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Table 1 The calculation results of groundwater equilibrium in Puyang
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Fig.3 The fitting results of representative monitoring wells time series in Puyang
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airfoil-shaped measuring flume and a flat gate, with the core functionality implemented using the STC89C51RC
microcontroller. The system incorporates essential components such as flow measurement facilities, data processing
and communication facilities, as well as power facilities. To assess its performance, extensive hydraulic performance
tests were conducted, analyzing the system's behavior under various flow rates and gate openings. [Result] The
threshold for determining the outflow of the airfoil gate pier was between 0.77 and 0.82. The flow formulae for gate
outflow and weir flow were established based on the submerge of the gate at different gate openings. Based on water
level and gate opening measured using the ultrasonic sensing technology, an automatic control and communication
system was developed using the STC89C51RC microcontroller. The real-time outlet flow was collected by a built-in
flow calculation module, and the system was powered by a photovoltaic facility. [ Conclusion] The proposed
automatic flow measurement system using airfoil gate pier is accurate. It has potential for automating flow
measurement in small rectangular channels in irrigation districts.

Key words: sluice-flume combination; brake orifice discharge; ultrasonic sensor; automatic flow measurement
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Comparative Study of Methods for Evaluating Shallow

Groundwater in Plain Areas
PAN Deng“*, ZHANG Yanfang“*, HU Haodong?3, WANG Han? DOU Ming?"

(1. Henan Provincial Natural Resources Monitoring Institutet, Zhengzhou 450016, China; 2. School of Hydraulic Science and
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Groundwater Resources Investigation and Monitoring Research, Zhengzhou 450016, China)

Abstract: [ Objective ] Predicting change in groundwater table in response to natural and anthropogenic influence is
a prerequisite in groundwater resource management. This paper compares several methods commonly used in
studying groundwater dynamics based on the shallow groundwater exploration in plain areas in central China.
[ Method] The study was based on shallow groundwater resources in Puyang City in Henan province. We analyzed
the groundwater dynamics in the region using three methods: water balance method, dewatering-volume method,
and time series method. [Result] The time series method is applicable only to areas where groundwater
development and utilization do not show considerable change with time. In contrast, the water balance method and
dewatering volume method are more mechanistic, providing more accurate results as they consider potential changes
in groundwater usage and management. As the dewatering volume method divides the studied region into subunits
based on administrative regions rather than hydrogeological conditions, it could lead to significant differences when
compared to measurements from monitoring boreholes. The water balance method considers factors such as current
groundwater development, hydrogeological conditions and groundwater management measures, and it is hence more
accurate for analyzing groundwater dynamics. [ Conclusion] Results calculated by the improved groundwater
balance method proposed in this paper are consistent with ground-truth data. It is more reliable for evaluating the
response of shallow groundwater table to change in management and usages in plain areas.
Key words: shallow groundwater; management and control water level; water level delimitation method; Puyang
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