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Abstract [ Objective] To meet high standard effluent quality requirements, [ Methods] anaerobic/anoxic/aerobic/post-anoxic
method combining membrane bioreactor (AAOA+MBR) process with high sludge concentration, short hydraulic residence time and
high total nitrogen removal efficiency is adopted by an all-underground wastewater treatment plant( WWTP ) in Shandong Province. In
this paper, the sludge reflux mode and reflux ratio of AAOA+MBR process, the actual sludge concentration of each tank, the actual
flow of each tank and the concentration of matrix are simulated and analyzed. [ Results ]  The results show that the sludge
concentration in aerobic zone and the anoxic zone is 2. 08 times and 1. 67 times of that in the anaerobic/anoxic/aerobic/post-anoxic/
post-aerobic method ( AAOAOQ) + settling tank process, respectively. The concentration of ammonia nitrogen matrix in aerobic tank and
nitrate nitrogen matrix in anoxic tank are 0.54 times and 0.73 times respectively in AAOAO+ sedimentation tank. [ Conclusion ]

Compared with conventional AAOAO + settling tank, the residence time of each tank in AAOA+MBR process should consider the
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difference of sludge concentration in each tank and the influence of reduced substrate concentration on microbial degradation rate. After
nearly a year of operation, the actual effluent BOD;, COD, ammonia nitrogen and TP are better than the Class IV standards of
Environmenial Quality Standards for Surface Water (GB 3838—2002). The AAOA system is equipped with an intelligent inspection
robot that integrates the functions of network photography, temperature and humidity detection, toxic and harmful gas detection, etc. ,
the inspection difficulty of the whole underground WWTP is effectively reduced and the intelligent management level is improved. The
MBR membrane tank adopts the relay transportation mode of single rail S-type hoist and electric flat car, which overcomes the problems
of long running distance of single rail S-type hoist and frequent faults of electric hoist, the speed of installation and off-line cleaning of
the membrane box is greatly improved. In response to the layout challenge of the sludge dewatering room in the fully underground
WWTP under the requirement of low sludge moisture content, the high-pressure belt continuous sludge deep dewatering machine
process with smaller size and height is adopted which is easy to be arranged in the underground box. Meanwhile, the safe operation of

the fully underground WWTP is achieved through the enhanced anti-flooding design, deodorization design, fire protection and

ventilation smoke exhaust design. This design could provide guidance for other underground WWTPs.

Keywords underground wastewater treatment plant ( WWTP)
bioreactor( AAOA+MBR)
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Fig. 1 Flow of Treatment Process
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Fig.2  Above-Ground Effect Drawing of WWTP
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Fig.4 Plan of Underground Structure

B 5 #fEEeR
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Fig. 6 Model of Wastewater Treatment Level
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Fig. 7 Actual Flow of AAOA+MBR Process and Simulation of Matrix Concentration
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Fig. 8 Actual Flow of AAOAO+Sedimentation Basin Process and Simulation of Matrix Concentration
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Fig. 9 Vertical Layout of Sludge Dewatering Workshop

3 Z&Eigit

S b XI5 A A A T s KA EE
FIBE T B s 7E T 7 LR i T K TR 7K T A A LA K
BR5L B B REE LB
3.1 P&t

TR E 4 T EAK W T, P IR O P
BT R T YR K S ) LR D 1 AT D D
S5 bR A TUA B () SR PRS2 38 A T AR R %
EE VR R P A B K I [l ) 1) 1 G RSl A 1 GE
I W R Ta) ) 1) 1 38, 38 ok 2238 1) ) B A il
JFH ik G 8 V5 7K T VTl T AR AR 3 A D) FH D R B
T D WA A K | B IR AR B . FEIEKIE 55 A
FEMEE K BT AAOA Sz 07 3ttt 247 158 ¥ 34 I 42 &8 F ik
KB o 4K BT 0 K Bt = /K SR 3
i, AAOA 2 th 7K A5 23 AN T 5, Ry B Lk 4 9 L Hsf
N/ E 7K BB AT B B B AR AR R 7 =X R A a2 7K
5 ML BRIE K K T KR R AR T RE SR, i
IKFE 5 KA 2 AW T 153, A B 1k 1 7K 3 5 Vi 3 1 ik
ANHEFK R BT IR T TR TR RE S 22 BB 7 7K S S s e 7K
PETFFE SN F S CH , ISCPIHE K LB ]

Z TR R = TR AR = 20 1 m LA
1R KABITE | bR A A A AL B R B k)
Xl T R 7K A A M A6 AR 38 A i i B AR K 78 T
BRI 2 A T A 1 HE BT 52 B, HEBS R K HEA
MK A T8 2R 40, 0 b AR it e A A A
Tt g, [ A b A A B 2 At 15 5 [ 1Y) 7=
KIS RS S S SR A T X
W, IR AU T A IO e S B S 1R 1T, ke il A v
REXFRE T 1009% 474805, 6] % TR 76 b T R AR

BB EHEE A By 1A, DA B Lk B 38 4 1R PN Y
WA
3.2 BRIt

SRR RT RO LR A A P R BRE R AR R 2R
PEAL S ER X AL FRE]  AAOA Sz jith \MBR A=
TSV [A] S5 HEA T A BB BR 5L, BPA ) 1] O A A 2R
B KD DT AR R ] 10 m®/ (m®+h)
IREFFHE I 2 YR/ h B 23 (Al a5 SR T3t DR AU
B V5 Ve AT AE B R X HE I 3 m®/ (m® -h) B
EIFHGIN 2 R/ h (423 )45 i 5 4 0 F MBR R
B 5L XU e BRI A 5 110% HUMA 5 iK1 b 7K
Sy B AR A R F S B A B R+ Kk B 0
M BPCAE | G R XU IR 12 WR/h 2% Ja] <
1, R SRR 65 000 m®/h, BLACR FHBE IS 40
TE RS Hi ik AU /D X R A8 2 1 23 1R s i), Hi ' 3
B4 YR R g R AT e A bR S A A
ZUETHEL,
3.3 HBpEIT

ARG O R S T5 K AL BB R AR
(T/CECS 729—2020) H {174 Bl % 125Kk DL J A= 7=
TR SERE/ R RE 8L, 27 [ N HAl 4 R s
AKALFE BB AR AR — 2 IR T A
B K ArIX,2 A KRF 5 m G EH i AT, AAOA
TG A AR SR8 2 8], Bl R AL L, Bl7 Kk 43
XY K E 5 144. 75 m® , HoAh B k43 X AR /)N
F2 000 m*, BEASBE KA KA 1 A0S B E A
B Bl K DX Z )R F B K 8k 4 B B i 1 iR
I TER R 11 35 R AR G B A 5 B B 7 T B 2k
T, AHAR B K A XA H B AT TR 38 gl T
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H R AR P R N T R R SR L H Bhmik K
KFRGE BRI, = AR AS = S -E A
BERK KEEH
3.4 EXHHEIET

TR ;7 AP KA B KT IX 1~6
I, RO KR T R AT 4238 2 4 X R B
FRCHIE  foE RCHERR B3, B a3 DX 1 (A B AR 1
JZ2) 3 KBBR8 R/h B k3 IX 2~ 3 ( AAOA
K& 2 MBR K& )2 B 15 2% 0] ) 38 R4 SR B 5
W/ B K AT IR A (el EOABL AR ) 8
ISR ECR 10~ 11 /b Bi7 k43 X5 (15 e ik
ML) i XA SR B 11 WR/h B kA3 X 6 (45 ER )

&2 Shrit KK

Fig BRSSPI XU S 3 U/h, SO HERR 6 YR/, B ER
BB KRGS AT, S80S HEAR 3 R <A
HARHERT R ST s M AT 4 KL B & A 2k
FRTAGHIETT , AT T ARSI A 2 b
HENI XL BT, AEE R H M m A T 3 SRR, FE
ARBANABLAPR, # MR R TFHE XU Y 80%
4 IBITHR

202349 H 1 H—2024 429 A 1 Higf 7R, 5L
Prizfr/Kk N 10 435~16 709 m’/d, R 4147
J7 3, SEBR 7KK BT BOD, ,COD 2 A TP 54845
BT R AR PR BT iR i) (GB 3838—2002) Hr
IVERAE(R 2) .
(EAf :mg/L)

Tab.2 Water Quality of Actual Influent and Effluent (Unit; mg/L)
LN BOD4 COoD RA TP TN
SERREK K 22.10~42. 83 97. 80~229. 00 12.00~42. 30 1.33~6.77 20. 90~50. 20
S H 7KK 0~3.00 10. 10~ 16. 70 0.01~0.15 0.13~0.22 6.72~13.90

5 BESHA

T H BB 4 3. 39 1200, Hoh TR % 4
R 2.94 1070, B E WA N 1. 68 Ju/m’ , Wi H R
B AR A G AE (PPP) B, VR IBR
30 45, Horp s ) 1425 ) 29 4 Kk 3.738
Jo/m’

6 Zit

(D) TEWTT TN ZLERB BRI R IE LT % T
FERF T AAOA+MBR T2, &bl 1 s 17, SLbr
7K BOD; ,COD \Z & TP S48 b T (HbF K 3
B T AR AE) (GB 3838—2002) FRAY IV 28 bR,

(2) ZA540 AAOA+MBR T2 480 it B4t
HIT5 TR 23 5 R AAOAO+TITTE M T 25 /Y 2. 08 1%
F L 67 A% (A 40t 2 2R 5 T v Rt e e i 2
FILFRHE 4> W0 AAOAO+UTTEM T. 250 0. 54 1%
F10.73 75, AAOA+MBR T. 25 % i35 75 % e 4%
th 775 U6 R B AN [R) I 25 PR o vk 8 e AV X i A= o
fiff TR R
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