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Pilot Test of Dual-Mode MSBR for Wet Weather Flow Treatment in Urban WWTP
SHEN Lei "
( CorStar Environmental Equipment Shanghai Co. , Lid. , Shanghai 200030, China)

Abstract Domestic urban WWTPs experience hydraulic shock loads which increase drastically during wet weather. The WWTPs are
insufficient in handling the peak wet weather combined flow as the treatment capacity of secondary treatment processes is based on dry
weather flowrate, which causes overflow ahead of WWTPs or internal bypass inside the WWTPs. The overflow and bypass lead to
severe pollution of receiving water. This pilot test was conducted in a WWTP in Zhejiang to determine the peak wet weather biological
treatment capacity achievable of dual-mode MSBR with step feed capability. The results demonstrated that a peak wet weather
secondary treatment capacity from 2~4 times dry weather flow rate could be maintained, meanwhile the effluent limits such as COD,,
ammonia nitrogen, total nitrogen( TN) could be maintained at or lower than first class A criteria specified of Discharge Standard of
Polluiants for Municipal Wastewater Treatment Plant ( GB 18918—2002), among which average ammonia-nitrogen was below 1.0
mg/L, average TN was below 10 mg/L. The results also demonstrated that dual-mode MSBR is remarkably better than any physical-
chemical enhanced primary treatment processes in removal efficiency. A new solution is provided to achieve a significant increase in
peak wet weather treatment capacity of WWTPs, a remarkable decrease in receiving water’s pollution, and the end of malodorous and
black water.

Keywords urban wastewater treatment plant( WWTP)  dual-mode MSBR  step feed wet weather combined flow treatment CSO
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ARk TR E i | R B R A T A bk
15K )3 I B A R A — AL B (CEPT) | =4
UUUE It S P AL AL B T S0 I 2R A R A 15 7Kk T
Wb EE FERALZG IR R A2 1T TR HA L
Y1(COD,, ) ZBRFAT K 50% ~80% , 2 1) (SS) 2=
BN 60% ~90% , St (TP ) 2B 3 K 70% ~90% ,
ExEF & A B A (TN) 3865 19 bR i A
PR HBT R AL P B ST ] RE 1T I 5 9% R S
T % R B A R S B A A TS
IR AR A, (R AR 415 K AL B Y — 2
fEAL R R G537 K 345 B B A] (HRT) A= i 4
RN U0 PG e I 2k A5 R 2 PR, T8Ik %) R
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TR, i) s T il R Ak T L, (W]
hy 2 e S5 A AL B X I 2R A T TS K AL B
e T, BB RS 2237 40 /K A4 5 G 40 oy B4R —Fh B A9 A7
BasAE
2 REHMREFE
2.1 5K R

WL R 5 K A3 SR AL B A 60 7 m'/d,
SR 49. 88 J7 m?, EEMEMR S A X N4
15K Sy Tk K . Horb— i ab B A
J¥R 30 5 m/d, R T 20 HIER A T A
YR #% (MBR) \MSBR it & AAO =% 3, Hi 7K 7K
AT R TS5 K AR B T V5 e ) HE i bR HE ) (GB
18918—2002) 1Ay —2 A FrifE, 157K ML 4ESLBR
HEAKOK B R it KK BT an sk 1 fos . 15K 3
AR Tk R K He i 4 i, L AR 45 DX 8% PN A9 35 K 4 T
WCHE RGeS g A B i, MK TR A T, B8
15K HEZKOK BT s 8K, *H5 K T R g is 17
T —

FA UK IR AKOK B BT KK BT
Tab.1 Recent Influent and Designed Effluent Quality of WWTP

S| pH {& COD,/(mg-L™") SS/(mg-L7") HE/ (mg-L7") TN/ (mg-L™") TP/(mg-L7")

2021 4 kKK B 7.21~7.57 127.90~416. 06 115. 80~308. 75 16. 17~30. 96 18. 82~43. 50 3.12~7.37

2022 4EHEIKIK BT 7.03~7.41 116. 06 ~324. 40 96. 27 ~253. 09 18.76~25.29 23.32~37.58 2.38~4.96
BT KK R 6~9 50 5(8) 15 0.5

T 455 WBRAEA KR < 12 C I AR RIS IR , 48 S MU K> 12 C I fI e AR

2.2 RWEESEITANX

AP A MSBR H ik 4 5 5 2 b 3R AR Sy
12 m*/d, AFRSFH 3.2 mx2.2 mx2. 1 m, R HEL
fb— T ERITTEE R . FARA S AAO W HIT  SBR
JF AR TT S5 e v 4 T AR B 0T A X, LB 2
KD RE , AR 2 7K S 19 A8 AL AR ) s A T AR
3, DAIE I N 2245 3t 15 7K O i S 05 G ) 0 A U8 8 3
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AT AN E] R R 2= 7 JRoK
FRHEA TP E Y 4 5 IRE ST, KR &t 2 B
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TR JEE 1A S TA B/ IR ST S R R R, H
R HICIBI PRSP

I B B A TN 11,27 m’ o 4 SR
AHIEH 0.66 m*,5/5A PIZk B4 ot 0.73
m’ 6 SIFEATCH 3. 17 m®,2 B 4i T 0. 21
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AT R 0.60 m®, 1/7 ST A 2. 16 m®

PR AR/ 48 B L BT SR A2 A U 7K 11 5)
RA, G A oo I AL =Sk E AT L AR S TR K TR
A, 2 RIS A o i e Al 4], ik



woK HOR Vol. 43, No. 4,2024
WATER PURIFICATION TECHNOLOGY April 25th,, 2024

TAl/

ik SABUE Gl

100%

1A

ik Tt

100%

(a) MSBRA- i 713 3 [l (R i)

K

i 1A i T .
U s : » H

Y |—.| sl I__.‘ !
t I | 1
WL sdi [l | ok
[}
1
1
1
1

100%

[ |

(b) MSBR L. Z i it el (47 42
1 WA MSBR 240 R Fi8 7
Fig. 1  Operation Mode of Dual-Mode MSBR System during Dry Weather
HEARSM12.5%~30%

K

K53 12.5%~30%
(a) MSBRA-[fi 738 5 P& (F 240

B
25%~60%

ik

%,
Kl

40%~75%

]

]

i WL — ik
! |

: R l !

! BACTE A :
___________________________________________ 1

(b) MSBRI.Z i it el (F 42X

2 WU MSBR RGH Fi i
Fig.2  Operation Mode of Dual-Mode MSBR System during Wet Weather

— 87 —



o

XUEE MSBR T 2R3 /K ) R 2= a0 A sl

Vol. 43, No. 4,2024
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Tab.2 Designed Parameters of Dual-Mode MSBR Pilot Unit
(Dry Weather)

Wit WiltE
TSI TRRE/ (mg- L") 3 500
7GR AT/ [ kg CODg, - (kg MLSS- d) '] 0.152
15/ d 16. 37
HRT/h 4 FIRAHIT 1.31
5/5A HURHIT 1.46/1.46
6 S U4 BRI 6.34
PREAE L STH 0.42
3 S WA RIT 0.50
1A/TA B/ 448 ot 1.2/1.2
177 St ot 4.32/4.32
A HRT 22.53
LI R KWK ST/ [m® - (m?+ h) ™) 0. 85
FlAT5 I/ (kg DS-d™") 2.4
254/ (Lomin™") 60. 0
WIAUK L 7.2:1
MRS R L/ (mg- L") 2~4
5 8 [l 100% ~200%
S ST A R IR L 200% ~400%
Bk &R E R CRI AL R 50% ~70%
2.3 RIWFEKKEHKBIR

AU R IS 5 7K b B 0t Hh K AR
HIEIK A 1. 0~6. 0 5K g oy 6 D T otk
Fr b ff i, AP AR 2.0 A5 U s 2R
DU 7K RRADAREE R A0 065 s e 8 1 e B £ 5
i 2.0 A B SR R U L R KR B R E S
ARAPLRAE T PP i 300 R R 7Kk T i K K 5 B R A
FE i i R KK T 22 (LTS K A 2

3 AU MSBR il T E BT S8 ()
Tab.3 Designed Parameters of Dual-Mode MSBR Pilot Unit
(Wet Weather)

PaE i wIHE
TG BRI E/ (mg- L") 2 500~3 500
V5 M/ [ kg COD, - (kg MLSS- d) '] 0.152~0. 304
15t/ d 16.37
HRT/h 4 FIRAHTT 0.22~0. 66
5/5A BEHTT 0.24~0.73/0.24~0.73
6 TUFE I 1.06~3.17
2 SR IAIT 0.07~0.21
3 ST T 0.08~0.25

1A/TA B4 E 00 0.2~0.6/0.2~0.6

1/7 57ttt 0.72~2.16/0.72~2. 16

S HRT 3.76~11.26
PIEX R K S 64w/ [ m® (m*+ h) '] 0.85~2.55
P45 4R/ (kg DS-d ™) 2.4~4.8
285 #/(Lomin™") 90.0~180.0
WIHAK I 3.6:1~7.2:1
MRS AR A/ (mg- L") 2~4
V5 R AL B L 200% ~400%
S B TT RN AL TR IR L 200% ~400%

TR A A8 75 D I L

I 15 9 AR AE) (GB 18918—2002) FHHY—2¢ A
B, B KK RN ER 4 B
2.4 RBWARBSWHIE

REHZH 1.0~6. 0 f5 - Z=K Ty ffar 73 6 T
WA RIF, Hob 1. 0~2. 0 7% St AR 0L 52 25 K% ¥ 7
I T8, 3. 0~ 6. 0 A% B fif 548 B R o S 401 K0K
i TOL, fa P 2] 1. 0 f ffer TiisqT,
g B ARl 52 KoK Ty vk o 2 R KR
T, AR R s A, By ik
25 Piw,

100% ~ 140%

&4 AWK MSBR A g Bt KoK B
Tab. 4 Designed Influent and Effluent Quality of Dual-Mode MSBR Pilot Test

WiH pH COD,/(mg-L™") SS/(mg-L™") A/ (mg-L™") TN/(mg-L™") TP/ (mg-L™")
BETT KK 5 6~9 <500 <300 <35 <50 <8.0
BT KK B 6~9 50 10 5(8) 15 0.5

N GES / 90. 0% 96. 7% 85.7% 70. 0% 93.8%

FE 455 R N KR < 12 CH R FshilFEtr o
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Tab.5 Hydraulic Shock Load Test for Dual-Mode MSBR Pilot Unit

WH 1 2 3 4 5 6 7
Fift/(m®-hh) 0.5 1.0 1.5 2.0 2.5 3.0 0.5
i G R 1.0 2.0 3.0 4.0 5.0 6.0 1.0
HRT/h 22.53 11.26 7.51 5.63 4.50 3.76 22.53
SEFTEL/d 20 28 30 30 10 5 20

TR S ] g 0 TR o K BORE 43T, A
FRB) 43 B 77 1% 35 2 B COK ORI 32 7K W 43 B O %)
(CEEPURHEAMR ) . Hir . COD,, RITEH B REN T, SS
R E R, A AR ARG R TN R
TR B A AL 5 AN OB R TP SR AR DLt
3 REERST
3.1 KBRS

FESERE VR A YL 5 |, K T bt i i s T
2022 4E 6 H—11 A%r 7 AN T sEfT, 4t 143 d,

SR RGN R B 3E KK B, 3 A AS R K
Sifita T 2G% T COD,, SS. TN & & M TP 1y %
BRACR , it % 55255 B 2 1 vhil s J5 O VK 2 i

& OB EZLE BRI B 6 % 7 R,

P I ECHE T, BRI B, AU MSBR
A E 7K COD, TN 22 ZUK FE W] Ao 18 31 Ol
15 KAL) 5 e HE bR E ) (GB 18918—2002) —
% A HECPRUE; 7K SS K TP v B ) o] 553 —2% B
HEhR I 38 2o S RCDOE B U8 A TR AR 3 ] s —
Ak B — A HERARUE, X T 45 TS bR 5 AR G

£6 Kl AR E PR
Tab. 6  Operation Data of Hydraulic Shock Load Test of Dual-Mode MSBR Pilot Unit
COD¢,/ (mg-1L7") SS/(mg-L™") HEAE/ (mg L) TN/ (mg-L™") TP/(mg-L™")
N L5 1 Wi S 74
LB WAE (mdenh) HEk ik Bk K K ik K ik K ik
HfE HyfH HyfE HyfE HE HfH HyfE HfE HE HyfH
1 1.0 0.5 302. 60 44. 40 240. 85 10. 38 25. 66 0. 68 32.82 7.86 5.11 0.51
2 2.0 1.0 408. 29 39.76 297.25 11.34 25.84 0. 80 36. 61 9.27 5.85 0. 66
3 3.0 1.5 216. 02 33.43 161.75 12. 11 20. 60 0.97 29. 08 9.26 3.97 0.55
4 4.0 2.0 149. 00 37.60 137.02 13.55 15. 26 0. 81 21.23 8.53 2.82 0.45
5 5.0 2.5 107. 00 44.00 64. 14 20. 17 11.22 1. 12 20. 49 9.13 2.88 0. 66
6 6.0 3.0 98. 00 41.00 59.55 23.90 10. 27 1.10 19. 11 9.23 2.73 0.73
7 1.0 0.5 382.25 49. 85 321.05 13.90 22.01 2.51 32.96 13. 66 5.38 1.03
RT7 Ko AT R BR AR
Tab.7 Removal Rate Data of Hydraulic Shock Load Test of Dual-Mode MSBR Pilot Unit
TH it B i & v ERF
T/ % (m*-h7") COD, ss BA TN TP

1 1.0 0.5 84. 62% 95.29% 97.27% 74. 18% 88.65%

2 2.0 1.0 89. 81% 95.50% 96. 52% 72.92% 87.72%

3 3.0 1.5 84.62% 91.61% 95.38% 66. 98% 87.31%

4 4.0 2.0 74.10% 84.48% 94. 40% 59.01% 84. 02%

5 5.0 2.5 58.37% 66. 17% 90. 14% 54.65% 76. 98%

6 6.0 3.0 56. 99% 58. 54% 89. 18% 51.82% 73.15%

7 1.0 0.5 86. 72% 95. 49% 89. 82% 58. 17% 81.85%
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Fig. 3 Removal Efficiency of COD,, during Hydraulic Shock Load Test
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Fig. 6 Removal Efficiency of TN during Hydraulic Shock Load Test

T —9 A Hesbs e, B AE I AR E 4R 76 10
mg/L LLT, UL JE 22 d K ol A 3B IR 2R 6 0
1HAK T R R AT vp . Btk ER
T BT R IR S A Rk (4 A g Vs A 4801 T DA
RS R P46 5, H 2 KR sh 5 80—
543 K e 5 TG 1k 12 A e A b i B S A b T R
X PR R 1 A AR G0 S AR T 1) B AR R Bl R
R RGN AR TR MK SS ik
L sEm ] TN LR, bl A, fEK
e PR T A b R T SR T S DX ) A AR
il WAV Tl e PR P s i S B DAk 22 a5 Rk i
T R T L oA v i St ok VR A BT DR o o
K SS S, i — R E RGTEK T il A A%
(LN ESIIPS
3.1.5 TP EBRECRMHT

IR ) 45 T 0055 N RGN T TP 19 L BRI
HLANEL 7 TR FEAS SR B2 BRI B0 R, K
TP X R EEAE 0. 5~1. 0 mg/L, % K4 HRT
AR AR AR T A5 R i ) 52 ) 25l A B L i o 7K
AT KRR IR JC R R R MR (VFA) ¥k
JEBRTRE | 22 s FE 7K IR T SOGB4 ik 5 TG 12 4 3R W
AR ; T RGE AR T, W Ts e i
TSR AR MR 2 BT 1 T, 3K th, 2 52 i 1) 2 P 6 TR 4

X AE R SCR . AL, K SS VR Rl K T
Gfar (RGN b TEE K A Uk TP 23 [)
H ETt, UL R ER 80T K S g 4 T 0 0 R
o AR E K TP B B S BR B T [, MSBR
R GEA 1 % [ 300 75 YA T e 0 T S A B AR AR
RS BR ER Mk B | R Tl LT ok T R £ X PR SRR
BEAPIHRIAE T, o nl il DR SR BB UEA T AR B 8 4
I S AR B SR B 1 e e ) 1 B P I
ZAEN (HRE A YRR N R %, it — A
AR RGUAE T 2= vhk S T A TP SBR3 #f 4R
K TP BB R BT — 2% A HECPRUE, T % [& 4l
DI BRmE 1 R A sl i kb e
3.1.6 it s PP I L ITAR

i DL B e vt nT i A o B A K ) B e
PR A 4. 0 R W E L BN s 7R e vk R Ak H
SRR, KA TEYETS IR i S KA, AT L 4.0
57K 1 6 R AR o 2 T AR Az A B s A
Syt G A YR ARSI R R K B 6. 0 KA
F 105K fTiafT, WEESE B 2 i ik 47 5
B ATARAE , 3B ad A & BR, il 2 e Ik 2 40 3
M5 e e B R L 0R AKOK e B b T K IR
ERFINE  HoKFEhR B W 3, s frhase e
IR BRI BR324 W BRI 1. 0 %5 67 e



Hr

KoOHOR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 4,2024
April 25th, 2024

K oK ---—HARRE —o—LBRE

THI(1~20d)  TH2(21~48 d) T.H3(49~78 d)

' o)
0 ! Ol 0 K

TP/ (mg L)

TH4(79~108d) L5 L6 THL7
(109~118 d).(l 19~123 d)(124~143 d)_

100%
o LVH 90%
O
180%

170%

1 60%

140%
130%
120%

4110%

e /d

E7 B TP KRR
Fig.7 Removal Efficiency of TP during Hydraulic Shock Load Test

T, AT, AR EEL T 2.0~6.0 f5K )
i op i 2 J5 , A BE P ek &2 ) ) 4 I A2 1T
3.2 KiEXF MSBR ik & BIiZITHI RN 4T
KERWNET Z R THEZE, FIHA UGG #
1E6 HJR3h, JE/KE T (Phelps ) 2 xCRAR IR B X T
15K AE A B AR b R R AR B, N (1)

K, = Kzoa(’r_zm (1)

Horp K,——T CHRY RN B 5, d
K,y—20 C Al SR 3R H 2, d 7
T— 3 HREE, °C
O— B R B, — M 1. 02~ 1. 08,
MRIE (1), B Z05 7K 36 ek 9 B4 2 By
B2 S 5 = Bt B o= R O S e S S L S
MSBR £ 40 A 4 57 [T 75 ()38 4025 1) R R i) 4% oy
ULVE T 10 28 BURTIS )12 ] e 52 2 ¥ /K R T
T, IR U P AT 355 P 15 DR R A 0 2R R ) A i
B 258 2R 7 1 A, B A5 T I BT T N R 46 L AR B
MSBR R GuHRIA AL 8, 76 T 22452 X A Wl SBR
BT A ICTE A FH |, e IS0 3 X sk T 7R 52 1) %
AT 7K 3 67 g R [ 4 67 ey ] 4 2 2 R R 2. 0 £

AR HIE R, YK R 22 ~ 32 C i, FE W ZRiz
AT MSBR HR A B Al S 8 i i K 400% 1)
RIS,
3.3 % ApEk7E MSBR ik E RN F ST

B2 K T2 B A MSBR &4, 76 %z
AR ROR 1 75 K A T 2 A R T R U, T A
S5C3RE G 2R 0 A 0% P ¥ DR A DR I e U 1) ok e st
Bl 2 UOUE DX I, PR DT UE IX 38 1 A BE 31 35 i R 4
R K e SR AR A FRACR R B A IR, B R FIY)
T B K 584 i ¥ /Kl i MSBR & 4t 42 I B 4
P, DAPRAIE TS G Py 6 it 5505 S 0 1) 5 4 W B 5 e
9 5 T o 2 L 1 AN T 3 K, R UK OK BT vk B T
WK A% B R B, B8 & 15 7K N MSBR {th J5 i 2
N, G5 J () B A< B 0 B [0 A 3 S R % fik -
", 5450 MSBR R 484 i fR AL B A 43 th K
A TG UOUE HEAC, 7T 3k 21 45 Sy BEAR ) H 7KK T,
Ziz 17 X5 H A 3W Ik ( Wet Weather
Wastewater) "> St [a] T. 2240
3.4 WEBITHALH

XU MSBR 1. 25 AT e Jist 5 2% K i 2= 75 7K Ak
ML T THR Y - CEPT 45 7 254 7 15 /K 2k 33
FASY), AT RO A T E 9T S, HJC R s



o

XUEE MSBR T 2R3 /K ) R 2= a0 A sl

Vol. 43, No. 4,2024

PRE AR, 7RI gt A b, A Hh i B HR 5 K
] AP E BT RERE N 0. 25~0. 40 kW -h/m’,
4 0. 18~0.28 Jo/m’ , W = T4 RS M5 e vk H 3
BRI B TR P KR &S
FEMLAF S A K, H R 22452 V5 U [l S WU /7
SR T, ARG AR B Rk | R A AR
(PAC) Je BP9 45 Tk fiie ( PAMY) 25 24 57) , D] I B0 =
MSBR T.Z ML G817 BUAR R T8 HLE R 5 Je i +
YIBL-CEPT %6 T.24H4E,

4 ZiLREW

()RR B, YK Iy pas ffar AT 4.0
AU I, WU MSBR i3 B ml 14 4%
Faagiz 17, K COD,, 3 i 5 ¥k ol 33.43 ~
49. 85 mg/L, =[5 K 74.10% ~ 89. 81% ; 1 /K SS
S8 R B A 10,38 ~ 13.90 mg/L, LR F N
84. 48% ~95. 50% ; H1 /K @A V- Tt e & 0. 68 ~
2.51 mg/L, L% N 89. 82% ~97. 27% ; /K TN F
Yk N 7. 86~13. 66 mg/L, Z=H Ky 58.17% ~
74.18% 5 i K TP V¥ i & ¥ 4 0.45 ~ 1.03
mg/L, B A 81.85% ~ 88. 65% , 4 Wit ik
TYRE-CEPT T.2., il A A4 2% fff U 8 32 ) 45 m) UK
PRI R BRI

(2) fil G Z s K T2 BB MSBR T. 2,
i — LA TE T B b i 57 A B ) B R R, AT X
7KK 7K BT 18 B A R S e 7 A ke B R 2
R AT K PG OLF 16 M U 0 K Rk &
TSR BRFEEE T B, R GEAE 2 D5 KoK i it £ o
J& AT RGE VK . BRI T R R R AL, %
T AT AR TR TS /K AL BT 2R 06 Y A Ak
PHAR T, 0800 B 5 /K s i i, H D32 A K AR B 7 G
Uik

(3) BB MSBR I 2 3ol 5 2= K¢ 7 =45 7K Ak
AT T A B S I, P B R TRERE
0.25~0.40 kW-h/m*, 4 0.18~0.28 Jo/m’ , [N G
BN, L5 5 s 17 AR T8 B M5 e i +
YB-CEPT T A4 4,

(4) hy B DR TR 2= e i 2 T AU 2 MSBR T
K AR AR AT AR iA B A T O K b
15 YW HECPR HEY (GB 18918—2002) H1 i) — 2% A
bR, i 103 o v A% T U Kot 8 AF IR 2 T2 ik —
PR SS TP $8 45 1 J5 B 38 5 75 1& B W 7K i #5 47

(KPR A5 T ML, 1 7E — 2 A B B 3 3% )
T LA R0 5% T 2 P 0 K o4 T U s MSBR T
PO b

(5) AW IR 50 ] R S AERE R,
130T K o ) b T 485 5 2 A TS K AR BTG K e
W R AR s e KT A R G R
i), ELAR 56 75 58 P 4% T 00 B 45 438 4 st ) 4 52 B
RN DI, A6 R — B BRI B 0 2 S B
T A R A 30 R K i 48 13X R 4005 Y, LA K
IR ey AT R R T WU MSBR. T 253z
AT AR5 e B T A5 2P I X 5 i

S Sk

[ 1] FE3ese, sk, 4%, % RES ARG RERRAZ
PORGHRHELT]. A E KK, 2022, 38(8) : 99-107.
WANG W L, ZHANG Y, CAI R, et al. Introduction to the
combined sewer overflow control technologies and standards in
King County, USA[J]. China Water & Wastewater, 2022, 38
(8):99-107.

(2] k4, PVRI, 25800, 45, A i il i U T g DRt 4k b 2
PARMERSEH[I]. HRHAK, 2022, 48(9): 157-164.
ZHANG W, SUN Y L, LI J J, et al. Technical progress and
thinking on high-rate treatment of combined sewer overflow [ J].
Water & Wastewater Engineering, 2022, 48(9) . 157-164.

(3] xIEwe, Xk, EWIE, 5. WA M T &Rk

B EIRG ARG IR ()], PEZAKRHEK, 2020, 36(8) :
20-29.
LIUZ X, LIU L Z, WANG H Z, et al. Watershed management
and control strategies for urban combined sewer overflows during
peak wet weather flow conditions [ J ]. China Water &
Wastewater, 2020, 36(8) : 20-29.

[ 4] Wi, ABEGGLEN Christian, X408, %5 2o 467 E N

TERE MRS IE A E R [T]. HKkHEK, 2021,
47(8) . 125-137.
CAO Y S, ABEGGLEN C, LIU Z X, et al. Integrated
considerations of the four factors to improve and upgrade current
sewer systems in Chinal J]. China Water & Wastewater, 2021,
47(8) . 125-137.

[5] 0k, Reris. sOUHT BTG Ol v Do A A 30 it 1.2
BT[] ESKHK, 2022, 38(10) : 101-105.

SUN W, ZHAO H B. Design of Wuhan Huangxiao River
combined sewer overflow enhanced treatment facility[ J]. China
Water & Wastewater, 2022, 38(10): 101-105.

(6] BEJe, AN, 204, & WK #oKis i
TSR RG], SiokHiok, 2022, 48(10) : 64~
71.

(F#% 168 1)



sk M XA, R, A
V23 Y5 KA H T A B A5 5 Vol. 43 No. 4,2024

T Rt i SRk 2k A R s
AKAR RT3 B BT BE A T

(5) S FIFHTE K IGE R BHBESF2x (LBETR, 4 PR
HEREAT 29353 83. 47 1,4F CO, HEHS/L 218.69 t,

S 3k

[ 1] FhE, EELE. FREM TR K IR 1k RS A 4 S0
WT]. 4hKHEK, 2021, 57(8) ;: 49-55.
FANG K, WANG K J. Development of underground wastewater
treatment plant and eco-civilization in China [ J ]. Water
Wastewater Engineering, 2021, 57(8) ; 49-55.

[2] PBE, KT SR T 5K 8 B a2
[J]. HKEAR, 2020, 39(11); 34-38.
LUO M X, ZHU Y F. Overall design scheme of semi-
underground WWTP at hillside [ J ]. Water Purification
Technology, 2020, 39(11) . 34-38.

[3] fTEM, G5, 2%, % STRHH I ol Kb )&
I, EZKHEK, 2016, 32(4) : 51-54.
HE G G, HOU F, SHAO Y Q, et al. Design of Qingshan
underground treatment plant in Guiyang City[ J]. China Water &
Wastewater, 2016, 32(4): 51-54.

[4]

[5]

KB, XKAR, T EA. 2T T5 KAL) B R B
RACLT]. EZRHEK, 2016, 32(18) ; 49-52.

ZHANG Y, LIU Y D, WAN Y S. Buried depth design
optimization of whole underground sewage treatment plant[J].
China Water & Wastewater, 2016, 32(18) ; 49-52.

FHE. I R T TS KA B I B R (D], 4
JKHEK, 2020, 56(12) : 30-35.

XTAO Y. Study of fire protection design for the first underground
wastewater treatment plant in Shanghai[ J]. Water Wastewater
Engineering, 2020, 56(12) : 30-35.

PRFFI. At R s 7K AL B By W i 2 s K TR R [T ].
HiKHEK, 2022, 58(5) : 50-54, 59.

CHEN X C. Key points of flood prevention design and
engineering examples of underground municipal wastewater
treatment plant[ J]. Water Wastewater Engineering, 2022, 58
(5):50-54, 59.

Zon, WSCE, X, e R AT5 oK) R =S ) B
HIRFE[I]. HoRER, 2019, 38(5) : 34-40.

LI L, HU W H, LIU W P. Design and exploration of
underground space fire protection for an underground type WWTP

[J]. Water Purification Technology, 2019, 38(5) ; 34-40.

(E#% 94 T)

SHI'Y L, BAO H P, LI W, et al. Systematically analyzing
variation of influent pollutant load for municipal wastewater
treatment plant[ J]. Water & Wastewater Engineering, 2022, 48
(10) : 64-71.

[ 7] DAIGGER G T, SICZKA J S, SMITHT F, et al. Marrying step
feed with secondary clarifier improvements to significantly
increase peak wet weather treatment capacity: An integrated
methodology[ J]. Water Environment Research, 2017, 89(8) .
724-731.

[ 8] WA, YANG Chester. H—fUZ H.00 MSBR fEAFA 157K I
WP TR RIRIHL)]. WoKER, 2019, 38(4) : 46-53.
SHEN L, YANG C. Application of multi-unit MSBR processes in
phase IV expansion project of Meicun WWTP [ J]. Water
Purification Technology, 2019, 38(4) . 46-53.

[9] XU, ZalKEE A2/0 +12 B0 IEH T3 i F i
KT, AEZKRHEK, 2021, 37(18) ; 111-115.

LIU J M. Application of multi-point influent reversed A>/O and
submerged ultrafiltration process in a semi-underground WWTP
[J]. China Water & Wastewater, 2021, 37(18); 111-115.

[10]  HFPE, 200, JKK, %, 280K i & wiie A°/0 T2

PR BRBERISZENAL ). B EARAEK, 2021, 37(15) @ 8-13.

— 168 —

[11]

[12]

[13]

LU L P, LI H, ZHANG X, et al. Effect of step-feed on nitrogen
and phosphorus removal of pre-anoxic A2/0 process[J]. China
Water & Wastewater, 2021, 37(15) ; 8—13.

Vg, DA, BERRRE, 45 MSBR T ZER#i——LIakng s
AKARFRT RG], HoKER, 2021, 40(6) : 71-76.

XU Q, BEI D G, CHEN C C, et al. Phosphorus removal by
MSBR  process A case of Wuming WWTP [ J]. Water
Purification Technology, 2021, 40(6) : 71-76.

KAKAR, XNk, 280, 45, IS KA ERT SAE AR Z R
HzAT[1]. HokEAR, 2022, 41(3): 73-78.

GUAN Y N, LIU H B, QIN S, et al. Multi-mode switching

operation of upgrading standard for total nitrogen removal in
WWTP[ J]. Water Purification Technology, 2022, 41(3); 73—
78.

WIE, 88, A0, 5. MR K ik ) 50 Ui il i o 4 ol 1 o3
P [J]. hESRKHK, 2020, 36(14) : 29-36.

YANG Z, ZHAO Y, CHE W, et al. Analysis and comparison of
combined sewer overflow ( CSO ) control in representative
developed countries[ J]. China Water & Wastewater, 2020, 36
(14) . 29-36.



