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Abstract. Jinlan and Wuyin irrigation districts are located in Wucheng District,
Jinhua City, Zhejiang Province. The annual irrigation water volume accounts for
more than half of the total irrigation water consumption in Wucheng District, and
the water saving space is large. However, due to the aging of the project, the
imperfect irrigation system and other reasons, the water resources in the irrigation
area cannot be fully utilized, the degree of water supply security is not high, and
the utilization coefficient of irrigation water is lower than the provincial average
level and the provincial advanced level. According to the water resources situa-
tion and future development plan of the irrigation area, the rules of water supply
and water consumption in the irrigation area were determined, and the water-
saving potential of Jinlan and Wuyin irrigation areas was analyzed. The results
show that the irrigation demand can be satisfied through rational allocation of
water resources, the construction of water lifting project and corresponding irri-
gation facilities, and the annual average irrigation water volume can reach 53.98
million m3.
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1 Introduction

Due to the uneven distribution of time and space of rainfall in the region, crops in irri-
gated areas have a strong demand for irrigation. Large-scale irrigated areas play an ex-
tremely important role in China's grain production, and are the basis!'3] for maintaining
stable grain production in China. With the acceleration of economic and social mod-
ernization and the transformation and upgrading of economic structure in irrigation ar-
eas, water resources shortage, low utilization rate and unreasonable allocation have be-
come important factors [l restricting the development of irrigation areas.
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The allocation of water resources in the irrigation area refers to the optimization of
different forms of water resources in the irrigation area through the implementation of
engineering and non-engineering measures such as adjusting the planting mode and
improving the utilization coefficient of irrigation water, so as to achieve the balance of
supply and demand of water resources and optimize the allocation, and ensure the sus-
tainable development [*-%! of the irrigation area. This paper analyzes the balance of sup-
ply and demand of water resources in the irrigation area from the two aspects of water
demand and water use, reasonable allocation of water supply and water use in the irri-
gation area, improve the irrigation guarantee rate, and realize the sustainable develop-
ment ) of the irrigation area.

2 Study the General Situation of the Region

Jinlan and Wuyin Irrigation District, the objects of this paper, are located in Jinhua City
of Zhejiang Province, in the middle of Zhejiang Province, with geographical coordi-
nates between 119°14 '~ 120°46' 30" east longitude and 28°32 '~ 29°41" north latitude.
Jinhua is located in the east section of Jinqu Basin, which is a hilly basin area in central
Zhejiang Province. The terrain is high in the north and south and low in the middle.
"Surrounded by mountains on three sides and sandwiched by a river, the basin is scat-
tered into three rivers" is the basic feature of Jinhua landform. The upstream Dongyang
River flows through Dongyang, Yiwu and Jindong districts from east to west, and the
Wujiang River joins Wuyi River to form Jinhua River. Its north flow merges into LAN
River in Lanxi City.

For the rational development and utilization of water resources, a large number of
large, medium and small reservoirs and other water conservancy projects have been
built, providing a guarantee for the economic development of Jinhua city and the Peo-
ple's Daily water consumption. According to the water resources Bulletin, the city's
average precipitation in 2021 will be 1,781.4 mm (equivalent to 19,492.37 million m*
of total precipitation), 4.8% more than the previous year's precipitation, and 16.6%
more than the average annual precipitation. The total water resource of the city is
11,88684 million m?, the water production coefficient is 0.61, the water production
modulus is 1,08663 million m3*/km?, and the per capita water resource is 1,669.52 m>.
According to the per capita water resources, Jinhua city belongs to the moderate water
shortage city, lower than the average level of the whole province and the whole country.
The uneven distribution of water resources in time and space and regional differences
are the significant reasons. After the completion of this project, the irrigation benefi-
ciaries will be Jinhua Piece and Jinlan Reservoir irrigation area of Wuxi River diversion
project.

According to the forecast, the long-term water shortage will reach 108 million m®.
Through Wuxi River water diversion elevation-Qujiang water lifting project, Qujiang
water resources potential can be tapped, and irrigation can be carried out through
Wujiang canal system to replace the irrigation function of Jiufeng Reservoir, replace
the high-quality water source of Jiufeng Reservoir, and improve the guarantee ability
of high-quality water resources.
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3 Data Source

3.1 Meteorological Data

The watersheds where Jinlan and Wuyin irrigation areas are located mainly include the
watersheds above Qujiang Youbu junction and Houdaxi and Xinfan River basins. It is
a subtropical monsoon climate area. Its main climate features alternating winter and
summer monsoon and distinct seasonal changes: mild climate, abundant rainfall and
sufficient sunshine. The annual average rainfall in the basin is 1806.2mm, with the best
year 2458.4mm (1975) and the worst year 1259.9mm (1978). Generally, a year is di-
vided into three periods according to precipitation characteristics, namely Meiyu season
(April 16 ~ July 15), Taiyu season (July 16 ~ October 15) and non-flood season (Octo-
ber 16 ~ April 15 of the following year).

3.2  Hydrologic Data

There are many hydrological stations in the basin, which are set up earlier and have
good data conditions. There is Quzhou Hydrology station in the upstream of the irriga-
tion area, with a water collection area of 5424km?. The observation items include water
level, discharge, precipitation, sediment and so on. There are Longyou and Yanggang
water stations in the downstream of the irrigation area. In addition, various tributaries
near the irrigation area are equipped with a number of rainfall stations. These hydro-
logical and rainfall stations have been calibrated for many years and are representative.
In order to improve the operation efficiency of water diversion project and the timeli-
ness of data, three flow stations are constructed in this project.

4 Results: Water Resources Allocation

4.1 Runoff
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Fig. 1. Annual average flow frequency analysis results of Youbu junction dam site
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In this calculation, the daily average discharge series of Lanxi Station and Jinhua Sta-
tion from 1970 to 2021 are adopted, and the result series of daily average discharge
results from 1970 to 2021 of the site section of Shuniu Dam in Youbu is derived by
hydrologic analogy method. According to the calculated annual average discharge data
of the dam site of Yupu Junction, the frequency analysis is carried out by P-III curve
method (Figure 1). The annual average discharge of the dam site of Yupu Junction is
367.9m?s.

4.2 Flood

According to the design engineering situation, the discharge data of Qujiang basin is
sufficient, and the flood data of the basin is calculated by the measured flood data.
The causes of major floods in Qujiang basin are mainly plum rain and typhoon rain.
The spatial and temporal distribution of rainfall in the basin is uneven, and the variation
is great within the year, and the precipitation is mainly caused by frontal cyclones, ty-
phoons and tropical storms. In March and April, the northwest monsoon declines and
the southeast monsoon begins to strengthen. Cold and warm air converge to form con-
tinuous spring rain. From mid-April to mid-July, the warm air flow of the summer mon-
soon meets the cold air to the south, and there is a longer duration of frontal rain, con-
tinuous rain and concentrated precipitation, commonly known as Meiyu. Due to the
frequent alternation of cold and warm air masses, it is easy to have continuous and
heavy rain in the stream area, resulting in flood disasters. In summer and autumn, the
local subtropical high is often controlled, and the precipitation is mainly typhoon heavy
rain and local thundershowers. Typhoons and tropical storms are mostly affected from
late July to late September. The main characteristics of the flood are: large peak, high
volume, water concentration, rapid fluctuation, and the main period of the flood process
is generally concentrated in about three days.

Through calculation, the design flood of the drainage basin near Jinlan and Wuyin irri-
gation area is obtained as shown in the Table 1 and Table 2.

Table 1. Design flood results table of Youbu hub dam site (annual maximum)

P (%)
1 2 3 4 5
Qu (m¥s) | 15890 | 13470 | 11440 | 9810 | 8150

Frequency

Table 2. Design flood in flood season and non-flood season at the dam site of Youbu hub

Design peak flow under each frequency (m%s)
3.3 5 10 20 333
typhoon 5640 4870 3610 2490 1790

Non-typhoon | 6000 5510 | 4670 3800 3150

Frequency
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4.3 Sediment

According to the results of the Preliminary Design Report of Qujiang (Jinhua Section)
Shipping Development Project of the Middle and Upper reaches of Qiantang River, the
annual water volume of the section from the port to Hunan Town is 9.61 billion m?, and
the suspended sediment volume is 1.762 million t, and the total sediment transport vol-
ume is 2.11 million tons.

The annual water volume from Youbu to Hunan Town is 9.61 billion m?, and the sus-
pended sediment volume is 1.762 million t. The total sediment transport volume is es-
timated to be 2.11 million tons, including bedload.

4.4  Water Level

The operation principle of the port hub is as follows: when the inflow flow is less than
the generation flow, the flood sluice is completely closed; When the inflow flow is
greater than the generation flow, the spillway is gradually opened, so that the discharge
water (including the generation flow) is equal to the inflow amount, and the water level
of the reservoir is kept at the normal storage level of 34.0 m until the 24-hole spillway
is fully opened.

In flood season, when the inflow flow is greater than the full discharge of 4 units 487.2
m?/s, and the water level of the reservoir exceeds the normal storage level of 34.0 m,
the spout gate will be opened step by step, and the opening of the gate will be gradually
increased with the increase of the upstream water intake until the gate is fully opened.
When the difference between the upstream and downstream water levels is less than 2
m, the power station stops generating electricity.

After the flood peak, when the flood water level drops to about 34.0 m, the spillway
should be gradually closed, the principle of opening the gate first and then closing it
should be followed, and the upstream water level should be controlled not to exceed
34.0 m. With the closure of the sluice gate, the difference between the upstream and
downstream water levels increases accordingly. When the water level is greater than 2
m, the unit can be turned on to generate electricity.

Yangang Hydrographic station is located in the upstream reservoir area of the port hub.
This design collects daily water level data of Yangang hydrographic station since the
navigation of the port hub in 2019.

Through calculation, the design water level of the port hub is obtained as shown in the
Table 3 below.

Table 3. Port hub design water level gauge

Site Maximum flood | Designed for high naviga- | Designed for low naviga-
level (m) ble water level (m) ble water level (m)
Upstream of 39.82 34.0 335
hub
Downstream
of hub 39.36 30.5 28.0
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This design collects daily water level data of Yangang Hydrographic Station since
the navigation of the port hub in 2019, and the overall floating range of water level is
between 28.74 and 34.35m.

5 Conclusion

After the construction of Qujiang water lifting project, the corresponding irrigation fa-
cilities can meet the irrigation needs of farmland in the irrigation area for many years.
The average irrigation volume is 53.98 million m*. According to preliminary estimates,
through water-saving measures and irrigation facilities improvement, each year can be
Water saving about 7.99 million m®.
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