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Experimental study on feasibility and parameter optimization
of ultrasonic dredging technology in combined drainage systems

TANG Zhenzhen, MENG Daizong, XU Haolian, ZHU Ruilin, LI Huaizheng
(School of Environmental Science and Engineering, Tongji University, Shanghai 210092, P. R. China)

Abstract: The presence of large quantities of sediments in urban drainage systems can lead to pipeline blockage
and overflow contamination on rainy days. Ultrasound, as a clean physical treatment method, can destabilize
sediment aggregates, and thus remove sediment during the dry season to maintain sewer function. To
investigate the feasibility and optimal treatment conditions of ultrasonic technology for actual dredging,
orthogonal experiments were designed to explore the effectiveness of ultrasonic dredging and the impact of five
key factors on ultrasonic dredging. The results showed that the ultrasonic treatment exhibited good effects on

improving the pipe siltation, with the shear resistance of sediments (EPS) reduced to 26.4%-91.5% of the
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control group after ultrasonic action, and a large number of EPS associated with adhesion were decomposed in
the pipe sediments. Correlation analysis showed that the damage of EPS was an important reason for the
decrease in the scour resistance of the sediments. The order of the impact of five key factors on ultrasonic
dredging is: ultrasonic power—>probe distance from mud surface”>action time>>sediment thickness™>ultrasonic
frequency. The optimal working conditions of ultrasonic dredging are: power 220 W, frequency 50 kHz,
processing time 200 s, distance from the sediment surface of 3 cm. Explored the variation of dredging effect
with sediment thickness, and found that ultrasonic dredging has a good effect on sediment with a thickness
of <<7 c¢m, and obviously decayed beyond this range. Based on this, further exploration was conducted on the
changes in the properties of sediment along the depth direction after ultrasonic action.

Keywords: sewer sediment; ultrasonic dredging technology; orthogonal experiment; erosion resistance;

extracellular polymers
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Table 1 Properties of raw sediment in the pipeline

EPS/(mg/g) HEMAK/(mg/g)  ZHM/(mg/g)  #YIJ/(N/m?)

33.9 26.5 6.1 1.78
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Table 2 Orthogonal analysis of the effect of ultrasound on the critical erosion shear stress and EPS of sediments

SRERE  WE/om  WE/KH: /W ﬁ%ﬁﬁ‘iﬁ%m ﬁfﬁﬁﬂ.ﬂ‘l‘lﬂ/ EPS/ R/ L/ gy i/
g /cm min (mg/g) (mg/g) (mg/g) (N/m?)
1 6 20 100 3 1 28.3 22.1 6.2 1.44
2 6 30 140 5 2 19.8 15.6 3.6 0.98
3 6 40 180 7 3 16.1 12.5 2.9 0.93
4 6 50 220 9 4 13.5 10.4 2.43 0. 86
5 10 20 140 7 4 27.5 21.5 4.9 1.49
6 10 30 100 9 3 30.1 23.5 5.4 1.54
7 10 40 220 3 2 11.9 9.3 2.1 0.71
8 10 50 180 5 1 22.4 22.4 1.12 1.12
9 14 20 180 9 2 27.4 17. 4 4.1 1.41
10 14 30 220 7 1 26.9 21.0 4.8 1.35
11 14 40 100 5 4 24.8 19.3 4.5 1.23
12 14 50 140 3 3 12.6 9.8 2.3 0. 80
13 18 20 220 5 3 9.6 9.6 0. 64 0. 64
14 18 30 180 3 4 12.1 9.4 2.2 0.74
15 18 40 140 7 1 31.2 24.3 5.6 1. 60
16 18 50 100 9 2 30.9 24.1 5.6 1.61
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Fig. 1 Correlation analysis of EPS and sewer sediments

erosion resistance

LRI, 4 38 3 00 0 A9 BOR 32 B3R oK 7 vh
FARFHLAIG SR SR, 336 2 AL 2 1 BER TE 1
O FRVE EPS, UURR M) B0 285 B A5 1 36 23 52 ) o g
BEA YRR, T I REFE . AN, B ol il A T A
WS w] REAE T W BB ULAR o Hh AT DL 7 b B A
AR T A T T AR 0 28 O A R A o 2 AT T AR
LB, O A IE T I EOR AR A TR R O AR AR
ORI R R BE T THD 2 B R A HTROCR
2.2 EXHHEEERMNEBEFRZM

Shy W A R P YR A AR e 5 S TR 2R N R iR
VEBOR B2 W, X SE 80 45 R HE AT A2 7. ik
SHT 7N A5 R T A TR S 5 vh 5 PR R X ULAR
I 5 B U1 352 W0 B2 2 R/INHE Y O« D)o > RSk L e
TE FEL 5 > A I () = 98 J5 > A3 1F 52 52 9 A5 A

TR AR E K TR 220 W R 50 kHz  4b 2 it
M) 3 min WL EE 6 cm JFEIR T 3 cm. HH T 52 PR
A IE R I U OB R O T, DT AR IR
JERC AR A BB R NRBE N T 4. &4
BT, IE 38 250 v i o 1 e T 00k - D)6 220 W3
50 kHz  A4b BT 6] 3 min FEJE 1 3 cm, X — 45 5
Sk R 7 U R B S B O AR A T B AR . i
— Ay B BN AR AL R T LR B, R W S50 AR b
X UL R BT v £ T B 52 e A 25 5 c 1) S TR
Bk 45 38 0 R b R R 0 i B AR B B R
X ATREEH TR E R A 2R A B
R0 B 58 A LR, 0 4 Ak T EPS HRY 8
N2 W, I X DT R ) 5 4 R 45 4 1 i 3 5 2) i 75
A FH 2805 Wt 25 4 S 8 008 T I S A 8 i ok — 2 5
3) Bt % 1 R[] 9 38 n L 45 38 OB EPS & i Kbt
B9 R B 7E 3 min A IR R R B RO SR
4) Wil % U RR ) JRE B 8 0 R R R R 5 L
SRR KT 10 em J5 08055 W1 . 5 5) #8715 X
TR0 o i 4 8 14 U 55 455 2R 45 090 % E A G, (AR
JFH 2305 B A0 23 A8 A e B IS T LAt I R L X 5 1E 28 4y
BT A5 25 3R — 2
x£3 MBRURAHYAEZHTER

Table 3 Orthogonal analysis table of sediment shear

resistance

S8 T em Wi/ /W P43k I U 1 T’Emﬁj‘
kHz B /cm ] /min

K, 4.21 4.98 5.82 3.69 5.51
K, 4.86 4.61 4.87 3.97 4.71
K, 4.79 4.47 4.20 5.37 3.91
K, 4.98 4.39 3.56 5.42 4.32
ky 1.05 1.25 1.46 0.92 1.38
ky 1.22 1.15 1.22 0.99 1.16
ky 1.2 1.12 1.05 1.34 0.97
ky 1.25 1.10 0.89 1.36 1.09
W# R 0.2 0.15 0.57 0.44 0.41

2.3 BEAEREBEERNEIE

F T 1E 38 52 56 v A H S 1] ) B 45 K, S TR n]
R 42 Tl B8 FE FN AR | N 2E — 25 B B P A Y SR A
Ab B[R] o 7E OF 38 S5 5 i A I £E SE K P (T R
220 W it % 50 kHz Ak B} (8] 3 min L FL 4 )5 &
6 cm  HEYRTAT 3 cm) Y FERN I, 45 /N8 75 Ab PR [R) 7R
FHAE Bl 2 150~240 s 475250 . & 2 s Bl
P R IR E] L 150 s ZE 4 2 200 s, YL ALY B BY 1)
713 B B W0 T R e, T TR 200 s I3k B 4R AR
BN 0094 N/m? 5 X B A FLIFRIR T 47.5% . 1E
FH B TR 5 200 s I, 4% 6 Ar B0E A8 1k e T 22, 10
T BT ) 7 7€ 0. 93~0. 95 N/m’ i Bl Nk 3 . bl



% 44

BEEF ARBBERKEZAETRFEARRY THEERRKMLALZBAR 223

% AR I ] 150 s 5800 & 200 s, 8 H 1E
FAXE B v EPS 43 F 09 3 22 43 8K (BRI £ 8% 10 4
fife A FH) 20 347 38 5 B LR AR X DT R A e e 45
41 I, 45 0 TR BT o R R AR AR . SR, B
7 AR FH R R) 8 2F — 25 9 58 EPS Fp o R i 4 S5 R
NG T 00 AL T M DA 7R R — 2B A A L AR TR
ZRi R TRE, VU EPS SR AP R
PR, B, 5050 45 R R0, o K A9 R 1R A
TF1] - AN B 14— 2 18 0 75 T DA RO L M EL IE A S 5
H S B 2518 (3 min R AR AL BRI [E] ), 200 s Sy BE
T .

o
1

R .
® s ° Ht
gV RN 4 E
s Wi gt N | &
- 9
0 R
1‘% sE g =
45 e A 0.8 @
£ 1er A
L - A
= - ) ) * o : ° f 0.7
140 160 180 200 220 240
B Tl/s
B2 ZARBEESSGEFTNRYNETY S EPS.&SHEMN
EERTL

Fig. 2 Changes in shear strength, EPS, polysaccharides,
and proteins of sediment after ultrasonic treatment at

different times
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Fig. 3 Principal component analysis of changes in shear

resistance, EPS, polysaccharides, and proteins
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Fig. 4 Shear strength and EPS content of sediment with

different thicknesses after ultrasonic treatment
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treatment
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