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Design and study on optimal layout of booster pump vessel for condition of
ultra-long distance clay dredging by cutter suction dredger
ZHOU Zhiqgiang, LI Mingyi
(CCCC Tianjin Dredging Co., Ltd., Tianjin 300457, China)
Abstract: In response to bottlenecks such as excessively long discharge distances, low efficiency in clay
transport, and insufficient system stability in the large-scale and long-distance development of port and waterway
dredging projects, the research on the optimal layout design and construction control technology of relay pump
vessels to enhance the feasibility and economy of clay transport under ultra-long discharge distances is conducted.
On the basis of a “main vessel+booster pump vessel” combination mode and construction data from similar soil
conditions in Northern Chinese ports, the variation patterns of discharge pressure with filling distance under
16 different combinations are analyzed. A critical value model for the maximum spacing and minimum spacing
between the booster pump vessel and the main vessel is built, with pump inlet pressure and total discharge
pressure loss as boundary conditions. A universal calculation formula applicable to different combinations and
filling distances is derived. Rapid calculation of the optimal vessel layout distance on the basis of soil conditions is
achieved. During construction, intelligent control of the cutter is implemented to stabilize slurry concentration at
around 25%, and a “6+1” steel pipe-rubber sleeve combination is adopted to reduce local resistance losses. After
systematic optimization, the pump inlet pressure of the booster pump vessel in the project’s ultra-long distance
clay transport conditions is increased by approximately 77.8%. The findings establish a reusable calculation
model for vessel positioning in long-distance clay dredging construction, providing a reliable design basis and

technical references for projects with similar geological and operational conditions.
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Fig. 1 Planar layout for channel dredging
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Tab.1 Construction pipeline demand and calculation
results for farthest construction area
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Tab.2 Main vessel, relay pump, pipeline clear water, and slurry combinations

X 3, Ak
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
B % S wwW W S W W S S W S S S W S
EGENRBEZAEL W W s W W s s s W W WS s W 5 S
EEVIE S w W w S W w S w S w S S w S S S
IR E % wwW W W S W W S % S S w S S S S




- 258 - K iE L A2

2026

—a— EMESEMEK A TAE80% R
—o— EMGHESIMB0%IRIE —— EARTEK
—— LIATEK FETIHR80% YR I

3753646 3629 3607 3585 3561 3509 3408

3213027 3003 2005 2976 2957 2931 2905
a5 g

27 +

HE/bar

221008 2004 1996 1988 1978  19.60 1943
A A A A A

16.83 16.80 16.73 16.66 16.58 16.43 16.28
1638 1624 1610 1597 1583 1569 ' 15:56

13.44 1333 L1322 L1310 1299 ,[3.88 ,12.76
1 1 g ? —*

17

e

12
3.0 35 4.0 4.5 5.0 5.5 6.0
W/ (mes™)

B2 AFEEBOIRKE+RCRERESHEXR
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discharge pressure for “Tianda + Tian C” configuration in

a port project in Northern China
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under Combination 1
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Tab.3 Fitting formulas of discharge pressure for each combination
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Fig. 4 Calculation results of maximum and
minimum distances for booster pump vessel

under 16 combinations
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Tab.4 Each parameter value for 16 combinations

He a b c A B C Pt /(t-m™) P/ (t-m™)
1 -0.0119 0.028 1 16. 820 -0.0119 -0.0850 30. 487 1.00 1.00
2 -0.014 2 0.033 5 20. 068 -0.0142 -0.079 6 33.736 1.00 1.00
3 -0.011 9 0.028 1 16. 820 -0.0119 -0.085 0 30. 487 1.26 1.00
4 -0.0119 0.028 1 16. 820 -0.012 0 -0.107 8 33.470 1.00 1.00
5 -0.0119 0.028 1 16. 820 -0.0119 -0.0850 30. 487 1.00 1.26
6 -0.014 2 0.033 5 20. 068 -0.0142 -0.079 6 33.736 1.26 1.00
7 -0.0119 0.028 1 16. 820 -0.012 0 -0.107 8 33.470 1.26 1.00
8 -0.0119 0.028 1 16. 820 -0.0119 -0.0850 30. 487 1.26 1.26
9 -0.014 2 0.033 5 20. 068 -0.014 3 -0.102 3 36.718 1.00 1.00
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HE a b c A B Cc Pt/ (t-m™) P/ (t-m™)
10 -0.014 2 0.0335 20. 068 -0.014 2 -0.079 6 33.736 1. 00 1.26
11 -0.011 9 0.028 1 16. 820 -0.012 0 -0.107 8 33.470 1. 00 1.26
12 -0.014 2 0.033 5 20. 068 -0.014 3 -0.102 3 36.718 1.26 1.00
13 -0.014 2 0.0335 20. 068 -0.014 2 -0.079 6 33.736 1.26 1.26
14 -0.014 2 0.0335 20. 068 -0.014 3 -0.102 3 36.718 1. 00 1.26
15 -0.011 9 0.028 1 16. 820 -0.012 0 -0.107 8 33.470 1.26 1.26
16 -0.014 2 0.0335 20. 068 -0.014 3 -0.102 3 36.718 1.26 1.26
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Tab.5 Calculation results of optimal vessel distance for various working conditions in reclamation area No. 1
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