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Upgrading In-situ by MBBR + Denitrifying Biofilter + Magnetic Coagulation
Sedimentation Process in a Sewage Treatment Plant
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(1. Southwest Municipal Engineering Design & Research Institute of China, Chengdu 610000,
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Abstract: A sewage treatment plant in Chengdu has a treatment of 100 000 m*/dand initially
adhered to the first level A standard of Discharge Standard of Pollutants for Municipal Wastewater
Treatment Plant (GB 18918-2002), the effluent standard of which now upgraded to the Discharge
Standard of Water Pollutants for Minjiang and Tuojiang River Basins in Sichuan Province (DB51/2311-
2016). The current situation of the sewage treatment plant has problems such as influent TP far exceeding
the design value, large sediment content in the influent, and unstable effluent quality. The main process of
solid-liquid rapidly separation + MBBR module + denitrifying biofilter + magnetic coagulation
sedimentation tank was adopted in the design. After the upgrading and reconstruction, the effluent quality

was better than the design standard, with the overall treatment energy consumption of effluent quality only

0.32 kW - h/m’ and the land use index 0.67 m*/(m’-d™).
Keywords:  solid-liquid rapidly separation;  MBBR;  denitrifying Dbiofilter;  magnetic

coagulation sedimentation tank
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1 FHEBL
1.1 GEYE

B HEAE 10 5 m/d (1) Toll el X 46 o X35 7k
L3R T 2013 4E 4 71817, ok HIBE ST M+ A A O+
TUTHD B E 5 AN EE T2 KK B T (O
BTG KAL) 5 Gy HE bR 1) (GB 18918—2002)
1) —2% A bRt , Ab 3K 4 (9. 1~11. 8) 7 m¥/d, Tk
K 5 2 48%., BEAE 2017 4R DU )1 45 WR YT VBT,
WIS e HE PR ME) (DBS51/2311—2016) % A
TG KAL) AT i Tl e XA s K
ACER T HEROPRE o BRTG AR AR BRT K SR AR BBk
B — 2 A bR AR KK BT 3 K A TN TP
BRI oL, [FHA7 S K e v B i 5 S0 < TR
e A B S T IR A TP, DR A T R bR
oy b,

1.2 #f H7kKRR

R4 2017 45 F1 2018 4 (1) g8+ 5, Bl i it it

IR AR B SEBRPEAK K R HE e L 1

Fz1 gtk KRR KR EE
Tab.l1 Comparison between design and actual
influent quality mg/L
eIt COD | BOD, | SS |NH,-N| TN | TP
Witttk | 400 | 200 | 200 | 35 40 4
SCPRiEAK | 269.6 | 103.3 | 329 | 249 | 32 | 7.75
e SEBRIEAKOK TSR 2017 4F 2018 4R SE 4 , 1 95% (A UE
K,

MR 1A LA, SEFRiE K COD  BOD, ik T 5
BEHE, M E7K SS TP i 48 JE % THE

2017 4 F1 2018 4 5Bk KK BT s it
IRARAE T K BRIESEAT X LG, 25 R L 2. X E
B IHARMERT %0, X COD \NH,-N R $#2 5 , HoAv 48
FRAAE o N2 0] LLE 44 BEIH K AR i 7
100% FR1IE % T TP TN A BEfa 2 5 b ; ¢ BT 7K
Fr e, NH,-N BV 7 95% {4 31E R T A fEfa & ik

Fro PR, SEZELTP TN NH,-N £ & ik 25 HE i br
YESEAS YR FR AR 2R ) 745
2 HikkExTEE

Tab.2 Comparison of effluent quality mg/L
Tt H COD |BOD,| SS |NH,-N| TN | TP
SEBRINIK 95% FIES [ 223 ] 58 | 8 | 4.6 |12.1]0.44
SEFR I IK 100% PRIES | 31.6 | 7.7 49 152081
JRe T KR 50 | 10 | 10| 5(8) | 15 | 0.5
B K bR i 40 | 10 | 10| 3(5) | 15 | 0.5
TE: S2BR KK BT 883 2017 4 2018 4F 529 4t , B 95% .
100% 4-3F FRIK ik -

1.3 7FE&EEA

O Pk SS KAV B B, FE R K
Yevb & mE AR, WA UURD Tt ISR B WA R, 0 A1 25k
ZSTH U, e TG KA R IE R BT o

@  BUR AAO AL B B IR N 12,5 h, B
S A5 FE S TE]) O 8 h, A S A% I 4RUBR I, Al Ak IR [
FRARE B AE B I — AR U SRR S 1 Ak v, 50U G 3 i
Ay e AR A ZOR 5 S 48 DA B B RACA 2.5 h,
FAHALRE I AN AL ¢
2 RAFKEERIAFTE
2.1 EitkRiAZ

HR 4 2017 4F 2018 47 SC I #E 7K AK ST, X iz it ik
KK AR TR, K 1 7K BOD, BEHHE &AL, SS . TP
BEHERE &, IR0 4536 b i 1 31 EURE G S B AR A
—EA . PRPREGE BT AKOK B L 3.

x3 &It HAKKRRERE

Tab.3 Design influent, effluent quality and removal
rates

T H COD | BOD,| SS | NH,-N | TN | TP
8 aapii;

400 | 200 | 200 35 40 4
7K /(mg/L)
stk

400 | 150 | 350 35 40 8
7K /(mg/L)
Frscit

40 10 10 3(5) 15 | 05
7K /(mg/L)

91.43

EBRF/% | 90.00 | 93.33 | 97.14 (85.71) 62.50 | 93.75
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&, B FEE e b i A E AR . B TR FH—Fb
PR [ 0 8 A Ak BRAE A 5 Ak, L PR Al
JOK I aek 3% 2 [ 5 (0 B A, SE IR R 4 15, O H
IR AT AP A VA 28 B A T 2L v SIS %
AR R Z — R WK IE AL 0.2
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A B A T R B v AL AR
RS2 TR AR FR A far L b K O 45 B (]
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AT K SR AL RN
2.2.2 HfbBE
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Fig.1 Schematic plan of biochemical tank renovation
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FHA2K FH4H

@© At
1A I AR 268 22 ) S i A T4 R D b R
A AL A=k, (4R K HER BT T 565 5 0k Sl

7K CE% 3 ) ) A 20 AE 0y et e FH B AR R ) (GB/

T 37528—2019) XJ i P4 Fit 1% b 15 11 = B0 ) B <2

W4,
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Tab.4 Main design parameters of denitrification filter in standards and codes

o . , . el N . S AHAR A A/ =R I E)/
HE s A TERHFR 2 L uE T A TERHIEAR /mm | JERHE /| 38/ (m/h) ) ’ ?EE',
[keNO, =N/(m’*-d)] min
A et | AR | N A 3.0~5.0 2.5~4.5 8.00~15.00 0.5~3.0 15~25
SR TRIRUE | ARs | T gz 1.8~3.5 1.2~1.8 2.50~5.00 0.8~1.8 20~30

FTRLE M 5R L 1] 3 A 00 B L R B S il 1
A= P AT EE R R 1 3 A SR R 4 S AL TR
PRUEM , BA B SR A S AL . A PSR
B, A= 0 B KL A X A Db Ut AT AR W A
S BT PH R R RN )R AR ) R A
PR, A7 SERD g R B L AR T HX TN SS
R R 2 R AE g S b e A B AR X 1
Y A A S S 3R R o K Sk
RS

A TR H 55k, I ELBE AR IS 69 3 2K AR X
TN.SS KFRZCR A M. LR I8, B L
A= Wy Wi R R A B A A A 0 D A Sy TR E Ak B Y
FCAHALBTT . (R , FEJE I AT B ALAR 1 mm B AR
T FLARECORT AR RS AT , Dol D 20 A 21 b 1) 0K 2% I

B R WE TR DT TE M o R VIR B8 UL TR St 3
] K FP IR B+ 3R A SR B (PAC) + 3R N M Tk
JHie (PAM) , 2833 TR B 2R B0 TV Il 55 S 1) 2L 0, AT
AT R UCH, RIS AT 8 20 m¥/(m?+h) , L5
T B RDTTE A 6~13 m*/(m?-h)'' . WEIREEDT
JE LR X TP SS HAT FAT 1) L BRACR AN, X — Lok
R COD 48 A — & M EBREURT . A&
TR Bk, Hatk K & — i B Tl %
IK, T TR R (R 3550 e st 5 A

B LEFHIE

AT AR S i Ak A P 0t T TR B DL UE
ZHT, F B AT 78R Ui K H R 4y BOD,
VR SR AR B IR o A 3t 2 BT BT A, Y57k ]
AR E Tt 1 ARG TR DT M, T 2 kTR

Q@  ERDLEM FEo B EOE T AR WA 2.
ok H{ . H LR A % H 2R A 2 AAO (4 — H R B /R 2 AR TR
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Fig.2 Process flow after upgrading

2.3 FEMHYRILITSEH

© s

T2 S A RS UTRDIAL BERARE 10 7 mP/d [
2777 m/d, B DU K 745 B A 11, 42 min
B2 16. 32 min; HrHG 3 B PO B B e B, SR
A A+ S UURD H F BCE 1T, A BERLASE 3 U7 m/d,

{EEREIFIE] S s, JBAT S ) 2. O m, JEATFLAR 0. 2 mm, &L
LEHLTI30. 7 kW, FKIHFER 12 m¥/h.

@  AAO ALt (i MBBR)

A Al it A 45 B BRI I« B A X 0. 5 h
JRAIX 1.5 h B4 X 4.0 h , MBBR [X.3. 5 h {4 IX
3.0 h, MBBRIERIBOA YRR 174 J7 m?, 36
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Tt 16. 5% , BB AT 2. 76 kgBODy/(m’+d) .

B A YE D

Fi2 10 7 m®/d FUBL I 1 A J Ak AR P 0, 43 2
20, 3L 81, B ki kbR A% 3. 0~5. 0 mm , JER}Z 55 i
3.0 m, L AAL 7757 0. 51 kgNO, =N/(m*+d) , B {5 82
B [E] 21. 60 min, 1F % & 3 8.35 m/h, 5 i I§
12. 40 m/h,

@  REREEDTE D

F52 10 J7 m®/d BRI 1 R RE TR B DTIE 1L, 70 2 4%
BARS T AS 13 m, BVEE B BFR] 29. 26 min, IRS IX &/
BFIR] 1. 73 min, B TR 5E X5 B ] 1. 73 min, 22EEIX
155 B4 W (8] 3,51 min, & U1 3E X 322 10 7K J7 7 fir
16. 50 m*/(m*-h) , #5 B B[] 22. 00 min

3 BATHR S
3.1 BERRESBEEEITHR
[ 9 DL 4 S A s AT W M R L i R 9. 12%

107 kW «h/m?®; 53 525 H1 9 2% BTG 456 A6 6 3% 4> | [
BAE B RAAEY S IEF &K T72.31%,
T ol 104, 6 kg/JT m?, ] X AL S8 1Ak 5 it T
W7 373 kg/ 7 m?, [R5 B ke T
NGB H 2. 847 . B B A HE L ok
HATHETFRE N E , 258 B, 0. 2 mm FLAR JEAR X
BB R G AT AR R 92. 99%~94. 95%
HE T, R E RT3,
3.2 H{imfTHR
XoF B T (2018 4F ) M i (2023 4F ) Ay E Y
KK B i A A SAEBE AT ST, Ik 5 s .
R5 BOERTE £ EE | HAKKER
Tab.5 Water quality of influent and effluent of

biochemical tank before and after renovation

mg/L
Tt H COD BOD, | NH,-N| TN TP
X 186.90+ | 75.49+ | 14.56% | 20.65+ | 4.51+
e |HEK
i 37.79 13.87 | 576 | 4.62 | 1.97
i} 12.08+ | 3.63x | 0.74x | 9.44= | 0.262
K
3.98 0.89 1.06 | 118 | 0.11
X 194.92+ | 96.87+ | 18.53+ | 26.35+ | 3.57+
LS
gt 8325 | 40.03 | 342 | 5.63 1.61
5 10.28+ | 3.16+ | 0.28+ | 7.04+ | 0.16%
K
2.41 0.71 042 | 101 | 0.09

AT UL, el Je AR b 7K K 5T 75 21 4 v 4
Jt,COD . BOD, . NH,-N TN, TP 43 5| T [ 14. 94%

12.95% . 62.28% . 25. 41% . 39. 16%, H: ¥ NH,-N,
TN TP B K o [RIE, 45300 H K H8 A (4 F e
o ER .

O e A A I R TS e R A LT A T R
i, LR RS I B, 2018 4F MLVSS/MLSS - 44 {6 4
0.58,2023 41 0. 63,3401 T 8. 6%, A ML &
I B 5 e 00 3 1 AR A, S A T DR A —
ok FRAG B g , 0 22 Y8 v S5 TC ALY A G [ 53
B R (S S U8 R Y TE ALK 43 L B ek
s IR AR A MBBR 240, AR W B IS il
TEPETS e A HLSC A3 I

8 1 5 A= At %) FUE A X DR AR IXC L il AU IXC
MBBR [X {75 I ¥ B, 15 IR 40 R A 100% , P3[R
TN 200% . B3 Z4HPATHE , e 45 -4 an
6 /R o

R6 NS AIESTTISRRE

Tab.6 Sludge concentration of each unit in the

biochemical tank mg/L
BiH | BUBASIX | R | BEEIX | MBBRIX
MLSS 476446 | 4731.68 | 510645 | 5287.81
MLVSS | 2940.74 | 2883.61 | 3180.25 | 3269.54

ATLLE AR i 4 S b B TS IR E A
T 25 5%, Hoh MBBR X35 YR vk B fc e, SR X IR Z
S3 PR, MBBR SEURHE 281 A ) R A R S 4 7K
J7 AR R AWV TR T s v e X
BT P FE G I, AR T AR X N2y 3. 54% . ik
AU TS AR LI, DR T 3R 5 TR MR
3.3 RENBIEITHR

i F A At K B4 S0 BTN AR e ik 4w, 0
WLPBAT AR, SR A TE B A A A 0 A s A
Wi, AR 2023 AE K B s ge it , A Akt i K TN
(7.04=1. 01) mg/L, A5 & 0 X TN 19 £ BR , 2
T AL A= My it 7K TN A (6. 43+0. 92) mg/L, R R
J8. 7% A=Ak 7K TP (0. 1620. 09) mg/L, A%
JE U0 T TP Y 25 B, 0 TR EE DL VE R K TP R
(0. 08+0. 04)mg/L, £ K 50%.
4 HEEBIBITRAMHE

IR AR A5 e s TORE ) 2% FH R 19 738.27 71
JG, VO B A B LA 1. 83 J0/m’, I T4 Uit
FESF- 27 HLFE 0. 39 kW -h/m’; 52 FR Ab B 5 42 Wi A%
1. 46 J0/m’, A AR - X AR 0. 32 kW -h/m’; B
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FHHBFERR M 0. 67 m¥(m*-d™).,
5 #it

A o 5 Ml el DX T K A B )R
— G A HEBObRHES AR 2 (DU AR IR T Ye VLK TS
Yy HEObR HE) (DB51/2311—2016) , HAETE#E K e
Vb B K K KB I8 B RORN I 14 R A5 B ) 4%
o SR FH T R R A 2 A AR A A Ak 3L A i
B RBRRCRS N BT RE R BT
20K FH MBBR-+ S it Ak A 4 006 st + i Y B 170 9 ¥, L
AR A TS VR P KK B RARE L
b BEREAR SR 3 A T A Bl T Tl b X
$Erh S T5 K AL B TR A R AR
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