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Abstract: This study, conducted at the Haikou Jiangdong Water Plant, applied a direct ultrafiltration process to treat the
Nandu River water for potable use. Pilot-scale experiments were performed to optimize key operational parameters, including

filtration cycle, backwash regime, and chemical-enhanced backwash (CEB) dosing and frequency. Under the optimized
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condition, the study comprehensively evaluated treatment performance, membrane-fouling characteristics, and techno-
economic outcomes. The results showed that with a filtration cycle of 90 min and a high-intensity, short-duration backwash
regime (170 L/(m*-h) flux, 150 s air scouring, 10 s combined air-water top backwash, 10 s combined air-water bottom
backwash) , together with CEB using 500 mg/L. sodium hypochlorite at a frequency of 7 days, the system exhibited robust
adaptability and stable performance across varying raw-water qualities. The system maintained regulatory-compliant effluent
even when raw-water COD,,, reached 7.01 mg/L during high-turbidity periods (=50 NTU). However, when raw-water COD,,,
approached 3.6 mg/L during low-turbidity periods (<50 NTU), there was a potential risk of the effluent COD,,, exceeding the
applicable drinking-water standard. Over 42 days of operation, the transmembrane pressure increased by a cumulative 8.48
kPa but stabilized following a short-term high-turbidity perturbation. Membrane-fouling analyses confirmed that the optimized
operating conditions effectively limited fouling and identified siliceous-aluminous inorganic residues as the primary
irreversible foulant fraction. A techno-economic assessment indicated water production costs of RMB 0.226/m* (low-turbidity)
and RMB 0.243/m*® (high-turbidity) , both lower than the RMB 0.261/m*® estimated for a conventional coagulation-
sedimentation-filtration-disinfection process. The operational-parameter framework established in this study provides

experimental evidence and technical support for applying direct ultrafiltration as a primary pretreatment unit in engineering

practice.

Keywords: direct ultrafiltration ; parameter optimization; high-turbidity water; effluent quality; membrane fouling

0 3l

JK BT IR A R AR TG e IR A H g A AT
2 19 T K A BE B AR RO A BROCE B fE . DL R
TR M Rt 195 =AU K ok 207 AR L
AKOK RS SE | A7 T AU LB S AR e AR B
Iz N TR K A BRAGU , i% T2ANARE sk
BRoK i8R ) VAR A SR AT T W, A0 fE B R BR
JEE Ml OR B K TR £ AR TR DR K SR B
bk, A E s R K AL BT R R D e 2
— 0 R T AR X — TR Sl A
W Ak BT i A TSR AN AR T REAE A 2y
FUVE T b 0 A T RS AR, B R B R 460
S, B TR, i AR AEE A k) 53¢
B 22 SCRT BB 58 ) RS2 T B 4 Dk T AR AL
P b IR e B BT e DK I A R EBRRE K R 2R A
bR AR AN, B 8 T2 e ok R S K Ak B e
F4 15 P AT T8 e B A% AR i) s A 15 5 e o T 75 T[]
Z o HATA T 2 R T g = MRS B
Z il R R MRS TR T A R 8 S IE S B
U8 T A AE S BRia 47 410 T B9l 2% 1 L BE 1 R 75
BIWIHG FE T — I R IR AL

AT FE LA P VLK g JEOK A AELIEE 11T R A o
PHIKOK T (AR T B T2 %2k, il i ikl 5
DU AL B U8 T 20 G IB A7 2 80, R T &R G T A
HAEAL T BT B9 ¥ K e TS5 G AR AL, IF W
T B 1B AT B AR KT W SEPristr i 5%

i}

1 REHREFE
1.1 XK A

IR 50 7K A FE VLV K 3 5 0 1) K BT 2 o
TR B 22.5~28.6 °C, My 3. 6~372 NTU, pH {H
H6.74~7.63,UV,,, 4 0.056~0. 18 cm™ ,p(COD,,,) N
2.08~7.01 mg/L, p (NH,~N) 4 0.043~0.21 mg/L,
p(NO;-N) N 4.54~14. 01 pg/L.
1.2 XKEE

g R S AR AN B 1 BT R T Ak BB
2 m/h FEKECH KT ROKAEE . FKE S LR %
b U s DA 2 B b B B L BE S N RUKAS L F
BEK M K ik 22 R R IR R 58 . B R K — B
o3k 2 OKA L o — o Wt A RCUEAR T S S
A 5 B e

ZhiREET RN EIERAF N RALE
(PVC) M 5T i rh 23 20 4 B, i 47 07 2y Ab B8 o ik
JE LR NAE N 0.9 mm, BRANME N 1. 6 mm , B {37 5 Ta]
FUE &y 37 L/(m*-h) , A Dy 54 m?, 8 5 &R 40
Y32 A7 AT g 02 45 1 45 (PLC) S8 B sl Ak
1.3 &XJ*

AR I TILAR K MitiEsir S8, R HF
B AL Ty i, A 4E e EE & (37 L/(m?-h) J55 T L LA
5 s 22 (TMP) 2246 R P 36 4, Xt iz 17 S 8GHE 1T
1o B JE B 60,90, 120 min i3 38 J5 390 LA 0 66 A
{8, Bt S5 A S5 B 2o 9 JR I R X LA ) e b e X5 A
WLl b 3 O A VR SR A A 2F i Ak S il e (CEB)



94 HooBE

T 55 44 35

b—1ia 462 B A
B it e i e

Figure 1  Pilot=scale experimental setup and process flow
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Figure 2 Optimization of operating parameters in direct ultrafiltration :
effects of filtration cycle, backwash intensity, NaClO dosing and

frequency for CEB on transmembrane pressure and operational stability
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Figure 3 Treatment performance under conventional water quality conditions
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Figure 4 Variations in transmembrane pressure and membrane fouling control performance
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