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Application of MBBR and Magnetic Coagulation Precipitation Process in
Retrofitting of a WWTP with Limited Construction Land
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430010, China; 2. Qingdao SPRING Water Treatment Co. Ltd., Qingdao 266510, China)
Abstract: A wastewater treatment plant (WWTP) in Guangdong Province with capacity of 12x10*
m’/d, is required to meet the stricter values of first level criteria in the second period of Guangdong
Province local Discharge Limits of Water Pollutants (DB 44/26-2001) and of first level A criteria in
Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant (GB 18918-2002). The
retrofitting of the WWTP was facing the problem of limited land occupation. The MBBR and magnetic
coagulation precipitation process is selected to retrofit the original A*/O process in close combination with
the current process facilities. The biochemical tank is embedded with MBBR process in-situ without the
need for new construction. In order to ensure the efficient and stable removal of SS and TP, magnetic

coagulation precipitation process is adopted in advanced treatment unit to construct with minimal land

occupation. After retrofitting, the effluent COD is (15.95+4.16) mg/L, BOD; is (4.97+1.40) mg/L, SS is
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(7.10+1.68) mg/L, TN is (10.29+2.59) mg/L,, TP is (0.17+0.11) mg/L. and NH,~N is (1.24+1.17) mg/L,
which are stable and superior to the design effluent standard. The practice shows that the MBBR and

magnetic coagulation precipitation process is simple, intensive, stable and efficient, which is applicable to

the retrofitting, expansion or new construction of WWTP with limited land occupation.

Key words: MBBR; magnetic coagulation precipitation process; upgrading and retrofitting;

nitrogen and phosphorus removal
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Fig.1 Current treatment process of the wastewater

treatment plant
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Fig.2 Current layout of wastewater treatment plant
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Tab.2 Current design influent and effluent quality and

actual influent and effluent quality in 2018

mg- L'
m H COD | BOD; [INH,-N| TN | TP | SS
Rk 350 | 150 | 30 | 40 |4.5| 200
KK 295 | 140 |35.16 [59.70|4.15| 141
K fe/ME 205 | 13 | 10.11 |15.73]2.41| 90
HEKSEME  |270.84|123.40( 14.30 |24.70|3.36|113.91
JFEK 95% 1FAE% | 288 | 134 | 19.60 |34.50(3.92| 135
Jrisg it ik 100 | 30 20 3| 30
BV S5NIE] 34 15 |19.92(38.88|1.39| 28
oK e/ MA 20 10 | 429 | 6.55(0.23| 8
UK 95% (FAE%| 32 14 | 12.68 |26.28|0.75| 22
HKE 29.72 | 12.8 | 5.82 |12.36|0.47|14.86
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Fig.3 Flow chart of treatment process after retrofitting
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B U EN AR 254 R AR oK IR AP RN A
T ERAARTE B MBBR X, il S il A oK, A At
K U0 TUIE 5 3 ARG IR EE R ot — 25 5Bk SS
K TP, LS AR bR ik br , K IH B8 5 AN HEA 2 94
T, FAT5 e AR K 5 Hhis Ab 3L
3 TZiki
3.1 BURAIBiLHE

AR UK PR O A A FRBE 12X 10 m¥/d AN
FB AT AR A A A R AL B ST,
AT ) T £ O e FEOZ AL BRI A 15, v] 3F
FFE o MIH A .

O  KAEME. 1, BT 0. 94 mYs, i B
0. 8 m/s M5B 20 mm. BEA HLBHASHE 2 &,
FEMESE 1. 4 mo
Q@ KR . BT 2 500 m'/h 5
3385 m¥h, FL/KZE 4 5, Hirf Q=1 950 m*h P
FH145,0=950 m¥h P, Wi .

@ s, 2 e, B TR 610 mYd,
P MR 3 0. 8 m/s, MFSSTE] B 5 mm, SR FHAG FR 4
ALk ER TGP 2 &, AL # 1. 5 kW,

@  JEWUCRP I o 2 HE, B TR K 6x
10*m*/d, Fx KT B 4 100 m'/h, 25 1 11 fiF 86. 4
m*/(m?-h). ALz EAL3 &, 506 XE 2 m*/min, XUE
60 kPa,2 ] 1 % ; Bb/K 3 B 8% 1 55, N=0. 37 kW,

& BERHLG . 1, B E A R TR
R B OE L, S &, PR3 &, 5
£ K& 163~194 m*/min, JE 2% 0. 05~0. 07 MPa, HLHL
Uy 225 kW, 2 HH 1 &5 /hLdl 2 &5, B 5 KU At
108. 5~140 m*/min, [k 2% 0. 05~0. 07 MPa, H HL 3
150 kW, 2 o Bt KA & 29 000 m¥/h, &1
KA 21 000 m¥h.
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© 157 2, B S e 5E B 15 U e
MAEAE PRI 610~750 m*/h, % 1 45~70 kPa,
BR 18,5 kW RIRTGIRE 2 &5, AR i it 23~34
m’/h, 3% ¢ 70~100 kPa, N=1. 5 kW, B3 5 4 5 7
S 6300 ke/d, 77K F99. 3%, it 900 m/d.

@ RO, 48 B NAR 50 m, A RUK
3. 5m, I5RIX 0.5 m, #8504 m, M E4 4
m. PR 6 500 m¥/h, YUHERTE 4. 1 he

B . 18, R (KxSExE ) H
33. 8 mx24. 55 mx4. 9 m, F KK 4. 5 m, BT
6 500 m*/h, Al FEAFE] 0. 5 ho
3.2 HiihpuE

PR A0 AL T 4 8 |, B8 RF (K x B x
55) 9 85.0 mx31. 4 mx6. 8 m, £/ KK 6. 0 m, B JiE
SEHI 1250 m/h, V5 Je B 3. 5 g/L, B B B )
11 b, b RS0 457 B2 I JR] 1.3 h, B3 RS TR
1625 m®; 50 45 B3 B[R] 1.6 h, 5L A 2 5 1
2 000 m*; 4 48 Jth 5% BE AP R) 8. 1 b, PRLJRE A AL A R
10 125 m*., BI5URHS 14 d, i IX 5 11 d, <K
Fb4.2:1, IR HE 200% ., IR A % 7K T #EE 4% 2
B ,N=4.3 kW, 4 H12 2.5 m, B b K Tk
W26 ,N=5.0 kW, H EHE2. 5 m, iF KT
HEDERR 6 75, N=5. 0 kW, I 58 H A2 2. 5 mo Af 4 M T
# gk 1A I AL B A 912 A4, i AU 6~9
m*/(m-h) . WFEMRIERE 3 5, Q=880 m’/h, N=
5.5kW,

FIA AYO T 201 “AO+MBBR” T. 2 )5 ,
PRFFIR T 205847 0 sURAR L B8 A DR L il 40 1)
WA AR, S EN A A 7 429 m® B Ay i 80 (0
Wl 4) , DL 56 2 S i A 10 280 0T s th 2%, ) B i £ X
AL LBR . el 58 R  SERRE4AX HRT 284
F3.09 ho T4 ZAE N A S, I AR A At R
B MBBR X, B 7 a4 s b i A ML Az A
EBRECH . 4 20 MBBR £ SPR— I 24 8 37 2k 4
B E A2 25 mm, (5 B2 10 mm, A R R T A >
800 m*/m’, %5 £ £ 0. 94~0. 97 g/em’, H: K Ji5 %5 i 4%
T 7K, # 5 HDPE, £ & OK A B = % R &
I B PR AR DR (CI/T 461—2014) F 7l bR ifi . 4f
S MBBR 3t % FH 3% 8h 1 1R &3t , J0 75 14 B 4 O 4
FEAS -

T4 A AR S AL R R AR 2R3 3 8004, IR R A
8 mY/ (A~ +h) o PRBRIEAF A 24 SHER AT, TR
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Fig.4 Capacity distribution of biochemical section before

and after retrofitting

3.3 FEHLEERILET

PrbRIFAUE G 1, B s R IR BEDTE M . RE IR BE
PLVEM R 14 30. 1 mx30. 7 mx6 m, FEi% 240, 4540
3 RSt 1R DLTE L L 1 R R IR 4
SNt A 5 PR (RSE 3. 2 mx3. 2 mx6 m, HRT=
44 s) WERM (R ) 3.2 mx3.2 mx6 m, HRT=44 s) .
LM (N SF 4.5 mx4. 5 mx6 m, HRT=87 s) . JLIE
R A 5 R B SR A, IR B e e L,
AL 13 m, B2 M 67 19. 93 mY/(m?+h) , W { %
I ] 29 25. 91 m*/(m?+h) o —35375 Je B2 B
SRR b, v KR 25 8, ) — 3R B xS
T2t wi ok MIUE HE 2 x5 e K R4 . Lk
BRFBREIGQHAL#), RE 165 m/h,
80 kPa, I 11 kW, A8zl , #2150 A3 5 (2 H
145), Wit 30 m¥/h, #7280 kPa, 1R 5. 5 kW, 845
o Rk ISR e 4 = BYHLANRE 23 B L, b 2R
100 m*/h, PR 4 kW, & BT LK #5575 VA TR
A B RFTHL, 60 8 3 0 53 B LI, 3R 0]V B
SN, 28 5w RIS 36 s e 22 05 e K &
GLabH S ANB A E
3.4 WMEUZBRBEAFTEMERELS

REF M (PRO M A S - i B 28T’

W, BAKE R SF R 2.5 mXx2. 5 mx3. 4 m, &P 24 bk
WIH,N=0.75 kW EFE 4G, 3H 1%, 1.5 Q=
500 L/h, P=0. 5 MPa,N=0. 75 kW

PAMBINAR S : PAMIHER 46 2 2%, 1A
THEZE 0=2 500 L/h, P=0. 40 MPa,N=1. 5 kW,
3.5 HEZREAZRE

R TR B A A SR B IR R K R A A
WL BT AT B 1A, RSE o 11, 7 mx1 1. 6 mX
5.3 m, &R R 6 500 m'/h, %74 45 kPa., Ft/K
H5E,\E%E 1625 m'/h, 1 45 kPa, T % 30
kW,4 145,
3.6 MMEEZEER

2 L8R KR M B TR X H 7K 2 K TR R AR SR
e DA R s Ak 8 KRR A 4 T R AR
i, WA A TCTE T R AR 255 K, IR Ikt 4 1a] 5
AT, PRBRBUIR R b S L AR T Q=
20 kg/h 9 AL SR ARSI 4 B 3 145
4 KRR

AL H T 201947 A FF4f 47k , & 20204F
11 A 58 iR e W . Bl i o 38 80 T AR Y 4 s LA
BTl A i A BE , 2ot Je KoK B e mir s T
R BE W AR A, s JR RS B AT — ARk LK
K BTINER 3 fri , A K e B AR B i A (12x10°
m*/d) .

F3 BUSEHE HKKER
Tab.3 Influent and effluent quality after retrofitting

mg- L'

WA= COD | BOD, [NH,-N| TN | TP | SS
VK | 350 | 150 | 30 | 40 | 4.5 | 200
PEAKICORME | 440 | 204 | 65.2 | 74.5 |16.45| 416
K/ ME 134 | 57 | 596 [14.71] 1.14 | 60
KM |252.67(104.12( 20.98 |28.74| 5.62 [192.85
WK 95% R 335 | 155 | 34 | 41.2]9.66 | 304
MK 40 10 5 15 ] 05| 10
K RAE 31 8.6 | 4.94 |14.59| 047 | 10
KR/ IME 6 2 | 003[439|002| 4
MUK | 1595 | 4.97 | 1.24 [10.29] 0.17 | 7.10
K 95% ARIER| 23 75 | 405 |14.16/ 041 | 9

4.1 BUERERESX CODFBOD,AYAMIERT R

Pt 5 22 4% COD K2 BOD, ity Ab B SR LI S
AT H O T H K COD M B R ARG L H ok
PR, PRI COD AN 2R AR R Bl M s o &L S o

o1& J5 7K COD %8 2 i A B AR 29 20 mg/L, H K
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COD # (15.95+4. 16) mg/L, fa 5 1k 3] H 7K HE T bR
HE, R IE N 92. 51%., ki J5 BOD, 2 80U
A7 I db el st | kA DXt 7 Y 3 K AT R T BOD 1) )
H, B0E i 7K BODET AR HE I FR R AUH 2. 47%, 11
i 5 7K BOD, Hy (4. 97+1. 40) me/L, G HR1H
495, 04% , iKHRFEH 100%

500

400
3007,

COD/(mg-L7")

150
s A7 ) /d
a. COD

200 250 300 350

7
i
E
< 5
S 10
a2 3
6
4
2
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B AT [H]/d
b. BOD,

B5 BEfE &S COD & BOD, k4 s B

Fig.5 COD and BOD, removal efficiency after retrofitting
4.2 BUEEXT NH,-NF1 TN B4 ISR

2 JE R GE X NH,-N FITN [ 4 BERLSR an i 6
Fis . B T E/K NH,-N i (14, 30£2. 86) mg/L, H
7K NH,-N 7 (5. 82+3.93) mg/L, b 1 35 b5 K Hy
70. 48% , i 5 #E 7K NH,~N 47 (20. 98+6. 51) mg/L,
7K NH,=N 4 (1.24+1. 17) mg/L, H 7K ik b5 F H
100%., Bh3 5 , E7K NH,-N 80 B4 5 6. 5 me/L
Ly, HAFE b 25 1% 18. 349% st R B it , 15
F YR NH,-N 1Y L BRACR B 000 T 2OGE AT, 76 1 i
HE7K NH,-N 5 55 5 51 65. 2 mg/L K SR BEAE {31E
VIS 7 71 R L i Y1 T e 9 [N S e L
Ja A Akt ik T MBBR T2, i i B I a8 A R 5
SR A UG P Ak 20 A B AR T AT ARG AR A
P T HEERCR, A LB K B AT 523 NH,-N (1)

T iR o 43 S IO V7 280 A A 0 B A [) 3R 3 0%
15 YR UEAT Y, 25 SRR AR W I A AL A
FHXT BN 6. 49% , G PETS AU 1. 03%. HIt
AT H S i BRI D T S T 2 R AR BT
AR IR T A AROR A DL IE T I LR G A
ARSI BT b BE 7, AR R T K NH-N B2
SELY 78

7
0 —a—3fkK
60 —a ik
50 --- K
=
&0
E
z
o
Z
0 50 100 15 200 250 300 350
FEATH (] /d
a. NH,~N
70 ek
o0 g g
e K
50
=
0
E
Z
=

150 200
i fyita /d
b. TN
E6 Bit/E R5% NH,-N & TN foAb 2 s 8
Fig.6 NH,-N and TN removal efficiency after retrofitting

MU AT HEK TN A (24. 70+3. 68) mg/L, Hi 7K TN
9 (12.36+5. 67) mg/L, HibnifEikbnFeh 75. 06% , 2L
1 J5 #F K TN K (30.74+6.79) mg/L, i 7K TN N
(10.29+2.59) mg/L, i /KIKAR N 100%, & 5
AR L PR 3 2009% ASAE , 37K TN B i3 55 2
6 mg/L, 7K TN S 1fii AR 24 2 mg/L, H Kk i B
TASE o B ALBOR B9 K 48 T Sy Sk 4800t TN 5 BR 42
AT LA R, RO S i A ) T 2 G s — A
155 B3 s 18] B9 S AR IE T TN A FRE LBk, AL BE
K C TN AR E ik bR o [, 2O S5 7 47 4
XAFFE TN ZBRILGE , LB 2 1.5 me/L, A7 B KPR
H 1Y 5%~7% , 765 ] MBBR #E47803& 19 T. 20 h 4
40 MBBR IX 5 2 1 9L W] 20 il Ak S g 4k (SND) B 42

250 300 350
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X BRI TR IR AR AE YR BT DI RE R A
MG, I ZE & A AR A TR, 1 N R AR TR IR i A T
W, o3& B A ALTE , I A I AT S A AR
L34l T X TN B 22B5%
4.3 HiERRGEXTSS TP HIAbIERLR

ML i R GEXT SS I TP HIAL FEAS SR AN & 7 BT /R o

450 +*3{:'7JJ§
i /)
350 i l K
T [Fin sl ‘
; 250 y'l ‘l\ l‘l‘" ‘lm‘ll' ':" ‘i | i[l ll“ a ‘ }‘]1 ' ‘l i‘l :
= p 1o 7 e 130 o T e R, R
5 150 AT | IR i JEL U Lk o
£ | % =Y
< 50
£ 10
8
6
4
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s =ik
16 —— 1K
14 -- K ME
12
-~ 10
= 8t =
L 6
E 4
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& o5}
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Fig.7 SS and TP removal efficiency after retrofitting
WEIREEDIVE T 2 M AT, ORIE T K SS IR 8
bR . B AT HEK SS R (113.91+13.29) mg/L,
7K SS H (14.86%3.65) mg/L, 3 5 #E ik #r K K
86. 82% , MUt Jr k7K SS A (192. 85+55. 07) mg/L,
7K SS H (7. 10+1. 68) mg/L, 5 bR FH N 100%, ik
Je R 7K SS 4ol it BT =5 24 69. 30% , HLE shtkde Kk,
L HE 7K R 50 oA s i P S AR A, T+ UK SS — it
PRFFLE 30 mg/L LATF RS2 K S S5 e , — 03 i
7K SS #5121 35 EI 29 90 mg/L, 14 1R BE DT It H 7K SS AT
AT ORFEAE 10 mg/L LA, WETR BEDTVE T 25428 % TR

JE AL 3B TT N X SS ik I RE T, S T AR i8R
Mg 3 i UE K TP Ky (3. 36+0. 32) mg/L, 7K TP
(0. 47+0. 24) mg/L, Fibr B b5 4 R 74. 36% ,
& J5 YEK TP 42 %8 % (5. 62+2. 13) mg/L, H /K TP Ny

(0. 170. 11) mg/L, BAR 7K TP K $2 = 67. 26%,
{HLH 7K TP 55 it mir A I B A, ELSE AR e o RETR
BEULTE T 209818 R G TP LBRACREA T
Kig4e T, HERBERE 4 o B TREREEDTIE T
2% SS AT TP HAT R A7 Ab BRACR |, oK AT As e I
TG AbRUE, AT B J5 2o 1 5 8 i 45 1 U
T AT i s T o A

4.4 ZFaW

AT H % S 7 073, 34 J1 o0, Fa g s fT
W 1] 35 47 HLAE M 0. 25 kW -h/m®, %5 05038 1 32 155 24
15% , 32 B2 o T K ok B2 B s /K b i e, XL
ML B 2 18 i BTG T UR B Ab B 25T 34 i T He
¥E. FIATTIEE N (46. 48+9.22) v/d, 5l B HE A
— 8, RETRBEUTYE MR EE R PEC F &8 (4. 44+
0. 81) t/d, ZLEER PAM £ #2247 (0. 15+0. 02) v/d,
B K (0. 06+0. 01) v/d, 2570 4% fin %% Fi >~ 0. 05
Jo/m’, G5 AR SE A 0. 24 JT/m’,

5 %

AT H R H “MBBR+®EIREEDIIE T. 25" S 4%
AR T LR A AYO T 237, A kit
JR 57 ik MBBR T.22, JCa # A 50, (G A T 25
F14) I T B AT [ B i A s Ak il A Y 7 K o
TR AL B PR C R P REIREEUTIE T2 e /N i i 5%
1R S8 18 520, AR E T SS TP Y & S0k 8 £ 14
M v J5 H 7K COD S (15.95+4.16) mg/L, BOD, 4
(4.97+1.40) mg/L.SS A (7.10+1. 68) mg/L. TN iy
(10.29+2. 59) mg/L.TP (0. 170. 11) mg/L .NH,~-N
(1. 241, 17) mg/L, H KK R 2 P T it ok
P, A T 5 e i A KK R R AR i LR AR
T AR KA AT E 545
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