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W OE. LH7EFEERAAAANFTAK) KA MBBR S/7 1R AF K, AL A %K PR
ARG aa AT, A XIS Eetd 3.07 h ¥m3) 11.34 h,3F 8 X 3% 40 SPR - [ & & 5 84K,
FAKHIGMEL R R, TEREE, EH KRR ARG H LT, K COD NH, - N,
TN.TP F= SS F3415 5 %] 4 35.1.1.10.1.0.4 #2 5.1 mg/L, A Ak 5] (3R4L 75 KAL) 5 4 M Heak
A7) (GB 18918—2002) #9 — 4 A A7/, R P4FRA R E 0 E F LR AL F , T Xk 2 ~5
mg/L 4 TN ; 5k B 5% 1 7127 B 64 B AL IR B IL % TP X ih ik 87% . B %) P ae 4L 2, b %
B 0.095 /m’, R % Y 0.299 o/m’ At YV iEAT R A 0.394 /m’
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Application of MBBR Process in Carrousel Oxidation Ditch Upgrading
SU Peng', LU Hui®, YANG Yong-gang’, WU Di’
(1. Taiyuan Capital Sewage Co. lLid., Taiyuan 030006, China; 2. Qingdao Spring Water Treatment
Co. Lid., Qingdao 266555, China)

Abstract; A wastewater treatment plant in the north China was upgraded from Carrousel oxidation
ditch to MBBR. The retention time of the anaerobic zone was unchanged during the biochemical system
reformation, the retention time of the anoxic zone increased from 3.07 h to 11.34 h. The aerobic zone
was added with SPR-1I suspension carrier, continuous flow sand filter was added to the end of the
system. After the retrofitting, the average effluent of COD, ammonia nitrogen, TN, TP and SS reached
35 mg/L, 1.1 mg/L, 10.1 mg/L, 0.4 mg/L and 5.1 mg/L, respectively, which stably met the first
level A criteria specified in the Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant
(GB 18918 —2002). The aerobic zone showed significant simultaneous nitrification and denitrification ,
which could remove 2 —5 mg/LL TN. There was significant denitrification and phosphorus removal in the
anoxic segment, and the TP removal rate was 87% . After retrofitting, it showed obvious energy and
consumption saving. The electricity consumption was reduced by 0. 095 yuan/m’, the dosing
consumption was reduced by 0. 299 yuan/m’, and the total operation cost was reduced by 0. 394
yuan/m’.
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1T WEHFF

A6 BTG BRI 1 x10* m’/d, i 45 X
BRI 20 km® | 7K A AR T S KRR 4 Tl
JEK 15 K Ab PR R T 200 R4 %€ K ( Carrousel ) 4,
B35 , 0 KA B RUTE It , i — 2B R K
() SS F1 TP, /K Zad T4 # S5 HEW . H KK ikt T
(AT 7K A BE T 75 G Wy HE bR E) (GB 18918 —
2002) —2% B bRifE, 2014 X TR bR kR
BURMAOK R B — 9 A frife, T IR55E
FlNA Tl X, Kb & H 2y 50% ~60% Tl KK
(EZR AR K g 2Lk K) , L H R #E/K COD
TP P sk, v TR B R R 25 A % TS

KSR K T L, 4 (K HEA SR
FOKIE R FERRE) (CT 343—2010) R B2k ok
JRIEAT 75 R ol T B A Py —
JEORJH MBBR FAK 45 28 /K AL 8 AT 20, 18
JEHb RS 4 MBBR .2, Hfb A= (b b i 4544
e BB X 15 B s — A 504
RGBT E SN B . BOE TR T 2014 4 6
H S, A 3G K Bk 21 Cm 5 K A B 15
QW HERCbRIfE) (GB 18918—2002) —4% A Frifi.
2 FEREAASE AE

S 0 AN K K R
1R

=1 BUSHEIBATIZIT LR HkKRREKE

Tab.1 Design and actual influent/effluent quality and quantity before upgrading
5 H Zk%<1 COD/ﬁ1 BODS{ SS/ | ’ﬁﬁ{l TN/,I TP/ |
(m*-d”) | (mg-L7) | (mg-L7") | (mg-L7") | (mg-L7) | (mg-L7") | (mg-L")
JE BT K 10 000 <400 <230 <300 <45 <50 <4
JEBETT 7K — <60 <20 <20 <8(15) <20 <l
SEFRiEK 9332 467 198 203 38.9 46.9 6.5
Jebr ik 8 887 56 12 15.8 5.6 16 0.8

T 36T K R S B i KK R A e BT, REAT
FELUF 1) D ZR 58 52 Prad BEK & 2 438 3 3118
FEf% 93% , COD TN TP I NH; — N 435Il ) J5 %
THHEFR 9 37. 5% 20% 75% FI 11% ; 52 Fr H 7k
NH; - N F1 TN 4 55, R Gehis AL fn I i 4k RE S AS 2 5
QR ITTE M 7K SS 35 o

BERE E 3R LA TR, SR IR $ it ORIk 2R 4
TR TR B — 2% A bR : OF HE 7K K TR IE R 1)
T3 VR ERT A K B @FE TR KB Rl L
SR FH D A Ak it A3 I SEORE Y I 2 I &R 48 i i 4k R
J3 i 3 A G AR Tt 1 45 R I D L 4R T R SR A Ak
AEJT, RUEH K NH, — N T TN 35475 ; QB i 7% 223
uEth , PRIEH K SS I5FR .

i TR T 4% R 90% R UE 2R 4 i i 7K 7K
Jo, KRS AT IR T 7K Ak B T35 G W HE AR
#E) (GB 18918—2002) [ —2% A Fifk, W3 2 PR,

®2 EKITEHE HAKKR
Tab.2 Design influent and effluent quality
mg - L'
IjiH | COD | BOD SS A TN TP
#K <550 |<200 |[<300 | <50 <65 |<7
HKk <50 |<10 |<10 <5(8) | <15 |<0.5
H: SN KR <12 Co R8I

3 KT RBAKKLF R
3.1 MUSTIREBARLE
L5 75 TG K AL TR B TR o B R
S AR 4R s TR B (L 1) o
3t 7K —om LR | (B 7T R |2 10 10

— e : i3 e[ K |
Thg i UL == FUMBBR it | ) S ] O K I
— 1 i et I
RE| R T L
AT T ol i
| I
) ! i Sl R 8

1T Bk RIAE TR AR B
Fig.1 Flow chart of wastewater treatment process after
retrofitting

3.2 HMUEIRAZRE
3.2.1 REIFIREMMBNIET HBIT

B 2R S AT P A 4 R s A L S
A THAGRIUE K K BURAR 4 I, 35589 K P 5 T -
— IR SE TV A Y R, ROTE S 18 P9 T A
AN i, X A I R BT 0 X, RS R ]
JERE AT U 5 4 DM P DU T A A T 8, 44
XA B LR RS, RIER G A 4 A X
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BEHL 62% [XIRAE H MBBR X, #7221k, 3 7E
HEHZK F B R R, K s K HAR RN 1 & 4
KW IBEEEEAI T 4 6.5 kKW 9PN [ FL%E , 3 817
B, RN T LSBT, BB L b B
48042 SR ] 43 B8 %%y 11. 34 10.28 h,MBBR [X.
15 EABTTE] R 6. 4 h, I AU X B PR 2k AR 1 A= AR T AR
4.65 x10° m*, B 72k AL F SPR — 11 BB R4 1A,
HAN(25+0.5) mm, &k (10 £1) mm, HaEHLE
A > 620 m*/m’  F5A Ok Ab T i % R 20
FRERAEURL) (CI/T 461—2014) 4T Ab bRifE! . 151
e BE I 7E 4 000 ~4 500 me/L, Yk N 12 ~ 14 d,
BRI R 330% , B 5332 mi/h, EEE
ESHE3,
F3 EWHRITSH

Tab.3  Design parameters of biological tank

TH B iﬁ/tg 1%5.’3’ it H iﬁtiﬂ?ﬂ%
2/ m [B]/h HiF/10° m
W 9 700 23.22 4.65
IR A& 690 1.6 —
A 4725 11.34 —
SR 4285 10.28 4.65
Hrf MBBR B | 2678 6.4 4.65

3.2.2 st ab i

SR IE L I 2 x 10° m/d it 3%
FAEIR 1 x10° m*/d BE, 5K UG E
o WEWRHAMER 0.9 mm A RECH 1.4
34 AT DD URR IR RN 2 m, e iE R b I A
10 £, g gE Ak 6 m?, B3 IEHE N 8.6 m/h,
SRUEHE R 17.2 m/h, AUEAA RS R 2.7 mx
2.3 m x6 m, BL&A RGN AR TR, Hod
ZEHLHES R R 2. 25 m/min, ¥R 30T ALY 4b 7
154 2.5 Nm’/min,
4 BEGIBATER BN

S TR T 2014 4F 6 H H, BEE G A X i
INEVRER FAEY B AR, KA LA H e
IKETIEIR 2 —2 A HEhn i, 245 C&fdia
14 %,
4.1 COD EBRBRKSHT

U T, AR b 7K COD 4B 467 mg/L, i
JK COD ¥ {H 2/ 56 mg/L, COD 3y & [ R N
88.0% , 17K COD KB4y 4 7E 50 ~ 60 mg/L, ffi
A AR RS . B fe AR AL R GEXT COD Y 5 BR %
A& 2 o

1600}
1400}
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21000¢
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Fig.2  COD removal efficiency by the biological system after

upgrading

Wik J5 #E 7K COD ¥{E 2k 544 mg/L, 7K COD
BIE 35 mg/L, KFRFN 93. 6% , B g R G %f
COD )2 bR 8% SR B 000 1 ol Ao 0 K ot 40
T U X B A, {H COD Ab ¥ 30 5 R [ S T, 4
W22 BRACR AT S BB A A . h e
A LM T A A5 B8 I 18] BE 75 2 — 25 FRAIG /K
COD , ¢ He A= Ak AT 15 U6 ok P PR TR 3R AR SR e %
TE/KIE A 20 °C DO H 3 ~4 mg/L . k7K COD 4 40
mg/L 20, X U480l S /K R AT SiE A RS, 43 3] B
8,16 124 h /KFEHEATINEL, 7K COD 43514 39 37
136 mg/L, COD =R 43K 2. 5% 7. 5% FI
9% ,COD BRI <10% , Ui B H 7K Hp 382 A X [
AU AT, A Pox e R i A DL 2 B
(LB B PR K IR AL AN SLAC T Hi by
AT H W] RE S X A LEIL [FE OS5 . AR
TERRTR AR B3 20 A0, o] DASE IR 4 | i 48 AT 4
R I H AV B B T ekt AR T
PERRIYE A X LRE A A T L BRMERE A L)

Ry itk— 0 B IR B T AR RS PR TS P X COD 1Yy
FBRBR, B s J5 R G0 ) VR AR AR N T P T
Ye AT SBR /NN L, B 7 BRI TR R AN YR Uk
A —2, DA K EIE O JEK 7K TR
13 °C, 73 A 10 h 5, B4 4 3k BOFIME, K
COD y 44.2 mg/L, 277 ARG 14 15 Je T W 1)
7K COD 43517 38.3 mg/L f141.5 mg/L, &7 &4k
(R A ST 36 75 U8, T A R T AR AR A
HREXT X ok i A LA ) s ke R
4.2 NH, -N EBRFERRSH

G AR AR K 24 A E S 38,9 mg/L, i
IKARBIMER 5.6 mg/L, KFRHN 85.6% , )G
ARG AR LBRECR AN 3 Fs . eld 5 Ak
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Pt R BRI N 42.7 me/L, /KR A IIE N
L1 mg/L, KRR N 97. 4% , JuH A F AR ) [A]
HK A BBBRETE 3 mg/L LIF . AR LR
FHLASETY , — 5 T B B 7 AR A B, 5 el
KRR T 1 3R, B8 T REERITEILRE ST 75
— 775 TV P I 7 TR P 5 R 0 o e 4 X4 B s
[ AYSE S, SAL T R IAEILRE ST, THAE T 2k
T, R e 2 X R R 808 R i A s 1

NH;-N/(mg-L™)

B3 MEREURSEMNERNERYR
Fig.3  Ammonia nitrogen removal efficiency by the biological
system after upgrading

RERGE VR R WX 2R S8 TR A A R L (1) 5%
e, 7E 42 R G0 K B AIRET (13 °C) |, 4350l 47 3
15 VR PR A Th R AT, W P e R 2B 4k
M5 YR B B R AR A AL S PRI e 3 45 B
TR 53 30 Ay 48 DX S o B O T, e 23 1 7K |
THBENEOK, FAE 3 HCFAE

T 45 SRR W, B AN TS U8 i 2 AR A A 43
F40.093 .0.039 kgN/(m’ - d), 37k NH; -N
2y 60% HCEEA P L IR AR T A 2 AR IR
AR RCR L TG YRS e
4.3 TN BYEBRBR R T

WG FAE At K TN {5 46.9 me/L, K
TN (K 16 mg/L, KRN 65.9% . ek e A1k
RGN TN W EBRSCRNE 4 Fron. s s A
HE7K TN #4545 % 51 mg/L, 7K TN #43{EH 10. 1 mg/L,
LBREFEH 80.2% o S FTIRIFEENN 2N 16 mg/L
(BOD; If, ZIREN) , & J5 w9 AR IR . R Geek
W, B TN ORI B3 T, 24 3 Jr e
— e R G e USRS ALSCR IR BT, SR
MRS RN SO AL R F SR At 1 SR Al — R b
PR 3.07 h ZEKH] 11. 34 h, [ A B a] &
KAT DA 4 R TG K i s U, i — 2D AR i I il Ak
RN = I RGO G, 5T N 18 ~21 d [ %

12 ~ 14 d, 45 5 15 Ve A R 4 = 1 1 5 R 1 0 1
Heqk 2 45 0 L 330% , TN B8 2 %k
76.7% , it 7K TN 2 11.86 mg/L, SR 2 BRACR
U RIS A, R 77 2 A X nT BB A7 AE R 26 il Ak
Wik, L —JE it MBBR X 7k TN, TN &%
R 2 ~5 mg/L, YIRS B TR EAR 155 S
fii R T [F A A R AL B 16 7= 1 6 TN 25
Bl 3 ~8 mg/L

-+ k7K

90 ¢
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70

B4 BEREURSEX TN WEBRHR
Fig.4 Total nitrogen removal efficiency by the biological

sytem after upgrading

4.4 TP HEBRMRRESH

i AT AR AT K TP $94E N 6.5 mg/L, ik
TP ¥J{E N 1.3 mg/L, KBRARN 80% . HUiEa A4
Xt TP f RERFCRINEL S PR

TP/(mg-1.")

ES BERENRSEX TP HERR

Fig.5 TP removal efficiency by the biological system after

upgrading

WU G AR E K TP {2 9. 6 mg/L, it
WITH 37. 1% , 7K TP ¥4 0. 56 mg/L, L3
H94.17% A Ak K & R EE AL 5, S 7K TP
B2 0.4 mg/L DIR . msUidE A/ & PAC R
AIRIE K IR bR o 0 J5 K TP B g B AL, Hop
— 5 TR D R 2 0 A 4 e, 3 A 3 n R e R T
PEFHBRBERCR s 3 — J7 HE i AT R TP, 3% 22
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i JE BOF YA, IR B K TP K29k 16. 2
mg/ L, G B 7K TP K 2. 4 mg/L, {75 Bf 7K TP
470.56 mg/L, A B B TP 1) LBRE LN 87%
FEAER 00 SO AL BRI G . A HT s 5 A R 4
AT 00, B S R Ab B il I 52 1) 3 2 I IR A 46
PATF 4 N1 — 2 B0 i T DR 6 DX A 457 B s I 35
AU HERFFE 1.6 h, s T B A 1 o DR AR X
) ORP 2fy —300 ~ —200 mV , fRE R4 BERERICR 5
TR AR X Bl 5 B R FE K AT LSRR S il Ak
WAl SE N 740, 1 EL R 4R X 451l DO B8 0.3 ~0.5
mg/ L, W] 7 1R 0 FRROBE i — R kil Je B R4
B A S 7 A5 A 8 TP R A ] 3 B 398 R, e 4 X 245
RUREERE N, RGN AT A 2 88, 48 7 1T
FASAE R RO s PR T5 YR iy AN 18 ~ 21 d [ &
12 ~ 14 d, 5 158 3 B SO AR B i 1 e 35 e e 0
10 ~ 14 d57% (R, w3 I e 4 XAl 245 R0 1O 18
R4 X 157 B8 B R] 14 S 4 DA S Gs A7 26 A AL, £
A X BT RS AR BRI P B
4.5 SSHEBRBRRESH

I RLUTTE LA PAC, B4 15 mg/L, HizK
SS 25 16 mg/L, #b &b X%t SS (1 Z:BRAEL W E 6 fir
7N BRI I 7K SS EHFTE 8 mg/L LR, BH N 5.1
mg/L, % SS [ LBRH A 68. 1% , L BRECR AT, W
JE—2 A bR

24 + =« ik

E6 BUERRFER SSHERMR

Fig.6  SS removal efficiency by the treatment system after

upgrading
4.6 BUSHTIGHERE ZHFENTEL
4.6.1 PR S RY HLAERT L

AT CE T S s S FE R AR ME 4.5
fiime 4.5 aILUE L, Bis pi A= fu i AE fL i ol
0.40 kW « h/m’ , ik3&J5 4 0.28 kW - h/m’, (3
JEAEH I W REAC, 2T 2 R — s i

TR 25 AR H , FEA GRS A A A i AR,
M 1 SAFEIFERR A 1 & N R A — R
JEks 2 ERBILUCH 1 & XML, [R5 S FEH &
TRBEAS 40% . FBEHL M R 0.8 JT/ (kW - h) i, iz
AT HFERIAS IS /L 0. 095 J6/m’

T4 OBEMENRKETERSIE

Tab.4 Main equipment power of system before retrofitting

o H HEDIR/KW| BiE/ A | BIIR/KW
RAA X BEFERS 1.5 3 4.5
B X HE T A 2 6
B X HETR A 3 2 6
FHEHL 75 2 150

RO HEREURFEEEFINE

Tab.5 Main equipment power of system after retrofitting

o H BEYR/AW | B/ 6 | BIRAW
PAAIX Bt FE o 1.5 3 4.5
BRI HET A 2 6
BRI HET AR 2
TR X B 4 1

SNEN A 6.5 1 6.5

KA 90 1 90

4.6.2 Pl IE AR

AR GEBEEFTH K TN O 16 meg/L, kil 0
o4 16 mg/L( LA BOD; i, kU5 H S FREN) , Bl J5
7K TN 25 10. 1 mg/L, TEFEFFINIRIE . s 1wy &
GBI A 43 A, 7K TN [ % 10. 1 mg/L /D
T S BB 30 mg/L(LA BODs 3, B I h LR
B4 LT AN 46 mg/L, 20% L FRHNTE IR 900
JL/HE, SEkERTA L, AT 0.236 Jo/m’ . Bl
WRTAE K TP 2y 1.3 mg/L, & 00T vE W 8m
PAC fRIEH 7K TP 24 0. 8 mg/L, B3k J5 A= Al ith H 7K
TP 3 0. 56 mg/L, & 8 UL HE #L B i PAC ff1IE H 7k
TP<0.4 mg/L,PAC FHNHE IR /D 64% , PAC 45 H&
2500 SO/t P, AT 544 0.062 5 0/m’, 2 BT
44 0.299 J5/m’,

5 %t

O FEREZEREE T A X H Y 62% 1Y
DX I NN B TR AR, 78 A B 4 A Ak B N 3 25 11 15 4L
T, AR E AR o H ), H K NHy - NJTN TP 1
SS A5l 1.1.10.1.0.4 #15.1 me/L, /KK i s
FEIRFN—G A HEhRAE

@ R AR E W SO PR A 4R
T WIS A FRCR 47 R X B2 07 AR B Y
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B, % . MBBR £ & & R 84 3ATF & P o4 A
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RIS AL B G 1R T TN EBRECE

@ PEbRE 5 L bRis AT REREAE ] ., i 9%

W 0.095 Jo/m’, 255 # g0 0. 299 Ji/m’, At
WA BT R AL 0.394 55/m’
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