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Fig. 1 Hydrogeological sketch map of Heilongtan spring area
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Fig. 2 Structure of hysteretic reservoir model
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Table 2 Interpretation of calibration parameters and initial value settings for the reservoir model
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Fig. 3 Simulation results of the Heilongtan springs. Subplots a-d are corresponding to models from I to IV
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Table 4 Quality evaluation parameters

for the reservoir model
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Fig. 4 Scatter plot of quality evaluation parameters for the

reservoir model
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Modelling the hydrological process of the dried-up karst spring
based on a reservoir model for hysteretic discharge

CEN Xinyu', ZHONG Jinxian', DENG Guoshi', XU Mo’
(1. Chengdu Center of China Geological Survey, Chengdu, Sichuan 610218, China; 2. State Key Laboratory of Geohazard Prevention and
Geoenvironment Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China )

Abstract Karst is highly developed and widely distributed in Southwest China which is endowed with rich karst
water resources but in different temporal and spatial distribution. As the main water source for the ecology and
landscape of Lijiang Ancient City, Heilongtan springs have frequently dried up in recent years, which has seriously
affected the production activities, daily life, and tourism quality of Lijiang Ancient City. The principle of reservoir
model is to divide the karst aquifer system into different parts according to its structure or hydrological process. Based
on the above division, each part has been generalized into a corresponding reservoir connected by a certain way in
order to simulate the discharge of karst springs. The conventional reservoir model of continuous discharge has been
widely used for reproducing the discharge of perennial springs. However, this continuous discharge model performs
poorly in simulating the dry-up of karst springs. By setting the discharge law from epikarst reservoir to conduit
reservoir as a hysteretic transfer function, this study reasonably reproduced the hydrological process of the dried-up
springs. Several conclusions have been drawn as below. Firstly, Heilongtan spring area can be generalized as a
reservoir model composed of epikarst regulation reservoir (E), matrix reservoir (M), and conduit reservoir (C).
Discharge of Heilongtan springs has been successfully reproduced by the above model. Secondly, the rainy season and
the normal season models can effectively simulate the spring dynamics based on the continuously discharge law. By
setting the hysteretic discharge of the epikarst reservoir, the dry-up of the springs can be reproduced. To further
characterize the multi-year regulation and storage characteristics of karst aquifers, additional reservoirs are needed.
Thirdly, the simulation results show that the recharge from Reservoir E to Reservoir M is not sensitive to the rainfall,
while the discharge from Reservoir E to Reservoir C is very sensitive to the rainfall, which indicates that the karst
conduit in the Heilongtan spring area is developed and well connected, leading to the concentrated recharge and rapid
increase of discharge at springs. Finally, the vast majority (82-95%) of Heilongtan spring water is recharged from
Reservoir C. The threshold of rainfall required to trigger the rapid replenishment from Reservoir E to Reservoir C is
relatively high. Moreover, the discharge from Reservoir C is characterized by sharp increase and decrease. The above
characteristics cause uneven temporal and spatial distribution of karst groundwater, which can lead to the dry-up of
springs. The research findings provide a reference for applying the hysteretic reservoir model to the simulation of

karstic dried-up springs and help to understand the hydrological process of this type of karst system.

Key words karst spring, reservoir model, hysteretic discharge, hydrological process, Heilongtan
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