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Application of Integrated Multi-Effect Clarification System in Sludge Wastewater Treatment
in WTP

XU Jintao, ZHANG Baohua“ , LIN Liang, HUANG Zhimin, ZENG Juexing
(Foshan Shunde Water Industry Holding Co. , Lid. , Foshan 528000, China)

Abstract Most of the newly built sludge discharge facilities in old WTPs face land scarcity issues. In view of the water quality
characteristics of large turbidity, high degree of coagulation and good separation, as well as the treatment goals of sludge wastewater
content less than 80 % and supernatant suspension not higher than 50 mg/L in a WTP in southern China, a WTP adopts an integrated

equipment treatment process '

"integrated multi-effect clarification system + belt concentration dewatering". The system optimizes the
coagulation reaction zone and sedimentation zone based on the characteristics of sludge wasterwater to improve operational efficiency,
the project operates stably and reliably, the sludge moisture content is less than 65 %, and the supernatant suspension is less than 15
mg/L, which has the advantages of low investment, small land occupation and good treatment effect in the same type of project.
Keywords sludge wastewater high-density sedimentation tank integration thickening and dehydration clarification system
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2 T ERARREL
2.1 HlkKBRER

JFOKER E ALV fE K 8 | KK ek 2K
VAR =, A A R R PR R AR AT B b 3K 1T
FK BT M K PR B B S AR 1) (GB 3838—2002) ,
HABFEFRIF G 13K T 28K, KN 15~29 C,
A K 0] i SRk e 2 B ARG

PR L, JEOK AT S8 i RE 2498 20 NTU, HY 7K i 2
CHEISTRHK BARREY (GB 5749—2022) YK,
2.2 #HIKRIZRE

K= W TR YR B E SR A M
BN+ PP TTE+V RIE I i F B 7= T2 i
YR B & A A e B 4 A U B 43 B0 0. 8%
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Fig. 1 Process Flow Chart of WTP

2.3 HERKAEEXR
AR TARRAL PP K 29K T HEDE K , Beit HEVE
JKER 3200 m’/d, BT R 19 200 ke/d,
B KK B 58 S KR ESR Ik 1 s,
R BT HK B RTG REE R
Tab. 1 Designed Influent and Effluent Quality and
Sludge Requirements

i H HEK 7K sk
SS @ K{EH<10 000 mg/L <50 mg/L
FHI{E <6 000 mg/L
75 IR K g T =2 000 kg DS/h WK TS e 5 7K 2 < 80%

2.4 HERKAEIZRE

IR HE = K 32 B N T TE Tt HE R /K
PEh R kK e g S KK B R K
1 50% LA I B 5 [ 23R — R 0. 02% ~0. 03% , {1 H
HEJRIK 2 [ R 10% ~ 20% . K 1935 17 B0E 22
B i DR K e B 5 100 T 9t S e /K mT AL
U RSS2 T2 B H /KK B $8 s 1 i £ T
St BRI BT 5T 2 W HE VR K B4 A R
FHGETREE 12548, (A 5T AR SR 3k B2 JFUK
H AT ZEAR TR G /K T B L 76 HEVE /K = B H ke
T, KN BURE 7 T | /DS B W 22 Gy 21 40
(PCE) FIERHZK i DNA $5 73850 ( SOS/umu ) 454
B4 B AP AE— R K B2 A R

K TR BRI T WA 7 R K R G AT

B/ = s I P =Y B B < A R A
sk, AE i RE ORI, R, A P R K AL B R SR A
AEFHT XA M 5 H 24 40. 5 mx30.6 m 1321 ff
A TR

PRI, 36T /K S o P b B i) B 22 55 4 R L ik
LEA R HHEG K 280878 T4 (B 2) + Rk
KERERANTERE,
3 IRigit
3.1 BiEHE

AT H i — A e R KA R G, R
(VA RV | BT i TE < 9 A VA LA > 3 O
B Nt RO b G HEVR K . e AR R KA A
TR G MK Bk R G0 — Ak = o i
RGE 5T M5 RBK R G BB N2 R G0 %
A ARG, BARE 3 i,
3.2 Eihikk4biE

S B AT T 25 A% O S 7 A 4 ] [
Ll , hskiE g 0 .25 3R g0 it o £ 17, AR 48 (5 40
KB FRMEY (GB 50013—2018) , 81 FH 7K H: A i
AR AR Y 5%, DRIk, 3 A O S S O I
BV /KA RN AH I (1] FH A 38 B AT S B R o v K B %
EPEEIS
3.3 HERKAFERES

HEVRK B Wi AR A K, 2 5K AR T 2R
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Fig.2 Process Flow of Sludge Wastewater Treatment

PET&E TR b 98 3 32 7K A 38 B A B AT Al
R M AR R B 3, I 7K 22 98 b 4R T A 0k A — 1A
2 HETE RS
3.3.1  HEKAEHIHE

% M 15 KL A A A A0 A 45— 2L, KA A
T ASMTE N 1 m, HROKIEH 1.5 m, H}
2RISR 10 mm 22256 F B2 90° s A& B 0 T2l 42
TS, FERE N 1 m  EARIEIBRA 5 mm, 4l DA HL Bl
FEEETHARAN . A IR A R T U £ 3 % £ A
G SR AR EIBTT,
3.3.2 JRAKEAT K nl K

T — ARt LA T K R K SR A4 254
A R, RF (K x BE xR ) 2 25.0 mx13.1 mx
4.0 m(ARKIEN 3.7 m) , AREFH 1150 m?,
W i= 4% , I B2 85  ik 4 B KB+
P ECE KB ORE 3 B (2 A1 %5, 20) , g
Q=300 m’/h,H=15 m, [FEFEE | GI500HETT,

B3 HFEKAL RS S A

Fig.3 General Layout of Sludge Wastewater Treatment System
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Fig.4 Technical Structure of Improved High-Density Sedimentation Tank
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B JE A ARG ZEE I N TS RV AR RV R 5 YR Rl
FILAFEDRRRIT, AW HRH 2 EIFRN RS
W%, K AL FEAE 14 300 m’/h, BAEE R G A
wr,
3.4.1 ZEERIX

U IV IXOR R i AR e i B R, il
UL SRS R G, AN 2286 | [ml 3 T e AnHE
Te KT 785 M R A AW AT 3N , 12 i fi 41
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SFRXTEXTR) A 4. 2 mx3. 3 mx2. 8 m( HRUKEN
2.54 m) , SZBRAEE A I ] g 14. 08 min , RV IH 171
74 10. 82 m*/(m*-h) , #VE EHAZHN 50 mm, FHES
THUER G AR Je e &

— Ak R T RGBT R K T 45 R (R >

19 min, BERGHE 4 G5 REIFHE, BFE Q=
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Tab.2 Design Parameter Change of Integrated High-Efficiency Clarification System

Bl WSl — Al A B DTV — R 2T RS
TR BE B X REF (KxFixIF) 1.6 mx1.6 mx2.6 m /
ARE/m? 6.1 /
{2 B B ] /h 1.23 /
BN IX RS (KexBix) 2.8 mx2.6 mx2.6 m 3.5 mx3.0 mx2.74 m
AR/m’ 17.47 26. 67
{5 BRI /h 3.49 5.33
TUVE X S AHE 4388 X T (KxFExT) 3.8 mx3.3 mx2.8 m 4.2 mx3.3 mx2.8 m(2 1)
BV m? 30. 01 70. 41
{5 BRIl /h 6. 02 14. 08
AVEWIEN /[ m® « (m® +h) '] 23.92 10. 82

R m?
i

A5 BRI A]/min

39.9(11.4 mx3.5 m) 42(12.0 mx3.5 m)

10. 74 19. 41

e —RAER T RSO B R B AR A, b
07 B b R 25 R b 2 IR 2B SR B ) RS
45 R B A RO A 4 ia T T LT B
3.5.3 I5RMIKRS

1SRMKRGRA 2 & — by U Sy
i KL, Rty kg L 547 XKML AL &
K FH B/ BEAT IR 0P UE . TR 3 3 e ZE P AR
AR A ALK S PR IS BCR S S
L RpA e B A R | T BN R AR
£ Tl N

ZIH 4T/ 19.2 vd, B G i K HL Ak B
AEJ1>1 000 kg DS/h, WK TAEZN 10 h, Bk /G
FKFE<80% , V5V I K R Ge 55 =ik 4 i /K
ML IBE R AL S e K 2 25 FEALRN & e A<
TR
3.5.4 V5URMEFIX

I K e D 28 SR THE AL % 2 20 R it ek 1]
EWSMNEAbE 25 H R DR E 0 S
e 3mSR KT BRI (B /K J5 A D8 DF 15 7K 3R i
— PR BEAEIX R SE R 15.9 mx5. 5 m, S5 HBTEIFRE,
RGBT, T RT 24 28. 6 mx19. 5 mx8. 0 m,,
3.5.5 [k

] FH K b FH T Ui — Ak 2 3508 0 R e L3
&, VR T FH K B K Tt AR 5 4 S B9 A e, RS
(KxFEx) N 8.2 mx7.5 mx4.0 m( A RAKEKE
3.7 m), MA RN 220 m?, B0 E K B O 2
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261 A&, 2800 , 5 Q=600 m’/h,H=20 m,
3.6 IiEfF=

(1) &1Lk A A7 Tl Ak | 25 P Ui 72
b B AR AR FR 3 58 i — IR B R S
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H—8 A¥Esgdfagialir, X 7 H WA a1 8
HATGE AT, A TR PRI T 1], IR B TR B
MBI .
4.1 BITSHEI

RS T BN 3 iR, FEBETT Y
ARG T LAY, K SS v R BE 98 R g ik
15 mg/L IR, B e & KR T 65 %, ia1145 45
PR TR PR EZOR o 7EEPRis AT iR IRRT R TH24L
HEAT T, SR T2 R FH TS 8 Il 7 2 e 22 e Ak
S AR SER R B, AR R K SS Vi R A1
T HUE G Ve A 2 R A BASCR . S Ah U TR
eV X IFIR AL T UUTE X5, 2 48 A b BEAUR A5 5]
T, — A Ge e 4 T 2 W 4 TR i & K R 24y
97% , 1 % ¥ 5 & G 75 e Wk 45 5 & K R ALK
94. 7% ~96. 2% AR WOR T AT, AN, X 13 W it
T, 25 3 WoR | S PR Eh A BT Wk EE R 8. 8
mg/L, AR 7.8 mg/L, LA H8 bR 2400 2 (b=
KRB B AR EY (GB 3838—2002) H ity I 2 by i
FRAE

3 HIKA B RGBT ST

Tab.3  Analysis of Operation Parameters of Sludge

Wastewater Treatment System

SIgE| B RS 1GIRBK RS
Pk (m?-hh) 350~500 -
PR/ (m* ) - 23~24
BT/ (hed™") 10~11 10~11
HEK SS/(mg-L7") 2 409~5 267 -

S (1) 4700628

K SS/(mg-L7") 6~15 -
HREKE - 62. 4% ~64. 1%
V58 [ 3 b 0 -

JEWR SS/(mg L") - 8~13

4.2 ZFUEIW

FoEia T, 7K S PBOK S 36.9 77 m/d,
JEOK B RS S {E R 10 NTU %88 0.8 JC/ (kW +h)
FIRL I 22 TC/kg 1Y PAM BRI R G444
CrARbRTEa AT W BB a3k 4 R, &WUaTT
BAMR S HL 2% > B I 2R B 25 59 2% > WK 2 B2 2 71
W ARIBAT U L A 54,1 T390, A2 T il 7K 1
JKIBAIE TN 0.004 0 JC, Ao i 47 HITA], i 7K ¥ iy
FEM 30 NTU FFER 10 NTU, £ G Ab ¥ 25 46 2 4 Fr

ks
®4 AR ARG AT T
Tab.4  Analysis of Economic Indices of Sludge Wastewater

Treatment System

TiH Bufe

A K HAE/ (KW -h-m™) 0.27
PRI RS PAM WAER/ (mg- L") 6.23
Bk 2255 PAM HFER/ [ ke- (1 DS) '] 2.38
& HHEVE K AL B/ m? 3492

H ¢ T Ab 3 i/t 4.76

HH 2%/ 00 754

g H ¥ WE RGN 28/ o0 479

B H KRR M 5/ 7T 249

5 Zig

(1) A TR 3 T/ 3% BE U e LR 10« 25
JRN+ T VE VR 4 + BV 43 85+l sUMR AR K T T2 Ak
H K HER K, IR O T2 Bk T — Ak
ARG NEVE &, 1A A A, 18 T &R
GBI TROR

(2) EFXFHEVR K R A, AT LA 3 3 BT TR S
N X FERE AL TN KRR, R s AT R, 1
H g, KR UF & KRR T 65% , 13 SS i
WM T 15 mg/L, i 1745 B 7, kb B AR
=0 K HER KA FRELR

&% 3k

[ 1] AT, KRG K RGP T ZBE RG], HK
HiAR, 2023, 42(4): 176-180,196.
JIANG C F. Reconstruction case of advanced treatment for a
WTP with limited land use[ J]. Water Purificaton Technology,
2023, 42(4) : 176-180, 196.

[2] XE¥, ke, EER, % JHHERAK) A E7 0y @#
TR SEET]. SKHK, 2021, 47(8) : 32-36.
LIUJ B, DI J Y, LIAN B L, et al. Continuous reconstruction
and expansion project design and practice of waterworks with land
tension [ J]. Water & Wastewater Engineering, 2021, 47(8) :
32-36.

[3] Z=5g, Xk, 568, KL TR HEJe kAL B R 458 it
[J]. BkHEA, 2019, 38(5): 25-29, 40.
LIL, LIU B, GUO Y. Design of sludge water treatment system
for raw water plants in the lower reaches of the Yangtze River
[J]. Water Purification Technology, 2019, 38(5). 25-29,
40.

(4] s, S/, RBEEE, 5. 257K DR S e /K e (1]

— 193 —



(CR R SURCSIY N
— R 2R T RGEAEK T HEJE K AR B H ) R Vol. 43, No. 9,2024

HBRIEITRORHT 1], 4KHEK, 2017, 53(12) ; 48—
52.
HE J L, HU X F, ZHANG X N, et al. Effects of long-term
direct reuse of filter backwashing water in water treatment plant
[J]. Water & Wastewater Engineering, 2017, 53(12) ; 48-52.
(5] Bt #AESC, tRSE, S5 3ok A7 K T3 AL IR e
ALBRAR K K2 2k [ J] . P E 257K HEK, 2018, 34(5) : 21-
25.
CHEN T, CUL F Y, XU Y Q, et al. Drinking water treatment
plant streams recycle for strengthening coagulation efficiency of
low turbidity water and its water quality safety evaluation[]].
China Water & Wastewater, 2018, 34(5) . 21-25.
(6] FROME, B35 R R EHORTEM T 3R SRR IARG B
AT ARG 5 K AL BE P By o TR [ 1], 3RBE TR A4,
2021, 15(9) : 3136-3142.
ZHENG X Y, HUA Y H. Application of magnetic ballasted
clarification technology in black and smelly water treatment and

domestic sewage treatment[ J]. Chinese Journal of Environmental

Engineering, 2021, 15(9) . 3136-3142.

ST, LHETITROK) T HEJE K AL BN S TR [T]. K
HoR, 2022, 41(1) ; 140-146,179.

ZHANG N Q. Emergency engineering design of sludge wastewater
treatment project for WTP in Shanghai City [ J]. Water
Purification Technology, 2022, 41(1) . 140-146, 179.

BABP 2R, A, AF. RRGETE L V RE A
PLERBUK BB T]. g kK, 2022, 38(6) : 72—
75.

HU K, LIL W, CHE A W, et al. Application of high efficiency
clarifier and V-type filter in a large-scale water supply plant in
Bangladesh[ J]. China Water & Wastewater, 2022, 38 (6) :
72-175.

A, JAe e, XIEIL, S, o e o R T E T A i
Stafr[J]. PESKHADK, 2014, 30(4) : 95-99.
ZHUH T, ZHOU X L, LIU H Y, et al. Modification and
optimization operation of intermediate high-density sedimentation

tank[ J]. China Water & Wastewater, 2014, 30(4) ; 95-99.

(L% 187 W)

[12] ®EFIF5, Tovpse, AR, 55 SO Ib A= g bk Rt 3 5 1

Fior APRACTRIEL)]. RAEBRECAR , 2022, 48(9): 113-117,
122.
YU Q F, ZHANG S L, DU J, et al. Study on carbon source
selection and operation mode optimization of denitrification
biological filter[ J]. Technology of Water Treatment, 2022, 48
(9): 113-117, 122.

[13] Hale, W, ERE, & BRIFESSHEIN TS Je il L RE K 2

WEA KA [J]. T2, 2011, 62(12): 3471~
3477.
YANG X, HUO M X, WANG S Y, et al. Effects of carbon
source type on sludge sedimentation performance and filamentous
bacteria growth [ J]. CIESC Journal, 2011, 62 (12). 3471 -
3477.

[14] LIW M, LIAO X W, GUO J S, et al. New insights into
filamentous sludge bulking: The potential role of extracellular
polymeric substances in sludge bulking in the activated sludge
process [ J ]. Chemosphere, 2020, 248. 126012. DOI.
10. 1016/j. chemosphere. 2020. 126012.

[15] RURANGWA E, SIPKEMA D, KALS J, et al. Impact of a novel
protein meal on the gastrointestinal microbiota and the host
transcriptome of larval zebrafish Danio rerio [ J]. Frontiers
Physiology, 2015, 6. 133-143. DOI. 10.3389/fphys. 2015.
00133.

[16] EF. ETHiE DLVO 5 IMREEHFRAE 1 L2 V8 35 Je
KM D], L. BT ,2019.

— 194 —

[17]

[18]

[20]

[21]

WANG Y. Study on the effects of chemical conditioning on
sludge dewatering performance based on extended DLVO theory
and floc structure characteristics [ D ]. Wuhan; Huazhong
University of Science and Technology, 2019.

PANG Y M, WANG ] L. Various electron donors for biological
nitrate removal; A review[ J]. Science of the Total Environment,
2021, 794, 148699. DOI. 10. 1016/]. scitotenv. 2021. 148699.
WEI Q, ZHANG J S, LUO F Z, et al. Molecular mechanisms
through which different carbon sources affect denitrification by
Thauvera linaloolentis:  Electron generation, transfer, and
competition [ J ]. Environment International, 2022, 170;
107598. DOI: 10. 1016/j. envint. 2022. 107598.

XU L, YANG J P, XUE B, et al. Molecular insights for the
biological interactions between polyethylene glycol and cells[ J].
Biomaterials, 2017, 147. 1-13. DOI. 10. 1016/j. biomaterials.
2017. 09. 002.

YANG R, YUAN L J, WANG R. Enzymatic regulation of N,0O
production by denitrifying bacteria in the sludge of biological
nitrogen removal process[ J]. Science of the Total Environment,
2022, 846. 157513. DOI. 10. 1016/]. scitotenv. 2022. 157513.
5, 2KE, FIE. RFESMiIEX TS 6 RO R Y 5
WELT]. Rt Tl K724, 2009, 35(6) : 820-824.

MA Y, PENG Y Z, WANG S Y, et al. Sludge denitrification
characteristics with different external carbon source[ J]. Journal

of Beijing University of Technology, 2009, 35(6) . 820-824.



