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Fig. 1 Geological structure of the study area
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Table 1 ~ Statistics of stratigraphic information of western boreholes
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Fig. 2 Geological profile from western to urban areas
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Table 2 Results of water pumping and depth reduction of

boreholes in western areas
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Fig.3 S~ curve of pumping test in JZ and K05 boreholes
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Fig. 5 Dynamic curve of water level from western to urban areas
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Fig. 6 Monitoring value of Mo ion concentration in No. 14 Middle School
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Table 3  Analysis statistics of water samples/mg-L "'

g G5 pH Na' Ca”’ Mg K cr Noye HCO; NOj;
X R 7.60 28.70 131.00 21.20 1.22 59.80 109.00 292.00 46.10
JZ 8.14 20.90 157.00 22.90 0.65 53.10 185.00 277.00 77.10
ﬁ%z&[? HY 7.54 0.22 16.40 0.99 2.24 7.49 7.78 36.50 0.73
SSzZ 7.84 78.30 160.00 20.70 0.58 132.00 196.00 310.00 58.80
K% 7.85 20.90 104.00 16.50 1.35 36.50 84.60 259.00 27.50
By 8.08 11.70 71.90 11.80 0.89 23.80 44.40 206.00 18.70
PERB KA3 7.78 13.40 97.30 18.40 0.72 53.70 34.80 268.00 42.50
Gl 8.10 9.93 63.70 12.50 0.78 22.60 31.20 195.00 13.20
KAS 7.58 15.20 114.00 17.40 1.08 34.30 54.70 243.00 102.00
Nwz 7.56 26.40 139.00 24.70 0.98 61.80 112.00 295.00 51.60
R ZD 7.60 32.20 132.00 23.20 0.56 64.70 108.00 277.60 45.30
SD 7.60 30.10 109.00 20.60 1.16 60.60 107.00 265.31 36.00
* 4 WERERI.ABEBKEXREER
Table 4 Correlation matrices of groundwater between the urban area and eastern and western areas
SES NV HY SSz Kig = ka3 Gl KAS  NWZ ZD SD
BRI 1.000 0
JZ 0.9549 1.000 0
HY 09456 0.8480 1.0000
SSZ 09491 09506 0.8451 1.0000
ST 09964 09386 09577 09276 1.0000
Biras 09834 08958 09684 0.8864 09931 1.0000
KA3 09665 0.8569 09569 08612 09715 09878 1.0000
Gl 09716 08667 09700 08637 09843 09980 09907 1.0000
KAS 09406 08887 0.8788 0.8323 09349 09404 09552 09318 1.0000
NWZ 09995 09588 09428 09477 09945 09805 09650 09680 0.9449 1.0000
ZD 09993 09565 09413 09565 09935 09781 09623 09657 09359 09992 1.0000
SD 09977 09534 09399 09599 09943 09792 09585 09671 09218 09959 09972 1.0000
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Table 5  Statistics of stratigraphic information of eastern boreholes
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Fig. 9 Geological profile from urban to eastern areas
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Table 6 Results of water pumping and depth reduction of

boreholes in eastern areas

Bifl K dt/m’ h KA /m
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SD
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ZD 124 5.0
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Fig. 10 Contours of kast water from urban to eastern areas
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Study on the hydraulic connection between downtown and eastern
and western suburbs in Jinan

YU Lingqinl’z, LIN Guangqil’z, LIU Yuanyuan3, QI Huan'?, MENG Qingzhail’z,
MA Hekuan"*, JIANG Lulu"’, LIU Chunwei'
(1. 801 Institute of Hydrogeology and Engineering Geology, Shandong Provincial Bureau of Geology & Mineral Resources, Jinan, Shandong 250014,
China; 2. Shandong Engineering Research Center for Environmental Protection and Remediation on Groundwater,

Jinan, Shandong 250014, China; 3. Shandong Polytechnic College, Jining, Shandong 272067, China )

Abstract  In order to identify the hydraulic connection between the spring water in Jinan city and the karst water in
the western and eastern suburbs, we conducted a study to analyze the hydraulic connection between the three from the
perspective of stratigraphic structure and hydrodynamic field, combining with the restults of pumping tests and tracer
tests. Meanwhile, we also performed hydrochemical and correlation analyses.

The results show that from the perspective of stratigraphic structure, there is no obvious water-blocking structure
in the area of Huaiyuan Square-NO.9 Middle School-NO.14 Middle School near the rock contact zone on the north
side of Liuchang mountain between downtown and western suburbs, and a continuous karst aquifer group is developed
below the rock body at a burial depth of about 350 m. The Chaomidian fracture on the west side has good water
conductivity and the urban spring water and karst water in western suburbs can be hydraulically connected through the
aquifer of Sanshanzi Formation below the rock contact zone. The tongue-shaped intrusive rock body exists in the area
of Yanchi mountain-the Qili river between downtown and the eastern suburbs, which plays a certain role in blocking
the karst water of downtown springs and eastern suburbs, but the Wenhuagqiao fracture does not form a water blocking
structure, and the aquifers on both sides are less misshapen, and the distribution of karst aquifers to the east of the
Wenhuagiao fracture and south of Yaojia is continuous and stable. The karst aquifers are exposed at a depth of 485 m
north of the Honglou Campus of Shanda University. The urban spring water and karst water in eastern suburbs have a
unified water system, which can be hydraulically connected through the aquifer of Sanshanzi Formation below the
contact zone of rock mass.

The western borehole pumping test shows that the top plate of the aquifer in the areas of Huaiyuan Square-NO.9
Middle School-NO.14 Middle School is gradually deepened from south to north. Both the horizontal and vertical
fissures in the intrusive rock above are evenly developed. The fissured water can be recharged by the top-supply of the
underlying karst water group. Due to the overall water-richness and smooth groundwater runoffs, the urban spring and
the karst water in the western suburbs have hydraulic connection. The eastern borehole pumping test shows that the
rock body in the area of Yanch mountain-the Qili river is gradually thickening from south to north with the depth
increase of the top plate of the aquifer. The fissures in the rock body are developed with overall water-richness of the
eastern Jinan strata and smooth groundwater runoffs.

The water level map shows that there is no sudden change of water level on both sides of Liuchang mountain-
Langmao mountain-Wanling mountain between urban area and western suburbs, and the water levels of the two areas
are roughly the same with continuous and steady water level, indicating a connection between the two in the
hydrodynamic field. Groundwater on the west side of the area of Yanchi mountain-the Qili river flows in the northwest

direction, while groundwater on the east side of the same area flows in the northeast direction. However, both the urban
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incidence of karst collapse in this area, with the collapse area expanding northward from Jiuxian county to the
Yuanzhuang-Yanglou area. After 1995, the intensity of karst collapse in the area decreased, but there still occurred
collapse from time to time. By 2001 the development period of karst collapse in the area, the water level showed an
overall downward trend and fluctuated above and below the bedrock surface, with an elevation of 95-110 m. In the
first half of 2003, high-intensity mining continued, with water levels ranging from 86 m to 98 m. In 2013, the high-
intensity mining in the rainy season and continuous low water levels caused geological disasters of high-intensity karst
collapse at a large-scale. Since 2005, water levels have shown an overall upward trend, fluctuating between 106 m and
116 m above the bedrock surface. During this period, one time of collapse occurred in 2006, and no new collapse was
observed. Based on the relationship between water level dynamics and karst collapse, the critical water level of the
water source area to prevent karst collapse is 108 m, located 2 m above the roof of the karst aquifer. (4) According to
the groundwater management model, the mining output of karst water in the simulation area at the critical water level
is determined to be 82,000—85,000 m’-d ', of which the exploitable volume of centralized exploitation in the water
source area of Jiuxian county is 32,000-35,000 m’-d"'. This study is of great significance for the sustainable
development and utilization of karst groundwater resources and the tackling of environmental geological problems.

Key words groundwater level, impact of human activities, manual mining, karst collapse, groundwater optimization

model
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area and the eastern suburbs are recharged by the same source. Therefore, if karst water in the eastern suburbs is
exploited excessively, part of karst water flowing to the urban area from the southern mountainous area will be taken
away, which will affect, to a certain extent, spring water in the urban area.

The water chemistry analysis based on Piper's trilinear diagram and hydrogeological conditions shows that the
chemical types of urban spring water are the same as those of karst water in the eastern and western suburbs, and the
three areas have the same evolutionary environment. According to the correlation analysis between the urban spring
water and the karst water in the western suburbs, the main chemical indexes of the fissure hole JZ and SSZ boreholes
are correlated with those of the urban and western suburban boreholes, with all coefficients larger than 0.84, which
indicates that the fissure water in JZ and SSZ boreholes is closely correlated with karst water. There is a vertical runoff
channel in the area of Huaiyuan Square-NO.9 Middle School-NO.14 Middle School, and the intrusion above fracture
water in the rock body can be recharged by the top-supply of the lower karst water rock group. The urban spring water
and the karst water in the western suburbs are of the same source. According to the correlation analysis of urban spring
water and karst water in eastern suburb, the correlation of the main chemical indexes between karst water collected
from eastern suburban boreholes and urban spring water is larger than 0.95, an significant positive correlation,
indicating the same source of karst water in both eastern suburban and urban area. According to the content distribution
of the constant ion components in karst water in the study area, water chemical components of the urban spring and the
karst water of the western and eastern suburbs are formed mainly by the dissolution of carbonate rocks. Karst water of

the three areas is in a similar groundwater environment, and there is a certain hydraulic connection.

Key words springs in Jinan, karst water, the contact zone of rock mass, channel of runoff, hydraulic connection,

groundwater flow field, Evolutionary environment
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