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(PR A ISR ATRA ], BT 31001652 B a0 B TAER PR 215 TRESARE , VLR R EREE Hl
S G R R ORI E R SR R VLI R AR B B R B oLy, IR 210044)

W OE. ETRritRE M58 ¥ (Sequential Batch Reactor, SBR) 1% 3 I 4= ¥ I )7 v %% (Moving-
Bed Biofilm Reactor, MBBR), #iiL4 {5 /KA #2465 TR, 5% RHE A2 SBRA LB B A

(TN) JBEBRACR 22 1 ),

ZFRT SBRGEMRSEHE K T XAl F I, FEASE K AL B ST Z64F T

W5 5 SBR Mt B3 &y SBRAMBBR S &, s AL AR . S8 5 KK BbR i (aldis Ak ak
RIS Y HE bR E) (GB 18918—2002) ) —Z% A bRifide FH = Wi T4 # 7 Anvle O s K b3
LK 5 Y I HEROREME) (DB 33/2169—2018), SBR+MBBR T. 2064 fbBE TN K i (TP) 19 5554

FIETF A 69.85% F179.3%,

X817 . MBBR, #&br, SBR, Ml Nay, 15K

FESES: X799.3  XEMRERD: A
1 81 &

WL Hi5 KA —. I TR T 2004
B, IR 6 73 my/d, AEFE T ERA R
Wi Bt K BRI AR B — TRAL BRER G (a0 M-+ TR
H ) =TT —SBR % i —SBR jth— 22
L — 75 R E Tt — SR A TR R 8 b — 2 fik 7 5
- Rt EfSE, Kb EgTZ2RKA
SBR .2, H 124 HAEERE 7124 0.5 75 t/d (1 F]
T S I S A, AL T R ARG X A K
FHEP e amEatl Tk R K, AEiETE/KE Tk
JR KB &5 LE ] 43 5 208 80% 1 20%. 2014 5%
TEKALER) ST T PR AR LA, W T AL
R R AEALSE, SR TR (TN) K K&
W) (SS) HIMEERAR, HK/K AR e ik 2 [F 5 —
HARHE. 20184FE7 H, WiLEHG 1 GSTHE

* ks HEA:2024-08-06

IR BT K AR ) v HEAOhR R R o 1)
SR, BRMESIE H B 1 5 ¢ K LA B
WS KA E T IS T HE R AR B, #2022 4
FEASTI A48 B USSR X3 H A AR 1
t S DA E 3 B S K A B T IR BT 48 b T b
CREETS KA FE ) 32 2K 75 LW HE U iE) (DB
33/2169—2018). %) HAERIEITK R LIE, &
T U RURR X I, St I v HE O R o
I8 7E JEBED, GBIt X 2019 4E 1 H—20204E 12 H
KK TR I 04 B, 6 BRIV bR v, K
CODc~ 2%~ SSAH K Fi A 35 36 2 HE il oK
S T AR E R #R 0.3 mg/L,  Hi/K TP 32231 HE i
R BT ARESE AR 12 mg/L, /K TN &
ZEA bR A, g5 H 3 HKFEAR BT K I,
SBR X V. 5 e U B 2 %A 9 28.52% i Ay, H
Ji B ROCRAE A ZE B R B A ARE KR Ar

EEWEB : V148 ARSI (Fi4'5 BK20211286).
RN R E (1976—), M TR, FEMHA IR TARIA (Z5HEK).
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24 SBR H /K TN IR BE R FRRS, 5 /K AREE) il 78
Je Uity S5 A A T R TR Ak B, A ER R HY
KTNIEFR . RIEBITHURAT SR, B &=
BEAR, SBR AR Bl AL T B (o 8 B B %
R<4%), SAH A BE M R R 0, Ak
G BRI 45% (TP ) bR
35 BB H KK AR, 2 AN S e 7 v HE
FARSOE TR, B AFAEHEBOEAR 1 XU .

7 1t 23E P75 Y6 7 (Sequential Batch Reactor,
SBR) A& HH AL /N, T2 M. &7 7R
OGN A, EAE% SBR TEEAND . A
BEILAE RS DL R, T RO A R S R T R
W B AERRIR 55 4, HLRAAb . Rk B
B TE A — it 9 58 G, B0 80 R Bl a0 R A A A
f, R oidk SBR T2, il A Ak ik vk it
TP JE DB m A B 2B UR © o A 2
TR R BB R AR W N A
(Moving-Bed Biofilm Reactor, MBBR) . 2 ifl
EOM RS, RS RIES - E
BRI ARG, BAMEA G . P dibe
SR AT RN R TSR3, OIS K
AP TR AR OE I F R L 22— 23, Y FT g
PVS - IEE & T2V R £ TSR
IFAS T. Z 1 A°0-MBBR I. £, MBBR & A
SBR A HATA T2 a7 TAE B 822, X
Hg /)N R Z514% MBBR+SBR T & N F T~ F€ 4 Hb X
M5 K AR ER ) TRk, % T8 KA —%
BAr#ESRE T & —H A brvE, HEEDHLNHF—
S A BRTEESE T 25 28 HE DU 2 1 W7 T 1 2% HE AOb 1
W TR HRE.

A THEAHTL R 5 /KA BE ) SBR 20 T2
(122 (5 K AL B ) P bR s 2k mlt, i i\
MBBR .2, £ SBR+MBBR, k44 i &
PrufsicR, IR AT KAERES, N
S 5t 20 o 18 T BB EL I 184 FH b 19 52 1H V5K
AbFR ) G N R IR TSRS

2 RIFHIEARR

2.1 EIH IR R | KK R

ZiG KA T R AL LA 6 77 m¥/d,
GEA TG KAL TR TIEEBR, 2017—2020 452
br 4b ¥ B 2y WO~ 18193, 2056.3. 2048.0.
19634 t, CIEMTETHHAT, g Ol T is

17, 202049 A HAH & CLmik 6.7 Jim¥/d. %
JE B = A TARG Y 250 8 3 7 mP/d B AL BB
e B T SR AN AT 2R G v W A AL B K BN A
B, BRI AS R bR TR LR N 6 7T m/d.
MR Z 5 KA B SEBRidE KK, B 80%~95%
PRIE R KK BB AR EAT 2007, 8 AR T
Ht KK . HoKFEAR BH— 2 A bR 42 T+ 2= i
TLA8 M7 b CABTS KA 3 25 e 4
kR #E) (DB 33/2169—2018). #it#E. HiK
KR TE R 1.

FT1 BTk KR .
Tablel Design influent and effluent quality.
HHY)  COD,, BODs NHi-N TN TP
fEts  (mg'L") (mg'L") (mg'L") (mg'L") (mg'L")
KT <370 <180 <25 <40 <6
HZKAKR <40 <10 <24) <I12(15) <03

22 RIRMEIRERES

() B RauhbH#ae A 2 FBUSKERTE
BEWN, EREMIRE . EIENRIERE ) Mis
AT AT SEPERRAR . TG KE M 1)K & 52 B i i
e MR, 5 91 RS e /.

(2) SBR N EEF 10 SRR BESE A, 45
A s M R AR OR . S TR S TR, SOE
A R GAFAECR WK s gy, oo
57K ANBEFE = ARSI

(3) Bl AT SBR 4bH R 43 i % B B BE S AN A2
FAEHK TN AR, | XI5 MKRZRGE AR
HEH, 5 A P R R Y8 TSI A
TR, B 2 A TS Ve AR AE AE It P T SRR RS F)
AR

(4) ] X [l 43 e Bl Py m ) A R s B3R HE
ANHEI, A 6 39 A2 $E b TR AH O 0 e 2 4 1
7K.
23 RIFHEBRREIZRE

TG, T A O bR A RO K
TN. TP ¥l ZR m T 5 it, TN TP Kk
FERA AR, HIUA T2 TN HERE 1 i 5h i
B, RHAELTIRT TN ARHE RS .
W, AR TREBARAIEK SR ) BODs/TN S8 SBR
FIGTG P AR TR HE (0.025 kg BOD/kg MLSS-
d), M7 SBRAEME AHARR, FEURHIL
PEMATAE L Afr ik = 198 . B fe, SBRAEW)IE
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BT A T D T Bl
(1) %105 TP R A SR 1 A, 2 L7 gy LERERE | |\ WGP )
A AU M 1 % A AL 4R (Polyaluminium %rﬁﬁﬁﬁ\\\ /
Chloride, PAC) #thn# . ‘gﬁg* —
(2) X0 BLA A BE AR Z= 719 15 3 5 3G BTN -
BRFRHCH B, o3t SBR A ALELI TN iR e
O, B TN BRI KU, KB 1241 sl
SBR 1. Z iy SBR*MBBR L. 2. R
HRAR, 4 W ) 95 K AL B R B A7 . e R
I B . RREMEARIOT R, Wt 1241 SBR L S

WAR OB 08 o 75 B SBRIBGE BT, 9
TRAUETG KA B . AREAR, 7E— I
FEANE, KBS = HITHE R AR,
FIPpFEAEE . B AL A T,
JR] R RE Gy K A B A R R N R A U
7o TR, 25 REAH SIS K I I A BE 4 At 5 =3
TAERIKE I, #ORAEY A TR BIIETG
AEFRHE . & B2 HE SBR th 24UiE 11 T3 Al B
J¥, kS K E I St R, i LR AT 2
5 SBRIB IO B i, Ad I /K 2608 &2 = gk
KEBKH, REE4S0E T 2460 B
Br, W AR SERs TARR) T2 E 1R,
24 WARIEIRIEIT
241 TLTZidk

LA 12 44 SBR T. 2 203 v SBR*MBBR
T2, Bus R UK SBR A Wit 47 ki, R
RPDIRIEFE X . F BRI AEAE, EF RN
X #11% E MBBR X, JF7EH Ak E B AR
BRSO OKEEB R G, Br kYR BE K
TR PRUIE PR A VIR AR A0 1 DR T B
2 FEAE IR A R THT I PR B T R T B U2 o

L
WHEMSY  SCERSY
B b TREAHE T ZRER.

Figure 1 Process flow chart of upgrading project.

SBR+MBBR R4 & it FE S KMNHEAH
HA32m. FF5000 m? ANEE, SERHERLR
AR =400 m>/m?, F= 4 W) 1 Ik I8 T R B8
BEAT S (H A I <0.05 m/s), G X LB —
RN 38%~40% o ¥t PN B % A FH iR A I 4 g
AAEE . BASEEIE2 R, Sk RS RATE
B2,

B2 SBR+MBBR it F- [ i B ] .
Figure 2 Layout chart of SBR+MBBR reactor .

#*2 OEEEE.
Table 2 Main equipment.

e 2% TR s S5 o
1 MBBR % i 4% »=1000 mm, N=5.5 kW 365
2 HHKEH RS AR 304 4 i 128
3 HEIK A 0=1245 m%h, H=2.26 m, N=1.5 kW 126
4 MBBR J# £} B R LR AR =400 m¥/m?2, B R/ i 1830 m?
5 S it JERERR S 12%&
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242 LW RSN

LR B AN SBR S B vt 5 ik vk 32 47 HA N
6h, Hoit/K1h (L KDES), KMN2h,
PIUE 1.5 h, HEZK 1.5 he 7E SBR ot 38 i S il
WP PR fE, KB B AR

VA RE RN A RT3k K o B i, 32 KR ]
AR, G E 1 h, YUELh, HEK 1,
A RAEAG IR, $2 e TN 2 FBREE T
X FBIEAT AN, ZH X R 11 H R & RAE
3 AR, AV BKIE<12°C, 5T
AR R R ek gz, A RRVE R, TROA
BIZATI A, RS 6 h L BB, fEAFY
LA = 3 TR I P b 3 B R TR 0 1S YR H
% SBR R M, $E G Ve UTIE AR, b
UUUERSE], E— g m R A TN 1k
AeJ1CA M R4 R 7K b B 5
3 BITHREEFSM

2022 4E 12 A $# b5 TRESE IR RN,
SBR A= 1k B H /K /K o 3 FR A TN $icdis i & 3 B
o HEbR LFE SBR J M #% TN Bt i 246 i J5i ok
() 28.52% 72 47 $2 T+ & 69.85% A A7, HLBBR 2L
REEXTHELE, K& MG S HBEE XE
BRI, 780 IR IR T SO AL BT 75 1 R AL 2%
4, FF MBBR &7 R} € 3 & S0 H Ak
YN, stk TR AR DA TR A B B
(17 A A4 8t P B AR I B B R B . iR 2
ITBCR AT 5N, EREM M ARG+,
SBR 4= 1k B & Sz i A4, 368 vl B3 114 Jid 23850 % o Lk 4y
N 85% A1 15%, 5 M HE 156 T MBBR Jiit &
AR FEF A, IF HSEB T A A0 BB &0 2 TN
HEBARE o

TERBINL B 25 7 5 L, SBRAE
A B K K i 5 B4R B TP $is an 1 4 B, 2
i HI P 2433 K TP N 2.86 mg/L, P H/K TP N
0.81 mg/L, V3 %R ENT09%; Ki&)5,

22.5F o S TERTN
200F = = MK TN
A = o LAMGESE KN
175 _ -
=) -
DISOF .
E 12.5F ‘A A a a o
100F 4
75F A A A
A A

50 1L 1 1 1
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B3 HKTNAKBED.
Figure 3 The statistical graph of the influent and effluent

concentrations of total nitrogen .

2023 =P #HE K TP 7 3.05 mg/L, “F¥JH /K TP
90.63 mg/L, VI EERENTII%, KEREF
ELHE Tt 8.4%.

40F  m = JEKTP
35k " ° s K TP
" . A it I MoK TP
3.0F .
Bzl . "o
\ED 25 [ ]
= 20F
=
15F
1.0r d : ° ° [ ° ° ° °
05k A A a 4 a4 & .,

1 1 1 1
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Figure 4 The statistical graph of the influent and effluent
concentrations of total phosphorus.

4 FAREFHM

% SBR+MBBR L 2 it 31 H & £ 55 494
1900 737, i H ™G, HEEIBAT AR N
0.024 jo/te H 5 & M A& M5 e ik AYO
(Anaerobic-Anoxic-Oxic) M M & ¥ & M #
(Membrane Bio-Reactor, MBR) 7E 17 B{i5 7K &b #E
T AR 0E H B R Z 506 L 43 B L3R 3

RT3 HARZEFRLL.

Table 3 Technical and economic comparison.

HLE TR H EHEIEREE AYO SBR+MBBR MBR
DALY S & %5 gy 150~200 7¢ 300~450 JG 1000~1200 75
i Hi T AR 7000~8000 m?/ /3 t7K BT Z52130% /N
BARIEAT A 0.04~0.05 7T/ t 0.06~0.08 7T/ t 0.7~0.8 7T/ t
BT EIR i LIS e
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(1) 15 7 HEBCH AR $E b 23 T AR b BEHAS Sy
6 Jim?/d, %% SBR L2 A4k P [l FEAS AT %
TN BiBr R Z W A &, KA T SBR+MBBR L.
2, B RAEA IE B AR, AR
ARIE R R B E R, IR E
RWREE. ARG TR, B4 75K
AEEETT SBRAEAL B TN I R 2Bk, FRAK T )5 48
SAEIEI BT AR BT IR 1, SR T RR
EARHERE $eARIE KK RARHE R CEET5 7K
AbEE TS B HE bR 1) (GB 18918—2002)
[ — 2% A BRESR T ST A MO bRl (RIS K
AT 3 BOKTG R AR HE) (DB 33/2169—

2018). AR U AR E A B 2 /K b 2R s St
AT, 2488 7 A A A B R 40 10 I AT
71, SR SBR LEAEAZEHK TN BRIk
(0] R, AT AE [F) SIS K A BT H AR 5o I H
J7 A

(2) SBR+MBBR T. 2 7E & fi fif « & KR
RAS AR BB IR 015 150 B K 42 )5 SBR
B EBR TN RE ST, AEVIBRBE I RE Juns A 3
K, NHEKBRE AR, SR EkZ RS
KAEE ™ T TR SIE R T AT R T 1A

(3) SBR*MBBR T Z A5 BN 2487 77,
N — 2 AT A X B LS e 2 BA 05 I T AT
A ERE A A NS R R R ACR, BTk
BUG KA B Bt e RE 7T .
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Technology and Application

The Application of SBR+MBBR Process in the Upgrade and Retrofit of Total
Nitrogen Standard Improvement in a Municipal Wastewater Treatment Plant

TAN Jian-guo !, ZHANG Peng-xiang ', CHEN Xu-bin '*, ZHANG Jun !, QIU Hui ?
(!Wuchan Zhongda Utility& Environment Investment Co., Ltd., Hangzhou 310016, China; *School of
Environmental Science and Engineering, Nanjing University of Information Science & Technology, Jiangsu
Provincial Key Lab for High Technology Research on Atmospheric Environment Monitoring and Pollution

Control, Collaborative Innovation Center of Atmospheric Environment and Equipment Technology, Nanjing
210044, China)

Abstract Based on the sequential batch reactor (SBR) and the moving-bed biofilm reactor (MBBR), a sewage
treatment plant in Zhejiang Province has upgraded its standards to address the issue of poor nitrogen removal
efficiency in the SBR biological stage during the winter. Due to the limitations of the SBR tank structure and the
available land within the plant, the original SBR tank was transformed into an SBR+MBBR reactor without
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constructing new water treatment structures, thereby enhancing the nitrogen removal effect in the biological
stage. After the upgrade, the effluent quality was improved from Class A of the Urban Sewage Treatment Plant
Pollutant Discharge Standard (GB 18918—2002) to the local standard of Zhejiang Province, the Urban Sewage
Treatment Plant Main Water Pollutant Discharge Standard (DB 33/2169—2018). The SBR+MBBR process
increased the removal rates of total nitrogen and total phosphorus in the biological stage to 69.85% and 79.3%,
respectively.

Keywords MBBR, Upgrading project, SBR, Steel tank reactor, Sewage treatment plant
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