
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Assessment of river network water quality based on sluice gate control
strategy in Wenzhou
To cite this article: Junmin Wang et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 227 062023

 

View the article online for updates and enhancements.

This content was downloaded from IP address 119.122.215.2 on 09/10/2019 at 02:29

https://doi.org/10.1088/1755-1315/227/6/062023


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

EEEP2018

IOP Conf. Series: Earth and Environmental Science 227 (2019) 062023

IOP Publishing

doi:10.1088/1755-1315/227/6/062023

1

 
 
 
 
 
 

Assessment of river network water quality based on sluice 
gate control strategy in Wenzhou 

Junmin Wang1, Lei Fu1,2,3 and Haibo Xu1 
1 Zhejiang Institute of Hydraulics & Estuary, Hangzhou, China, 310020; 
2 University of Regina, SK, Regina, Canada, S4S0A2. 

3 Email: f51@qq.com 

Abstract. Nowadays, an ecological water diversion project is executed in Wenzhou city for the 
purpose of river network water quality improvement. Due to the flow rate of the water 
diversion project is relatively low, the utilization of sluice gates along Oujiang River becomes 
important, which can help to accelerate the flow velocity and redirect the water flow in river 
network. In this study, an experiment is designed and executed near Huiqiao sluice gate, both 
water flow and water quality are observed at three monitoring sections before and after the 
sluice gate’s opening. The comparison between background and measured data shows the 
improvement of water quality in experimental area, which confirms the function of Huiqiao 
sluice gate. A comprehensive sluice gate regulation and control plan is anticipated in the future 
to further improve the river network water quality in Wenzhou city. 

1.  Introduction 
As a water insufficient city, the government of Wenzhou city has focused on the river network water 
quality for years [1-3]. Recently, an ecological water diversion project is applied in Wenzhou to 
improve the regional river network water quality [3-6]. In this study, attentions are paid mostly on the 
districts near the sluice gate along Oujiang River as shown in Figure 1, where the river network water 
quality is deteriorating compared to the upstream districts because it is the downstream of Wenzhou 
city downtown area. An experiment is designed and executed based on the regular sluice gate control 
strategy in this study to verify the water quality improvement [7-8]. Both background and 
experimental data are collected and analyzed. Based on this study, a more efficient and environmental 
friendly sluice gate control strategy will be established, and further improvement of river network 
water quality in Wenzhou city is anticipated [8-12]. 

2.  Experiment setup 

2.1.  Sluice gates and monitoring sections 
After decades of construction, the river network in Wenzhou city has initially formed a water 
conservancy infrastructure system integrating flood control, drainage, flood control, drought resistance, 
water supply, irrigation, power generation, tourism, and ecological environmental protection [13].  

 



EEEP2018

IOP Conf. Series: Earth and Environmental Science 227 (2019) 062023

IOP Publishing

doi:10.1088/1755-1315/227/6/062023

2

 
 
 
 
 
 

 

Figure 1. Six sluice gates along Oujiang River in Wenzhou city. 
 
In this study, area closes to Huiqiao sluice gate is focused. Three monitoring sections are set in the 

experimental area, as listed in Table 1. The distance between each section to Huiqiao sluice gate is 
almost the same. Both water flow and water quality are monitored. Flow direction, flow rate and flow 
velocity are measured as water flow indices. Additionally, CODMn(Potassium permanganate index), 
DO(Dissolved oxygen), NH3-N(Ammonia nitrogen) and TP(Total phosphorus) are measured as water 
quality indices. The comparison between background and measured data show the acceleration of flow 
velocity and the improvement of water quality in these three sections, as shown in Figure 2. 

 
Table 1. Name and location of monitoring sections. 

Sluice gate 
Section 
number 

Monitoring section name Rivers which monitoring section located

Huiqiao sluice 
S1 Jingu Bridge Huangyangjia River 
S2 Shangcun Bridge Gui River 
S3 Zhinong Bridge Hongdian River 

 

 

Figure 2. Monitoring sections in each experimental area. 
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2.2.  Experimental scheme 
Firstly, background water quality monitoring is carried out at each section before the opening of 
Huiqiao sluice gate. After Huiqiao sluice gate’s opening, the water flow and water quality of each 
section near the sluice gate are synchronously monitored. The monitoring time is determined 
according to the opening time of Huiqiao sluice gate. 

According to the experimental plan, the opening time is 14:00 on Nov, 27th, 2018. Hence, the 
synchronous monitoring of the affected rivers near Huiqiao sluice gate is then organized and executed 
at 13:00, 14:30, 15:00 and 15:30. The hydrological monitoring adopts the three-vertical-line flow rate 
monitoring method, both flow rate and the river section morphology are measured. The water quality 
monitoring adopts the top-bottom-double-layer monitoring method, four different water quality 
indices such as CODMn, DO, NH3-N and TP are measured and analyzed.  

3.  Experimental results and discussion 

3.1.  Monitoring results 
The influences of Huiqiao sluice gate on Huangyangjia River (Section 1), Gui River (Section 2)and 
Hongdian River (Section 3) will be measured and analyzed in this study. When Huiqiao sluice gate 
opens, the flow velocity of these three rivers has increased simultaneously. After 1 hour of the sluice 
gate’s opening, the flow rate of the river near Huiqiao sluice gate begins to decrease because the 
drainage flow rate of the gate is much greater than the upstream water flow rate of each river. Among 
these three rivers, the flow rate of Gui River and Hongdian River increase significantly in the initial 
stage of the experiment, while the flow rate of Huangyangjia River only increases a little because of its 
narrow river section. The monitored flow rate is shown in Table 2, and the distribution of water flow 
volume of these three rivers is shown in Figure 3. 

 

Table 2. Hydrological monitoring data (m3/s). 

Sluice 
gate 

Section name River name 
First 

monitoring 
Second 

monitoring 
Third 

monitoring

Huiqiao 
sluice 

Jingu Bridge 
Huangyangjia 

River 
2.18 1.18 1.01 

Shangcun Bridge Gui River 2.50 3.20 3.71 
Zhinong Bridge Hongdian River 1.70 1.62 1.13 

 

 

Figure 3. Distribution of the water flow volume of three different rivers. 
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It can be seen from the above figure that after Huiqiao sluice gate’s opening, the flow volume of 
Gui river accounts for 53% of the total flow volume, which indicates that Gui River is the main 
channel to replenish water flow in the experimental area. The Huangyangjia River has the smallest 
flow volume due to its narrow river section and small upstream flow rate. Generally, these three rivers 
have different flow volume, which lead to different water quality improvement at each monitoring 
section, as will be discussed later.  

3.2.  Water quality data and analysis 
According to the monitoring results, the water quality at three monitoring sections all show great 
improvements compared to background data. From the perspective of these rivers, take Huangyangjia 
River as an example, as shown in Figure 4, the concentration of CODMn NH3-N and TP reduced by 
26%, 32% and 43%, respectively. While DO concentration is 38% more than background data. Similar 
water quality improvements are observed at the other two sections in Gui River and Hongdian River, 
which confirms the function of Huiqiao sluice gate in water quality improvement during the 
experiment. The improvement of river network water quality in the experimental area in this study is 
significant compare to the research provided by Du et.al [5] and Cai et.al [11] 

 

Figure 4. Variation of water quality in different sections during the experiment. 
 
Additionally, from the above figure, the background water quality represented by CODMn, DO, 

NH3-N and TP in three sections are similar although the water quality of Huangyangjia River is 
slightly worse than the other two rivers. However, when Huiqiao sluice gate opens, the water quality 
improvements behaved differently in each section due to the fact that different river has different flow 
rate and upstream replenish flow quality. 
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3.3.  Water quality comparison 
In this study, water quality is also monitored on different layers, while the vertical flow velocity 
distribution on the central vertical line is calculated according to Eq (1) [13-15].  
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where Uy is the velocity at location y(m/s), Um is the surface flow velocity(m/s), y is the distance 
above river bottom(m), h is the water depth(m). The comparison of flow velocity and water quality on 
both surface and bottom layers are shown in Figure 5. 

 

Figure 5. Comparison of flow velocity and water quality from water surface to bottom at different 
monitoring sections. 

 
As can be seen from Figure 5, the overall performance of surface water quality is slightly better 

than the bottom water quality. From the comparison, the dissolved oxygen concentration in the surface 
water of the river is slightly higher than the bottom water, while the ammonia nitrogen concentration 
in the surface water body is slightly lower. However, the difference between these two indices is not 
obvious, similar phenomenon is observed in previous studies provided by Xu et.al [13] and He et.al 
[14]. It also shows that in the case of small water depth, although the water quality of the river will 
vary from surface to bottom, the convective diffusion of the water body itself will promote the mixing 
of the surface and bottom water bodies, which indeed minimizes the water quality difference between 
the upper and lower layers. 
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4.  Conclusions 
In this study, an experiment is executed near Huiqiao sluice gate in Wenzhou city, both water flow and 
water quality are monitored at different sections in the experimental area. When Huiqiao sluice gate 
opens, the water quality of the surrounding rivers has improved at all the monitoring sections 
compared to the background data. It also indicates that besides the good fluidity, the water quality 
improvement is also related to the water quality of the upstream flow and the endogenous source of 
the river sediment. 

The overall performance of surface water quality is slightly better than the bottom water. However, 
from the comparison, the water quality difference between surface and bottom layers is hard to be 
distinguished. It also reveals that in the case of small water depth, although the water quality of the 
river will vary from surface to bottom, the convective diffusion of the water body will promote the 
mixing of the upper and lower water bodies. Therefore, the water quality difference between the upper 
and lower layers is not obvious. 

Indeed, the comparison between background data and measured data in this study shows the 
improvement of water quality in the experimental area, which confirms the function of Huiqiao sluice 
gate in river network water quality improvement. A comprehensive sluice gate regulation and control 
plan is anticipated in the future to further improve the river network water quality in Wenzhou city. 
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