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Abstract [ Objective ]  This paper addresses the issues of a 10% — 15% increase in energy consumption and water quality
fluctuations caused by the shortened filter run duration ( from 48 h to 20-23 h) and reduced filtration rate (from 9 m/h to 6. 98-
7.35 m/h) in the V-type filters of a large water treatment plant ( WTP) in Jiangsu Province (3.5%10° m*/d). By evaluating filter
media characteristics and conducting multi-factor analysis, this paper aims to optimize operational parameters, restore filter
performance, and ensure economical and stable operation. [ Methods ] This paper conducted sieve analysis of filter media at different
depths (0-0.1 m, 0.5-0.7 m, 1.1-1.2 m) to evaluate gradation characteristics. Biomass was quantified to assess the impact of

microbial accumulation on filter clogging. Energy-dispersive X-ray spectroscopy ( EDS) was used to characterize elemental
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composition, indicating the degree of media aging. Water distribution uniformity was measured to diagnose imbalanced inflow among
filter cells. Pilot-scale experiments were further conducted to optimize operational parameters. [ Results |  The effective grain size
(d,y) of the filter media decreased from 0. 9-1.2 mm to 0. 72-0. 77 mm, while the uniformity coefficient (K,) increased from 1.2-
1.3 to 1.8-1.9. Surface layer biomass reached 6x10° CFU/g ( compared to 1x10* CFU/g in the bottom layer). Backwash water
distribution uniformity on the east and west sides was 75. 7% and 70. 2% , respectively. The mud content ranged from 1. 4% to 1. 7%,
with surface layer sediment retention (0.5% ) significantly higher than that in deeper layers (<0. 15%). The silica dioxide content of
the 9-year-old filter media on the west side (95.64%) was lower than that of the 4-year-old media on the east side (97.58%).
[ Conclusion] It is recommended that the WTP implement: stratified sand supplementation to optimize the gradation; periodic
disinfection to control biofilm; and installation of online head loss monitoring. Pilot-scale and trial operation results show that after
stratified sand supplementation, the filter run duration increased from 21 h to 36 h, and the filtration rate recovered to 8.6 m/h.
Following disinfection, the surface layer biomass decreased by 80%, accompanied by an approximate 10% reduction in head loss.
Online monitoring can effectively provide early warning of operational status and avoid the risk of overloading. This paper provides a
systematic technical route and data support for the optimization and retrofitting of similar filter systems in WTPs, offering valuable
reference for ensuring the long-term and stable operation of drinking water treatment systems.

Keywords water treatment plant ( WTP ); sand filter; filter media gradation; water distribution uniformity; biofilm; micro-

flocculation
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Fig. 1 Water Treatment Process of the WTP
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Fig.3 Pilot-Scale Flowchart of the Sand Filtration Process
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Fig.4 Diagram of the Pilot-Scale Setup for the Sand

Filtration Process

A FR R A 3 T A Y K e K SR, A
EOUEAE B LSt COR AN UEAE 7R 2 b A B
T ISR 3 e HUAE 1) K A BOn 25551, oK R
KA AE A D IEAT S itk WP uE AL T
A M s R E G sl 2R
AR B P K R B 25500 B BB AT 93 1 mT e
AR AAT IR

IR E R 4 AREDIEAE LA, MORER A B
B AERP IR A RFTZ EIR AT 10 em BT, 7K
8= LIPS AL B Sewd , BORH 5K SR T8
SEAME, A REE M HAR SN 1 PR,

F1 FIKERERITSH

Tab.1 Design Parameters of Pilot-Scale Experimental Unit
witS% Hufe
WhuE A 3.5m
WUEHE H AR 10 cm
TRAT)Z R 10 em
W2 1.2m

2 ZRMTL
2.1 EEMFES
2.1.1 JERIEREE
v RIyE PR O R SRR R R R ) Ak B K
R RO T Z N SR LB A =18 17

SRR U Y R - K B e R A AR A R R
BRI O (B ) S n)

KT T 2015 4EH1 2019 4F43 5% 74 1 F1 4R T
UEHAMD 2R EE AN T BB IE 1. 20 m, 78 | P I
V BIpE i U8 )2 IR I 25 IR R 2 s, R 2
AAL VEUE M A A 9 4 P2 N R R, 7Y
UEHL 85% MY UEAE RIS AL 10% , Hord 3#RI
e, IER A IR R 22, 5% , T 0T UE Sk AT R A
VUSRS PAMD . 2R I8 Tt D )2 5 B 2 A Ao v
N, 10#R5 T B 10% , s SCRMED I A 8 Sk 5 74 il
WO 5. 8% , ] N T Fwb 240,

x2 WEEEMNRER
Tab.2 Test Results of Sand Layer Depth

Y T8t R
i pignA NE: g Is [ S
i oL =31 74 Tk IR/ TRk

m iR m PR
i 1.09 9.2% 1.19 0.8%
1# Jefm 1.08 10. 0% 1.19 0.8%
m 1.04 13.3% 1.21 -0.8%
* e 1.04 13.3% 1.22 -1.7%
i 0.93 22.5% 1.17 2.5%
3# ded 1.01 15. 8% 1.19 0.8%
M 1. 04 13.3% 1.17 2.5%
4# B[] 1.06 11.7% 1.15 4.2%
Eapil] 1.09 9.2% 1.18 1.7%
> B[] 1.01 15.8% 1.17 2.5%
M 1.02 15.0% 1.21 -0.8%

o de 1.03 14.2% 1.20 0.0
M 1.03 14.2% 1.27 -5.8%
e B[] 1. 04 13.3% 1.10 8.3%
i 1. 00 16.7% 1.18 1.7%
¥ Jefm 1.04 13.3% 1.10 0.8%
m 1.03 14.2% 1.16 3.3%
9# B/l 1.05 12.5% 1.10 8.3%
m 1. 06 11.7% 1.08 10. 0%
o deAn 1.01 15. 8% 1. 16 4.2%

TV R 1. 20 m BRAERE K 0. 05 m I {H
VR i 5D SR A ELRE RS GRS 0. 40 m) ;WP RRE T
[% 1090, e ZiAeD, H 1 4E £ 1 Ik,

2.1.2  JERIE

TERH I A2 R M iyt 76 B A ok B AR U ) 1
AELS) R O 16 5 B B R R B, 0F 1T AEE 2% 0 i A
EE AR uE Iz 17 A (R A i s i e £ ey



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 6,2026
June 25th, 2026

dBETT . FEMLEICR I VY IRAS 1 A% D8, T gt
RE P HIEEZ(0~0.1 m) H)Z2(0.5~0.7 m)
JRJZ (11~ 1.2 m) WPHE  XPRDAE T 08 I A 7 o 1k
WA B UE R d,) T Ky ( Ky =dy/d) , HoH,
d,y FRUERT 10% W BURL ELAR /N FI% A8 5 dyy Fm
UEARL 80% MR B /N TIAE, U8 Tt U8R AS A
MEEFNE 3 iR,
#3 FREEAEEAE
Tab.3  Different Specifications of Filter Media for
Different Filter Pools

et Tk BT IR AR SRR LS
P R/ m dyp/mm Kgo dypy/mm Ky
0~0.1 0.77 1.85

Kb s#  0.5~0.7 0.90~1.20 1.2~1.3  0.74 1.84
1.1~1.2 0. 74 1.82

0~0.1 0.72 1.91

PEis#  0.5~0.7 0.90~1.20 1.2~1.3  0.72 1.89
1.1~1.2 0.73 1.91

ZR it S#ATPG L 5438 b BRI F ARG U
SERLIRUT, AR VU TH A 8 SRR S A ROk AR
dyy=0.72~0.77 mm, A0 LR THIEREIAE d,,=0. 90~
1. 20 mm fF RS, X —22 A5 i i BE T (K ki
I3 BN, X S AR 7 v ) 7 K BE T 1 R
AT 48 h B E 24 b, [RIEE AR R BE R
() d, 1 Ky, (AT, 225 RH R, 355 REL K, 2L
{EAH FLI TR AR Ky 82 50% , 1% 5085 36
JERPRIAR ZE AR K, s At AN 5], I HE AR TR
TREE ISR A, SR FL IR/, 1217 R 2 18
BHLBAR PRI BE B R R AR T80, (U= 08k &
HETOIRE, o TR R BE KBRS BOE iz T
JE A 30 10 AERIE T DB R AR B AR
FEEMTIRE R ST R K SRR
2.1.3 JERMEeE

ARSCKAE AT RIS RS, #E v k) i e
VERUEMAE T FE P I BB S 455, R 45 R
E AT 174 e aats b N i /A1 3 o R 7 ) B 1 -9 2=
ANFEGEEEAL (20 .60 cm F1 100 em) B4 [ k)5 & U8
LPREOL ] R

L 5 RTHT 2R 1S 0 ol 13 906 kB 2R 1 45 22
TR HZFHER PE (20,60 cm) fA1E R E
Z5, RIEE PZEFRELN 1.64%+0.02%),
TP IEMAY 1. 52%+0. 03% , 7] g 5 7R IE B 1 T4F

24%
’ AT2H
VY 1 5#
22% | N 4iifis#
L] Pt 0%
20% |
= 18% |
&

1.6%

1.4%

1.2%

TE LA fem
BS FRELENEREMIERRENEL
Fig.5 Variation of Mud Content in Different Filter Media

with the Filter Layer Depth

PR K | 2 UE R 9T e R A oG, TR RHE)Z
(100 em) Fr et JC b 35 22 5%, Ul B8 L IR 2 805 fg
NFAR—F, AR LF, AR UE M AS [ TR B 75
WH1.4%~1. 7%, ANFEEZEE IR XK, &
JEE PR R, Ve R 0 AR A AR AR 4% T A
FHOC, UERTHE N PAC, TR)Z &R EHAK, ol fE &K
7RI B AR BN PAC J& , 5500 TR SRR Ay
LBEFR YRR, 7K 2% I BORL BTV B 22 A bk 3R 2
TERHITHER , 2 ST ORI ME LA RE /K T 7 R 2 i o, 3K
WORL 28 B TR FE AN | PR L TR 2 DR R e i 1K IR 2
TERH R TE RE T RSB TR
2. 1.4 JERMBRE R R

T AR R R B i 2 e IR T B 45 A — A
FEARIR, B EEOLT A SR T 7 i
HRBE R SR 30 3 5 R A — e AR Ak 52 ) Y it 1E 5
BT, RS KA F I BERE) (Cl/T 43—2005) #i
FE VBRI MR R BRI <2% , AR D8 g
ARHE R 2 R 4 AR e 45 SR AN 3R 4 P AR T
RI, 4 e U8 Tt B A SRS 0 R 22 K 0. 74% ~
1. 58% , 411t ) BLAE 23K

K4 FREBMIENEEENERETL
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2.3 BT E ST
2.3.1 JHERIHUE

KT 1 8 b A7 A 0 ARk 2 T R b B A A S < B
G, W BRI HIEA T I T VR, T AR S B (O
HALOK ) B1T di P R R R ) (CJ) 58—
2009) MR, AE s 50 oo gt 2 2 AT R SR
RN BE (43 BT B R B O 10 mg/ L 42 il 5[] Sy
30 min) , JERI R ZHAEW B 6x10° CFU/g 2
1.2x10° CFU/g, T FEIREE 29 80% , 7K 3k 11 R BEAIK
2510% ., I ZHIAZ R 1 800 JT, #fE
SR A A — R B B3
2.3.2  gAMD

KA AN i 7 2, e A i R ik
RIARATDERDHEATHDFE , I FH U8 b 52 gk 2o 78 5 B0 4B
ORI ISR IR ST

T 3 ) 7Y 3 3 A T A MR I T 2 A T RO 1
Xif He & B, # BE  h  IHAD 80 em RIS A9
XS5 BT R H 1 21 h 25 2 36 h, JEH#E
PKE % 8.6 m/h, KPR FEILLY 15% , (HAEHRAE
R TR 5 2 36 h gEAT AR S R bk
PR, EAE KRR N 4. 5%10° m® ( LIStk B
2.76x10° m*/d 11, 5L K 1. 6%) , BT WAL N
3.2 HOG( AT s Lubwptge ) o BRIL, 4 it id
FHF 1217 8 00 40 35 4 9 TH 3, S B T %
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2.3.3  HEBAKSLAUR Wi A

TEAR IR G HE TR LK Sk 22 FE T IS, W I ai
W RIS ) b5 S PRia 1T R A — 2
ABAS R i W B iz f RS . IR — IR AY
2 JiTG, AR LE 3R FHZ) R 1500 TG, REAG 50k b 1
IR L o 5 B 7 fr i A T XU
3 FitEE

AR SO U Ut U8 BHE A TR S AT IEASG 00T, AR
M8 Haz A7 I @ 7, LA R 5 20 u8 iz 17408
TR AR T HEHERF 224K

A 3 8RR 20 B T 0 0 b I ek T I i
A R J2 JEE B R I SRR /N 4 5) RO K R
YA G875 R AR Sk R K A
PEUEHb AR FHE A 9 4 WP RIS W T I, 75
JPAMD AR IR IR AT 4 48 o] T EBRb Ry
ARUEHAD IZIERE B IR R G 2 R AR AR L d
W/NE 0.72~0.77 mm, Ky, HIMZE 1.8~1.9, #iX
TEAM o A P BN KRS A7 TP HEAT A S, B g
b S g ah AR S B AN R B UERD IR AT .
IKEARKEHAEY , FBORZ A AR 5, #i%
XTUERHERRVE Ve, Y 2R P B vk, Lk g Y
KIARAIAT Rl & M IR AR A Bt | v] LAY 2%
KL 38 T e sl ) (TSR IY , PiTE #
G (N 10 meg/L K S FREN 2 il 30 min ) IE5SE,
IZEE it ]l R R R R T 80% (FE 1.2x10°
CFU/g) , JFHEREK L R BRI 10% , W iFR A
BEBVR Z N 0. 74% ~ 1. 58% . Si0, Fitft s T
95% MR N 1. 4% ~ 1. T% 53435 JE FH R HEHR

oA AL 1) B i AMD I B, #MED T %
SO PUA TRV 80 em J& , PR T D 14 2 P-4l
FEJEM B B IH S E00)2 5N 1,20 m, Jf
FEHO U R R A TR, P v g b i iE
FPEs W R A THED 80 cm FFASMIE D Y
SYPAMD TS DEMAE AT M 21 h B IR
36 h, JEHH 7. 35 m/h YK E 2 8. 6 m/h, /KKK FE
R4 15% , ZAETEREA AL A IR 2 2509 , Pk 2 FL A
T RE IR KRR 2) HEMK S5 5% Wik & . ¢
R AT ZE B W AR LK Sk 25 v B 30 iE A &
A RE S W E g B Tk, 51T
AR —3%, B AL 2 T3 on BV AT SZHE0T BLAK I8 b 17

HELEE AT R S ST B AT KUK, T B 08
Wz T 28, PR I R B 1T
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