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Abstract [ Objective] To fulfill the "two zeroes, one upgrading" requirement, a wastewater treatment plant in Shandong Province
must undergo upgrading and reconstruction based on the class A water quality standards specified in the Discharge Standard of
Pollutants for Municipal Wastewater Treatment Plants ( GB 18918—2002 ). This must be achieved without halting or reducing
production and under limited land availability. This reconstruction must consider both near-term and long-term flow variations, with a
focus on enhancing the advanced removal of ammonia nitrogen, total nitrogen ( TN ), and chemical oxygen demand ( COD).
[ Methods | Following technical and economic analysis, and considering advantages such as a compact footprint and stable effluent
quality, the pure biofilm moving bed biofilm reactor ( MBBR) combined with magnetic coagulation sedimentation ( BFM) process is
selected as the main advanced treatment technology subsequent to the class A effluent. This is supplemented by an activated carbon
adsorption process to enhance the removal efficiency of refractory COD. [ Results ] The average effluent mass concentrations of COD),
ammonia nitrogen, TN, total phosphorus (TP) are (20.86+3.31), (0.07+0.09), (8.09+1.16), (0.04+0.03) mg/L,
respectively, indicating stable effluent quality. To address seasonal fluctuations in incoming ammonia nitrogen, approximately 10% of
raw wastewater is directly introduced into the BFM system to enhance nitrification rates. For sudden increases in influent COD, an

early-warning system linked to the activated carbon dosing is established, alongside strengthened source tracing. Furthermore, by
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optimizing the operation of blowers and mixers and implementing coordinated dosing of carbon sources and activated carbon, the system

effectively copes with wastewater quality fluctuations, achieving a reduction in total operational costs of over 20%. [ Conclusion] The

reconstruction approach of connecting the BFM process subsequent to class A treatment is technically feasible ,operationally stable, and

highly compact in land use, providing a reference for similar wastewater treatment plant upgrade projects.

Keywords moving bed biofilm reactor (MBBR) ; upgrading and reconstruction; energy conservation and consumption reduction;

activated carbon adsorption; magnetic coagulation and sedimentation
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SRR DXAE A T A 480 1 0 o 1) B B, AR 1 A Ak
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Tab. 1 Influent and Effluent Quality of WWTP before Reconstruction
it H fegF A (coDp) T H AT (BOD;) HA TN TP BIEYI(SS)
JRBET K/ (mg L) 500 260 45 70 8 400
JR K/ (mg- L") 50 10 5(8) 15 0.5 10
JESZPR K/ (mg- L") 9.2~44.9 <10 0.02~4. 14 5.65~14.3 0.02~0.42 <10
PR THARUHE/ (mg-L7") 30 10 1.5 12 0.3 10
PERAK A bR R 89. 04% 100. 00% 83. 56% 72. 60% 95. 89% 100. 00%

VE A R A KR < 12 °C I R T
ARWARPR IR . (1) T B L35 % BT ix K
WL (2) O A A BB AS BB A5 7= 308™ 5 (3)
HAZBR (AN 0.2 hm?) | FF £ 1948 b Y T 20,
T H e A — 2 A WK T B AL B &R
4t it — LA LT 2 A TN TP . COD 5 X545 hn iy
FBRAE T, DA 2 AR 1 H KK B EER
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Tab.2 Comparison of BAF+DNF and BFM Processes

WiH BAF+DNF BFM
K AR bR XK SS TR EE USRI BN EK SS s AIREE, o xR SS R BRI, KRR e M, TR R VE
IR AR 25 T B Rk, IOV P R i A BR AR
E:) Tk SN 520 m? TR 5 M TE UK 200 m?
VS SEN AR — BN 2~3 m KKK/ F 1 m
TN WEBRE  (C/N) B3R S, — ek 6, 5N FE S A C/NARZE 4, 251 THFES b 0. 12 J0/t
0. 18 JT/t
Yok JpapditE BRI T ZORE K Iy vhdy  fe KA i oK g el e A EK O sha M RESR , SRR s S Tk 2 fF D b, R
1. 3 F5 KT, 75 D0 75 B2 AR e ke, B 4% 9% 5 BFM JH ALY B i 7K ) s
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B, T R R T2 A PR i o 4 ) RN AR A T BE T
HEARE AT i 75K
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TIHMNARTE BFM T. 2% BAF+DNF 1. 221
50% ,BFM a7 A S MK, B T BAF+DNF T.25
oK TP okt — 4 T, MR R K TP A2 € ik
bR, BAF+DNF T2 Hi 5 5 & = AU v it , B T 1
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DISERCGHTEE , 2R A% 18, e R A BEM T2,

X B3 A 7K COD #EAT AT (R 1), K
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(1) COD, RARIE H KB ik b, 7 B R B COD
OB AR IR BEAL B T2, NIl T2 %t e an 5% 3
FIiR o

®3 COD RELEIZXIEL
Tab.3 Comparison of COD Advanced Treatment Processes
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m'/d &t IHHYG 4 77 m’/d WH A EiEE B
BT R e T 2B
F4 itk HAKKR (B4, mg/L)
Tab.4 Design Influent and Effluent Quality (Unit; mg/L)

WA COD  BODs & TN TP SS

Btk 50 10 5 15 0.5 10

Bk <30 <10 <1.5 <12 <0.3 <10

T5KAL BT AR SR A el T2 gk &l 1 fr
N B Fm A BN 2 fis, JRETEKACE T2
PEREAAS  FETG KAL) 55 30— e s i Fogr 4R T
S+ BEM L (- 37 e IR B 3L ) + 2 fioh 30 B 3
JRVG KA BT — 9% A K (BB B oK ) 2o it 2 T
EiEA BEM T2 B Br 4 X B4 IX SR 4F
AX 3 ADIREIX, G A X BB Tt —2 AR —%
A KRR, B4R X A B IR AT R
EAR ISR, o 4 DX 32 B sl e e s it 45 I 5
) COD BT A T 3% COD Fk bR R 5 B
T e Rt 38 A 45 i 35 1 e TR R RS o X A A
COD, TP o W B b i 7K i AT 22 M B, M B i &
TP R AR, WK T35 P A F T ] 3 P e R it , 280t
W RRFARLAT A9 35 1 % 2 M BE AR A3 75 e T s HE
M B BB TP F1SS, H i 7K 282 i I 5 i HE A
ZANRAR . MB AR B3R A i e HE A it e L, T T
WK (&K EE<80% ) J5 A AL FE

VELPAC B A AUALA  PAM AT PR ELN
B1 IEme
Fig.1 Process Flow
BT vl A IR 45 0, s IR 45,
KxFEH 12 mx5 m, ¥4 GHKHARGE G H 1 4),
AN 108 m’/h, HFEN 10 m, hE R
55 kW,
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Fig.2 Site Layout

B BOR A b FARTR 454, Rl 3y 2 4, A
HALIX R SE R 53 mx 12 m, KK I X (& A
X)) [KJsf5= R ) (HRT) 2 1.2 h ] (R4 X (HRT
A 1.2h) J5HEX (HRT 4 0.5h), 5 HRT H2.9
b He AP AR X0 = 2, 58 = G MK, BRRUIX 4
A S SRIFENML 3 G (2 1 %), it
BT RE R 30 mz/min,J)—(UjEj'il 73.5 kPa,yJ%Ej'il
56.25 kW, IHKLEE R 1. 44,

£ B B 45 T fig DX B0 A 5 Ok % R IR
(HDPE) iy SPR- I #4237 SFURL, FLrf i S IX L 8 %
HA5%, R X S R 50%, AR R T
=800 m*>/m”, {4 X 15 B 27 LA MR S B R
T K AT RE B4R X R SRR R S
HORHRAL , B — R X 4 B OREL FHBEFERS
BAGE X IR E 16 &, BRI N 4 kW,
BN 2.2 m, 554K 38 r/min, BAE X IEPEI RN
21 W/m®,

T M e W it Ay b AR B RE ST A T U T
Wit 0=4166.7 m*/h,HRT } 0.5 h, %4 6 EHIRE
WA FENLIF B T MR BN E 1 &, Ih Mg
FEERR FDBUM I FE 2%, B B h P B LD R0
7.5 kW,Eﬁ%%’ 2.5 m,%ﬁj@l 34 r/min,

M Bt Q=10 J7 m’/d, R IEANIR 45
¥ AR R SE R 41.5 mx18.6 m, 47 2 JE 4 20, Big
VO E A 1042 m’/h, IR B RGN 4R B 2L Bk B
HRT 739152 2.0.2. 0 4.9 min, RHFUIIEN HRT N
35.7 min,qzi‘@i%ﬁﬁﬁfﬂil 14.2 m3/( m’ ‘h), wleE
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KR 1000 mm, RAE EHAZH 80 mm, & B
60° , FFZ AR 280 m?,

M B 2 i, A 1 PR B FEAL ()
R N=3 kW) .1 ERMBIFHIL(N=3 kW) 2 5 &
BEBEFEHL(N=5.5 kW) .1 S BIHL(N=1.1 kW) .
1 BRETENL(N=0.75 kW) .1 BFIRI(EHE N
10 m,N=0.37 kW) 2 GRIRAE(1 & H TRV R
EAIGHTFHUIRRFRE; BE Q=35 m'/h, H
H=12 m,N=7.5 kW) ;M BtIL ] 1 gl fig s, 1 F
Pl Ve Hek , A e N iR B 2 SRIRITIERE
(P Q=80 m*°/h,H=12 m ,N=11 kW) ; f2H % &
1 & 15U A A A AU T T e )2 & B

Pk 7 7 R A R AR 250, RSE R
33 mx22.5 mx44.5 m, %31 Q=4 166.7 m’/h,HRT
4 30 min , KARFI M E A 10 mg/L, B A 2 &l
AR 1%, 515 Q=50 m’/h,H=26 m,N=
5.5kW).

HTEDS . FE T EHME PAC, LRGN EHI K}
FIE ke B 55 A DX 1 B3R, K x Wi 16 mx 11
m, H, ZRREINZGHES: 2 B B RAS A 30 m*, &
RN R R 3 A (2 H 1 4%,0=500 L/h,P=0.3
MPa,N=0.55 kW), F5 20 A= b b ke 4 DXt K o 14
BB BB 1 BRI R
4t, PAC Izt 2 )i 25 R4 50 m* PAC 1T 3
A2 M1 4,0=2000 L/h,P=0.3 MPa, N=0.75
kW) . R RETREEDIVE Mt K s s B 1 AN AN, 2

} >
(a) DR
. y
» s &

(c) bl

(A &l

ANBINEIL 1 £ PAC INZYiHR R 55,

BRI RS R ERADEE T T 2R R R X
95000 m*/h, %2 BEOLKALL 1 %),
Q=5000 m’/h,P=2 200 Pa,N=5.5 kW,

LR R M AE SRS 2T 5, Ko xWE R 49. 6 mx
11.0 m, BLFESRHL 5 24 18] 28 e v % e 7K AL
7
WKL % 1 EEARBKAL, b BEREL R 100~
140 kg DS/h(DS R41i598) , EHULN=1.5 kW, H
BAT 12 hy KVFIRGERENL 1 B, N=2.2 kW ; i}
IRl 1 B N=3 kW ; PAM 4> [ 3l & 5E2 i
HEEH 1B GRIBFE 2 5,0=15 m’/h, H=
30 m,N=7.5 kW; g &K/ E 80% LT,

BXBLG 1 3 A ERHAWL(2 FH 1 &),
e 0=30 m’/min,P=73.5 kPa,N=56.25 kW,

T2 [a] . R SARRANIM 2 ERL 2 e, 2545 30 m,
WEBRAITEE 261 H14,0=0~2000 L/h,
P=0.4 MPa,N=0.75 kW), 7E 32 fi 7% 55 1t 37F 7K S
WE RN B 1 EREARINZ R RS,

3 EBITRIRSH

BEE BFM V57K AL B R 58 F 2022 4% 12 J ik
SEUE K S TR PR RS R B AR, LU A Eds
FPET 2023 4E 1 H 1 H—2023 4F 12 A 31 H &4
BT
3.1 ERHEERERER

B BB VR W A KOS R A AR Gn 5] 3

OF 2:1

3 BREFHEERERREYE

Fig.3 Biofilm Formation of B Region Suspension Vector and Biological Phase
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JIT7R 4 DX A O R e A 2 P, e B X e
SR S B LA, T R B e L A AR
SRR, DR R A8 AR
BTN W) R B — B R 100 ~ 200 wm™ | i 46
FERE 3AE A 1 284 A5 1y oI5 3 o TR JRE A 200 ~
400 um'  AY LI E SIEXGFET B BLETR
AR AR T ERENEE,
3.2 E&®HM TN EBRBRS

WE 4(a) Bi7R, BFM R G K 2 AWk E 28
B A PR IR 6 H—10 H K & /U e vk
JERER, M (0. 62+0.41) mg/L, 11 J FF 4k & A
Bk T IR T, — ERREEEIRAE 5 A 4y 7RI
B 2E 7K U R A (2. 38+0. 40) mg/L, BFM &
GrAAE K @ AR EE M (1. 89£1.26) mg/L, i
K AR (0. 07+0.09) me/L, K & A Fa

SEIRE LK IV IShRifE

BIF AR RAR  EK S AT VR FE R KSR g
i S IR AL AN B 19 & 4R AERF R GRS AL RE T, X 1E
J& BFM T A3 Bife, Wige ™ M, B sk Emy
AL AT 1Y & 48 E T e 98 38 BAE GE T 1k 5 e s /Y 10
LA E . BFM T2 7R3 8 37 3 B T By 3 FH Mo
VTR R 05 YK VA BRI H _EA5 8] TR

RGN TN B EBRBCR WA 4(b) s, BFM &
kK TN AR N, 2AFE K TN BTk B
(12.96+1.89) mg/L, 7K TN J5i & ¥ J& 4 (8. 09+
1.16) mg/L, 7K TN £ 15 2 4 K /K IV 2R pr i
A BTN, RASARSCR ke e , i X BT 3
-S4 S AL R AE 0.3~0.4 ¢ N/(m*-d) , B
VAT PR TR BN (Joi &2 538k 25% ) , SEBR C/N L
1E3~5,

B4 SEI TN i HKKREE
Fig. 4 Influent and Effluent Quality Data of Ammonia Nitrogen and TN

3.3 COD #1 TP =B RSH

K 5(a) frs, BFM R4 4243t /K COD it
WeHE K (26.04 +4.34) mg/L, 29 10% 1 i 7] 37 /K
COD B R T 30 mg/L, 24ik/K COD Jii & vk JiF
KT 30 mg/L B, )i B R IE MR BN R 5t ; 24
Hi7K COD Ji 2 ¥ i M (20. 86 +3.31) mg/L, Hi/K
COD FE iR B b FK IV ebrife . Sbrigtrirh, 2
FR1g COD W2 6~7 g Wthmk, 7ob, AT
PERAEH T ,COD WA 10% ~20% £, LT HLIR
BEUTVE T2, nTfE S M B REAS B -1l 2k PR B v A
AR ZS COD A 5%,

WK 5(b) i, BEM REE24FEHK TP ik ik
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JE 4 (0.23+0.06) mg/L, /K TP i & ¥ & N
(0.04+0.03) mg/L, 7k TP % K i & W & K
0.19 mg/L, 17K TP Fag ik B KoK IV Hbnif, B
Wi P W30 R PAC (SR04 10% ) , £
RN 20 mg/L,BEFR 1 kg P #25.3 kg Al i
P TR EG K EOR P2 (ATV) drifErh A 2555 1 ke
P FFE 1.3 kg Al, X FEIE P N BEAE K TP FiiE
W EERRAR , ZLAR R B Ik TP i iR B, Eb ik
0. 1 mg/L, 4 @ 3 3 i 2 00 20 37 372 K T 238 BE /R
Fe AN B R SR = WEAT PAC+PAM J PAC+
WG +PAM Xt FUi 88, & BEPH R ks B A, BRBERL
AT T 15% ,3X AT e ARk B R LA fin bR
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B 5 COD # TP i, H kK REHRE
Fig.5 Influent and Effluent Quality Data of COD and TP

IR s SR ELBEER DA Tl 22 9% B R, T
BT, T LASE B A s sk 25 bR H
3.4 MAEDH

AT H BN 3 045.1 J1 o0, HiEB T WA
H0.24 Jt/m’ . HA LSRR 0.09 Jo/m’, 255 BN
0.15 Jo/m’, 2457 FEALHE TR/ E0H 25% HIAR
TR PAC PAM &M R AR EN
4 BITEEREE
4.1 RXFEFERFHKKRETN

BFM Bt itk ARG —H A K, FEAERE
TR B AR R B S R A TE s TR R
FKZET, BFM i 7K 2 A T i vk B FEASTE 1 mg/L LA
T & W KRR, 05 P Vs T A AL R T
K, BEM K AT v B T 2 2~ 5 mg/L, X
Fh 2= Mok B gl , % 2R GE i Ak RE ) 1 Fe e PR A
—BRER, R 2 28 Dy i Bk AR K 2 R
WREE 5, T PR AT = 2R G0 1Y i A e 7 DR 2% 2 i
IKE R ETr = . R e o5, 3037 45 W By B itk
TER B, e Hrh—4 BEM &4i51 A
EB R R G R K (9 it K &9 10% , P& it
KERTRWE N 3~4 mg/L) RIHFE]H 15 d,
23t 15 d 1994k, SR AL 3 A (DL AT )
0.20 g/(m’-d)#EFE 0.35 ¢/(m*-d) ;5 - Hr B,
S AAO RGE A LIRS TS Ve il fh i 46, 4
K AZKF g ] R 15 d, AAO REGEET
fip SER R BRI AE 2 mg/L A2 AT, RG> 3 KPR
1%, FERFEAIR 0. 3 mg/L, B4 il 5 figf G200 ot 1R B 40
BITE1.7.1.4 1.1 mg/L, BHRME S5 d, MEHA

JREWELE 1.7 mg/L 1.4 mg/L Hﬂ‘, HKE R
A B A ST W AE 1.1 mg/L B, 7K
R TFIG m BB K 7E 3~8 mg/L, 41
BT D PRI ] R Ry ¥ i SR VR B 1) T R SR Gk
REJI TR, thK S Bl K S A i o), R, —
DU ETSUe EIR IS, W HE 2 BRI S
Bl B M BFM RS 5] AR K 1y 2RO
U, AT St T R
4.2 MITREMR COD T

M5 2023 4F BFM #E/K COD %08, & 5(a) 1]
H1,BFM R4t /K COD 24 909% it 7] Ji 4 v i #/)s
T30 mg/L, HA 10% B} [A] KT 30 mg/L, 7 30 ~
45 mg/L, FEE5 K AL B HEK LAAE IE V5 KR
F,BFM H B ER 43 sF B g UK cOD Jit & vk K F
30 mg/L A] GBS W PN HE AT & A MEREf# COD 1Y
FRTAEKSE, X FHERm COD L5k, T
BRI AR R, R, A O e A 3 A 9 P il
25 B T N B R B HE K COD 5% 5 B i HURE 85
BEIETF R T B AR UG 1 e i AL 50 . BEER H £k
200, BLE 23511 4 700,800,900 mg/g FI M A T M e
TR IRIE T R ANT B2 L AKFEIN AR A
EE IR s B | WA T B R i R 9/ S S L 8L
FF 60 min, UUVE 5 B8 W, 2o U8 e 4 0 X 56 i Je
COD A, EE 3 WHCF A, 3R], UE A,
COD Z= SR80 SRty | e 2 7 >R P A 900 mg/g
MR P

fEJG st BT N R s Btk CoD
S I O B B BURE R | R4 T P U, R M
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(A 2 AT % 5 TR B, R T OB K COD I RS
KR, BT N T84 R JOK 55 = F B & K
COD TR | J f 4 P2 A7 A 63 T Jia T 1 e 4%, )
FE iR i KA IR T A

4.3 TIHEPEFEIETE

FEE| BFM F 58 52 bRtk K oK 5 i sh 8 K 1 4
R R R AR R K K COD R R T
AL HEK TP BARSE AR KM REREFER ], A
T H FE LA KR £ B LA £ ; 29
J G F IR PAC PAM By A TG B¢ REHS

X T RAILRIE 1 2%, B047 R B 77 e B FE 4 it
AL 2 (1) 75 SR B HR 43 Bt [ 3 7K 22 60 o dt vk B 4
K, 2 RALAE S AR RS AT B, At Gt o vk B AT 9%
B, U R E 3 — B as 48, MK A
JoT R B AT ATl 2 4 5 2K s AUk B
B, SR A A R XL sl i) 5 X kAT A Bh#
il 5 (2) X8 18 P A P 2, 2SS B E M A
FRAE FH LI F) RS- R BrigdT, H 6 61
PRSI 241 (1.3.5 F12.4.6) 8w I )a , 1] B i [H]
H1h,

250075 T, IR R B 5 RE PR FERS . (1) 7€ B
Be A DX K R A R A SRR T A 3 i
PR AR R SRR IR B Bl , SC BRI HE N 24, Uik
BRI (2) i B UK COD P Fs 5 (e iR 2
PRI, [A] BT i 06 PR e O A P26 5 (3) it
BFM #AGB1T)E, Ji—%% A T. 2 i i wk Be 2y
FI(PAC F1 PAM) 455 1L, 76 BEM 35050 5 B 4%
JPAC F1 PAM, 7 2 [ M % 1) 2E 9 1% ) Ik 35 )
2B TP W H B, AREKE 1T 2586, PAC £ 3t
Tk K FELR TP s HE T B S 45 il s PAM
FRPGHE K 5 FE K SS B Fnise 45 ik B R4 7B
ShifE il s BEA OIS K AT B o) i e
HLEERT A s,

FEFLL B Re AR i, RfL S SR A
20% LA L,

5 FHiEREIL

B BEM AL G uE AL & X —2 A HKE
FTIRBEAL B ) 7K COD | 2 AL TP o it Vi B2 43 i) 2
(20.86+3.31) .(0.07+0.09) . (0.04+0.03) mg/L,
HIKOK B T Hb 2 K IV 2 brife, it B 17 BFM
ARG G| AT 1K T 2, TR AR SR A MR, g
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YRR AR K BRI R GERa R T 5 B AT
P BT 3R] A 8% 25 BR AR 3 wERE AR COD, iR
VETEPER AP E Y, 16 HOA PR JSUR AT 3 1 ¢
T 3 WX KK B SR 3 i X KL A |
INZGAFLEG I, AL BB I 4 20% DL L, AR
JETZE—9 A K HTHS BEM T 2R T 2 B§ 4k nl
DAAE S Ho Al 35 7K b BT $2 8 G IR i 4
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