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Application of Negative-pressure Drainage Technology in Sewage Collection in
Rural Riverine Villages and Communities
FAN Xue-mei, HUANG Hui, WANG Lei, GUO Jin-jun
(Guangzhou Design Institute Group Co. Ltd., Guangzhou 510620, China)

Abstract: With the acceleration of urbanization and the increasing frequency of extreme climate
events, traditional gravity-flow drainage systems are encountering growing challenges. A comparative
analysis was conducted on the applicability, construction complexity, operational maintenance
requirements, and comprehensive economic benefits of gravity-flow and negative-pressure sewage
collection systems belonged to a rural domestic sewage consolidation and enhancement project in Jiang’ ou
village, Guangzhou. Based on this analysis, outdoor negative-pressure drainage technology was selected
for implementation in Shangyong area to effectively address the challenges associated with sewage
collection in riverine villages and communities. A new negative-pressure station with a capacity of 130
m’/d was constructed using the AAO treatment process, incorporating approximately 8 km of negative-
pressure collection pipelines with diameters ranging from de110 mm to de160 mm. Based on the specific
characteristics of the project, customized designs were developed for the negative-pressure collection unit,
pipeline network, negative-pressure station, and intelligent control system in accordance with site-
specific conditions. Precise hydraulic calculations were performed to ensure the reliable and efficient
operation of the negative-pressure system during long-term service. Following the project implementation,
the average sewage collection rate in Jiang’ ou village increased significantly from 17.7% to 85.0%,

offering a valuable reference for the management of rural domestic sewage.
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Fig.1 Schematic of negative-pressure sewage collection
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Fig.2 General plan design of domestic sewage treatment in Jiang’ ou village
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Fig.3 Schematic of negative-pressure drainage pipeline

laying
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Tab.l Maximum flow rates and pipeline diameters

18 FA2/mm 90 | 110 | 140 | 160 | 200 | 250
R EA(L-s™)| 1.75 | 2.23 | 5.10 | 6.67 | 13.33|23.33
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Fig.4 Schematic of hydraulic calculation of negative-

pressure sewage collection system
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Tab.2 Hydraulic calculation result of negative-pressure drainage pipelines

it UNEEY] i&iﬂ%_lﬁ/ TEE | TEHREL VT PRIE R | FRASSRTN | SR T | B

N (L-s™) £/m mm h;/m 5K h,/m 5 h/m h/m
O~@ 383 1.56 680 160 7 3.35 2.23 2.35 0.09
(PNE)) 798 3.24 140 160 0 0 0 0 0.07
B~@ 1109 4.50 300 160 1 0.30 0.14 0.21 0.28
@~® 1635 6.64 250 160 2 1.40 1.08 0.98 0.48
Hit 1635 6.64 1370 160 10 5.05 3.45 3.54 0.92
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Fig.5 Schematic of intelligent control system
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Tab.3 Specifications of negative-pressure station equipment
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Fig.6 Plan and cross-section schematics of negative-

pressure station
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Fig.7 Detail and physical schematics of negative-pressure
collection units
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Tab.4 Calculation result of operation and maintenance
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Tab.5 Comparative analysis of negative-pressure

and gravity-flow drainage technologies
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