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Abstract

Objective: The Shihezi irrigation area is located in the middle part of the northern slope of Tianshan
Mountain and the southern edge of the Junggar Basin. It is a typical oasis irrigation area in the northwestern
arid regions. Groundwater, as a vital source of surface water, plays a crucial role in regional agricultural
irrigation and sustainable development. This study examines the characteristics and determinants of
groundwater level changes in the Shihezi irrigation District, develops a three-dimensional groundwater
numerical model to simulate the regional groundwater level change, and proposes a regional groundwater
resource regulation scheme to provide scientific and technological support for the sustainable utilization of
regional groundwater resources.

Methods: A study of the spatial variation of groundwater level in Shihezi irrigation district was conducted
through a sensitivity analysis using the grey correlation degree and path analysis. The balance of regional
groundwater recharge and excretion was calculated to analyze the changes in groundwater reserves in the
Shihezi irrigation district. An unsteady flow numerical simulation model was established based on the
regional hydrogeological conditions to simulate and predict the groundwater table under different scenarios.
The optimal groundwater control schemes were determined based on the groundwater table simulation and
prediction results and the total water consumption under different scenarios.

Results: (1) The groundwater level trend in Shihezi Irrigation District from 2012 to 2019 exhibited a
general upward pattern, with a fluctuation range of 12.26 ~ 14.14 meters. The variance of the contrast
coefficient for the groundwater table in the irrigated area ranges from 0.04 to 11.31, and the fluctuation
range of the groundwater table in the central area was higher than that in the northern and southern areas.
The primary factors influencing the groundwater level in the Shihezi irrigation district were the irrigation
area and evaporation. Based on the groundwater balance calculation, the groundwater storage variable was
estimated to be 6211.11x<10* m®. In 2016, the groundwater in Shihezi Irrigation District was generally in a
positive equilibrium state, with a relative equilibrium difference of 7.9%, which met the accuracy
requirements of the water balance calculation.

(2) Utilizing the partial differential equation for groundwater flow in three-dimensional space and Visual
MODFLOW software, a numerical model for groundwater flow in the Shihezi irrigation area was
constructed. This model was initially developed and validated based on measured data from 22 monitoring
wells in the study area, and a relationship diagram between the simulated and measured water levels was
obtained for the Shihezi Irrigation District. Following the calibration and validation processes, the accuracy,

reliability, and fitting degree of the model were determined, and the hydrogeological generalization,



boundary conditions, and parameter zoning of the model were found to be reasonable. The numerical
model for groundwater in the Shihezi irrigation area effectively reflects the dynamic characteristics of
groundwater levels in the study area.

(3) Identify a reasonable domain for effective and relevant groundwater regulation and management to
enhance the efficacy of groundwater control measures in Shihezi irrigation District. The weight of the
groundwater depth was determined to be 0.18, whereas the well density index had a weight of 0.82. In
Comparison to the universal water reduction plan for the entire region (Y3), the control strategies of areas
with comprehensive evaluations higher than 0.20 (Y1) and the control scheme of the area with
comprehensive evaluation higher than 0.32 (Y3) have specific impacts on groundwater management in
Shihezi irrigation District, with a relatively limited number of control Wells required.

Conclusion: By lowering the extraction of groundwater in areas with high evaluation values and
proportions, it is possible to improve the quality of groundwater and elevate groundwater levels. After
conducting a thorough comparison of the three control schemes, it was determined that the regional
groundwater control scheme (Y1), with a comprehensive reduction evaluation of more than 0.20 is the most
effective in terms of managing groundwater levels.

Key words: Groundwater level; Grey relational degree; Path analysis; Groundwater numerical simulation;

Groundwater control; Shihezi irrigation District
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