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Abstract: Karst spring is the main natural discharge form of karst groundwater in northern China and is an important natural
resource with the functions of water supply, tourism and ecological environment. Nearly 30% of karst springs have been dried up,
influenced by natural factors, coal mining, especially by human beings’ large- scale development and utilization of karst
groundwater since the last century. The dried—up springs also include some world-famous karst springs. Since the 17th National
Congress of the Communist Party of China (CPC), local governments have actively responded to the call of the CPC Central
Committee and the State Council to strengthen ecological civilization construction, and hence ecological restoration projects have
been initiated for the reflow of some important karst springs. Based on the structural mode and genesis of the karst springs in
northern China, this paper proposes the spring reflow pattern, which includes the following measures: regulating the water flow of
the leakage section by using the water storage of the upstream reservoir, implementing artificial supplementary projects in the
seepage section of the river, closing the wells in karst groundwater strong runoff zones and drainage areas, blocking artesian wells
downstream of the spring water outlet, monitoring drainage in coal mines under pressure, and conducting afforestation measures in
recharge zones. Taking Jinci spring in Taiyuan of Shanxi Province as an example and based on the quantitative optimization
evaluation of the effects of these reflow measures, it is concluded that raising the storage level of the Fenhe Second Reservoir to the
design elevation, closing the drainage well of Baijiazhuang coal mine in the strong runoff zone of karst groundwater to reduce water
pressure, and plugging and disposing of artesian well downstream of spring outlet seem to be economically feasible and effective
measures in the near future. Finally, by using the numerical model of spring groundwater, it is predicted that, after the
implementation of these measures, Jinci spring water is expected to reflow in about two years. The results can provide demonstration

and reference for other karst springs of the same type in northern China.

Keywords: ecological restoration model; reflow measure; quantitative evaluation; hydrogeological survey engineering; Jinci spring;
Shanxi Province
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Fig.1 Geological section of monoclinic concordant—type spring domain structure
1—Waterproof floor of karst groundwater; 2—Carbonate aquifer; 3—Waterproof roof of karst groundwater; 4—Unconsolidated formation; 5—Karst

spring; 6—Contour of karst groundwater table; 7—Karst groundwater flow direction; 8—Surface water; 9—The location of surface water leakage;

10—Clastic rock spring
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Fig.2 Schematic diagram showing the deployment of the ecological restoration project of large discontinuous spring
1—Karst water resisting floor; 2—Carbonate aquifer; 3—Unconsolidated rock aquifer; 4—Karst water resisting roof; 5—Reservoir; 6—Karst water level,
7—River; 8—Water diversion project route; 9—River leakage section; 10—Coal mine; 11— Artesian well; 12—Karst spring and clastic rock spring; 13—

Well; 14—Seepage pit and channel; 15—Water source; 16—Serial number of measure of reflow engineering
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Fig.3 Schematic diagram showing the reflux project measures deployment of the Jinci Spring
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Fig. 4 The groundwater level response curve of Jinci spring to different measures unit impulse filling water quantity
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Table 1 The groundwater level response of Jinci spring to the main supply scheme

M 7 Y R—lekk b SR Bl S e Bl
AL AR N ]/ d 840 120 40 10 40
TR N TR/ d 4380 710 410 370 420
e RM R KA/ m 0.117 0.400 1.325 3.871 0.905
TR AR/ (cm/a) 0.156 1.703 6.425 19.780 4.008
Shiny/ e —JEHUK  —PEHUK XK RRIREIRHEKIE  JoKIECEBIIIEAK) 5T E it Sk
TFE T IR e BT Xt TR K BRI RbE I e
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Table 2 Daily and monthly evapotranspiration in
different lithology areas

b TR kA R X BEA X
M52/ % <40 40~80 >80 <40 40~80 >80

H¥%)7E80E/ mm 357 3.66  4.04 415 408 423
H¥7&80E/ mm 90.67 92.92 100.52 103.94 102.17 105.64
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Fig. 6 The prediction curve of water level and discharge in
Jinci spring under current conditions
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spring under the condition of adopting the recent reflow measures
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