBESH
Tab.3 Analysis of operation cost
i A WA SEPR{E
THARA/OT-m™) 0.073

PAM:3 kg/t T
PEIBF 20 kg/t TR
FR#E2 55 PAC:

PAM: 1.6 kg/t T

PAC:24.5 mg/L

2RI 20 mgl .
WHIREN(10%) : | IRATREN(10%)
4 mg/L 6 mg/L.
FPERTR (50%) . | 47 (A
1 mg/L J7):52.75 mg/L
BITEAE( KW h-m™) 0.48 0.83
TGl AL B BRIt 1) 270 60
B HRIOC - m™) 0.18
HABE PR /(0T -m™) 0.029

H TS P A BE K A2 5K , 2l 7 91 #8525 5
Primieah s A S s gt , RS AL B, H

I

LIRT5 et .

5 4

O XTI AT, 2 G T A
Jei o H 7KK X LA 8 31 b 3 7K A 35 5 A o ) (GB
3838—2002) Y i IV AR M ZEoR (TN BR AR ) , i 2%
TR BEDTVE 2ok U8 5 4 S VR B2 b 31 T 20 e i 9%
T O, TEERE R 25 AR T b BRI,
XF T FH Ml 5K KK BT SR i T K AR B, ]
SR HI MBRAE Ky B850 25 SR BEARFE T 25

@ SRHMBR T B, A5 A BT
2, THAL P Y BT A DU Tth 5 4 15 RS B LA £ 4
22 % T A SR T2, MBR WL 7 #5476 AAO T
SR Z G, K2 BRI RO ATHERR

@ KA AAO+MBR T 21}, Sy 07 X i 7K B Y8
AN AL, P A ST A5 B R 5 A A 5 Tl A SR
AEERE BT, P b 48,3t oA Sy (JE st 0 /K ) #5628
A AEALE . MBR H R ) 4 47 375 358 R FH NaClo %
VO VR A2 VAR i 1 G 7 O 1T SR FH NaClO Y7 Bk
W SFT R A

@ zu H Rk T A2 N 2 250 J6/m?, (K
TR A R T2 (IR AL EE ) (1 3 000
JG/m’ , P A W 2 N 40% , TR AR
B T2 (SR AN HE)

® R AAO+MBRER F4K T2, ol fRE
BT IX L FE AR 0. 35 m¥(m?-d™) (9B SR, KT
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(T HEZK TR A LY ) (GB 50318—2017) H Y
1. 0~1. 2 m*/(m®-d™) A T 5 K A 1T A0 5 i
B ) (AR 198—2022) H1 A 0. 8~1. 0 m*(m*-d™")
T H R
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