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Table 1 Corrected model hydrogeological parameters
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Table 3 Pipe’s groundwater balance analysis
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Table 4 Fracture water balance analysis
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Numerical simulation of karst groundwater in Dajing basin of
Guizhou Province based on MODFLOW-CFP

DANG Zhiwen', SHAO Jingli’, CUI Yali’, LIJun', GONG Zhigiang’, ZHAO Liangjie', LIANG Yongsheng’

( 1. Office of Hebei Water Quality Engineering and Comprehensive Utilization of Water Resources, Hebei University of Architecture, Zhangjiakou, Hebei
075000, China; 2. School of Water Resources and Environment, China University of Geosciences, Beijing 430074, China; 3. Hebei Key Laboratory of
Geological Resources and Environmental Monitoring and Protection, Hebei Geo-environment Monitoring Institute, Shijiazhuang, Hebei 050022, China;
4. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 5. No.3 Geological
Brigade of Hebei Geology and Mineral Exploration Bureau, Zhangjiakou, Hebei 075000, China )

Abstract China is a country with the most widely distributed karst, and the karst is extensively developed in its
southwesten part where 2,836 underground rivers are distributed with about 1,847.8x10°m’™a ™" of karst groundwater
resources and a total discharge of 479.7x10°m’-a ' in the dry season. These underground rivers become the main water
source for people's life as well as the development of industry and agriculture in Southwest China. However, water
shortage has often occurred in recent years, due to the unreasonable development and utilization of karst water
resources. How to make scientific, reasonable and effective use of karst water resources has become a difficult problem
in tackling water resource crisis. In this paper, we have studied the hydrological process and numerical simulation of
groundwater in karst areas from the perspective of groundwater science, which is of great significance to the accurate
evaluation, and rational development and utilzation of karst water resources.

In this study, we take Dajing basin, a typical karst peak-cluster depression area in southern Guizhou Province, as
the study area. Water-bearing media in karst areas often include karst pipelines with high permeability and dissolved
gaps with low permeability. The flow mechanism of groundwater in these two media is quite different. The
groundwater in the gap mainly accords with Darcy’s law and the laminar flow mechanism, while the groundwater in
the karst pipeline is mostly in the turbulent state due to the large flow rate. In the actual situation, the two media are
independent of each other, but there is an interrelated process of hydraulic exchange on the boundary. Based on this,
we adopt MODFLOW-CFP coupling model to carry out a numerical simulation of Dajing basin. MODFLOW-CFP is a
dual-system coupling model based on dual structure theory. MODFLOW-CFP model contains three groundwater flow
simulation methods. In this study, CFPMI, the most basic model, is adopted. In this pattern, the traditional
groundwater flowing model is coupled with a specific pipeline model. The main purpose is to depict caves, cracks in
interstitial space and basaltic aquifer pipes in karst aquifers, where groundwater can be fully or partially filled and flow
patterns can be laminar or turbulent. Therefore, a complete simulation of the hydrological process of karst groundwater
may help us to grasp the law of groundwater movement in Dajing basin, accurately evaluate karst water resources, and
thus promote the rational development and utilization of the resources.

The process of using MODFLOW-CFP to establish a mathematical model of groundwater in Dajing basin
includes the establishment of porous media model in MODFLOW and pipeline model in CFP. Subsequently, the two
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models are combined together to identify the model and analyze the water balance, based on the coupling model.
Finally, the water resources are evaluated and the mechanism of groundwater migration is studied. In this study, it is
found that Dajing basin is a groundwater system with complete recharge, runoff and drainage conditions, and the North-
South and the Northeast-Southwest trending structures control the distribution of regional karst aquifers and the
development of karst. According to the buried conditions of groundwater and the practical significance of water
supply, the main source of recharge in this area is atmospheric rainfall, and the main discharge is the outflow from the
southern Dajing basin. Meanwhile, the simulation results show that the exchange capacity between pipes and porous
media is 6,719.1 m’-a”', mainly in the upper and middle reaches of Dajing basin. The total recharge water in the study
area is 10,977.3x10* m>a ', and the recharge module is 133.495 m’-km >-a”. The rainfall inflow and infiltration
accounts for 81.35% of the total recharge, and the total discharge is 10,813.47x10* m*-a ', mainly from the outlet of the
underground river. Based on the research findings, the migration mechanism of groundwater in Dajing basin is
clarified, and new development and utilization of water resources are put forward to address the shortage of local water

resources.

Key words karst water in Dajing basin, MODFLOW-CFP coupling model, karst pipeline simulation
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