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Fig. 1 Geology of the groundwater source area in Jiuxian county
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Fig. 2 Annual groundwater level dynamics-precipitation curve

of No0.296 monitoring hole for observing pore water in Jiuxian

county in 2021
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Fig. 3 Interannual groundwater level dynamics-precipitation
curve of No.296 monitoring hole for observing pore water in

Jiuxian county from 1990 to 2021
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Fig. 12 Fitting diagram of pore groundwater flow field during the identification and validation period in December, 2021
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Table 1 Values for precipitation infiltration coefficient in the simulated area after identification and verification

ZHrIX SR IX SR X HTR
1 0.12 LIRS BREE X
2 0.20 FERRWIRTHIAT, A AR B Ik Ao aD, JE R
3 0.30 PO E B, 5 b Er iR
4 0.14 BRI
5 0.25 DL FRBOTPEI, £ SR oAb | Bk, AT 35 R
6 0.22 PEFZRLEIRIX S LAY, A 2 B0 gt + e Ao b
7 0.22 A3 T IX K IR R
8 0.21 FeBR 1L ATHHE

*® 2 RFIEIEREIX FLERKSE REBANLGL K ERIE

Table 2 Pore groundwater permeability coefficient and yield value in the simulated area after identification and verification

AIX KEK/m-d”™ Fe[A/m-d” YK J3IX KK /m-d™ [ K/m-d”’ 2K EE

1 0.15 0.000 10 0.040 8 3.00 0.000 30 0.23
2 0.15 0.000 10 0.040 9 0.85 0.000 15 0.30
3 2.80 0.000 18 0.070 10 0.75 0.000 15 0.30
4 3.00 0.000 30 0.230 11 3.00 0.000 50 0.35
5 15.50 1.500 00 0.200 12 0.50 0.000 10 0.25
6 0.15 0.000 15 0.045 13 5.00 0.000 50 0.35
7 3.00 0.000 30 0.230

% 3 RAFIBIEEEIIX AR KEE REAIK RERE

Table 3 Values of permeability coefficient and storage coefficient of karst water in the simulated area after identification and verification

3IX KK /m-d™ T K/m-d’ H A K /m™
0 15.0 104.00 6.0x10™
1 5.0 0.50 5.0x107™
2 45 0.45 3.0x10"
3 25 0.25 2.5x10™
4 2.8 0.28 3.0x10°
5 2.0 0.20 5.5x10™
6 2.3 0.21 3.5x10°
7 4.0 0.40 5.0x10°
8 45 0.80 9.5x10°
9 4.0 0.20 5.0x10°
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Table 4 Equilibrium analysis of groundwater amount in simulated mining for 10 years
I WAR I Tm’d WAL H T m’ 4 Hr /%
MK AB & 6.80 2 482.00 83.64
T AB 0.28 102.20 3.44
fLERAK WAL E 0.85 310.25 10.46
NN 0.20 73.00 2.46
e /N 8.13 2967.45 100
FEm A B i 0.58 211.70 6.61
TE S 2.55 930.75 29.04
HHIK ) 1) A28 97 0.65 237.25 7.40
AN 5.00 1825.00 56.95
/N 8.78 3204.70 100
Ay TR 1.50 547.50 23.08
FLBRAK A 5.00 1825.00 76.92
—— /N 6.50 237250 100
TR HIAE HH R 3.50 1277.50 41.18
FHK ST R 5.00 1825.00 58.82
/Nt 8.50 3102.50 100
FLERKAME2E 1.63 594.95 /
FAHKAMIEZE 0.28 102.20 /
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Fig. 18 Prediction of groundwater flow field from optimized exploitation of water resources in Jiuxian county till 2030
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Fig. 19 Prediction curve of groundwater level at No.14 well in

the groundwater source area of Jiuxian county
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the groundwater source area of Jiuxian county
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Dynamic characteristics of groundwater level and exploitable amount of
groundwater source in Jiuxian county, Tai'an

WEI Kai'?, WANG Yanling'?, ZHAO Zhiwei'”?, WU Yanan"?, ZHAI Daiting"’, YAN Baizhong’
(1. No.5 Geological Brigade of Shandong Provincial Bureau of Geology and Mineral Resource, Tai'an, Shandong 271000, China; 2. Key Laboratory of
Karst Collapse Prevention and Control, Shandong Provincial Bureau of Geology and Mineral Resources, Tai'an, Shandong 271000, China; 3. School of
Water Resources and Environment, Hebei GEO University, Shijiazhuang, Hebei 050031, China )

Abstract In this study, the effect of human activities on the evolution characteristics of groundwater levels in the
water source area of Jiuxian county and its influencing factors have been discussed, based on the data of groundwater
levels, annual precipitation, groundwater mining output and karst collapse in the study area from 1980 to 2021. The
critical groundwater level to prevent karst collapse has also been determined. In addition, based on Modflow-GWM
software, a coupled simulation model for the flow and management of karst water system in Tai'an City and Jiuxian
county has been constructed, thereby exploring the allowable extraction of water resources in terms of the karst
collapse prevention.

The research results indicate that, (1) The annual dynamics of interstitial water are significantly affected by
precipitation, with the lowest annual water level in late June and the annual highest from late August to late September
during the rainy season, presenting the characteristics of "precipitation-replenishment" type. The dynamics of karst
groundwater within the year are affected by the obstruction of pore water discharge in the Quaternary system. The
highest water level within the year generally lags slightly behind the concentration from September to October, while
the lowest water level occurs from May to June. The groundwater level changes by about 5 meters within the year. The
water level changes exhibit a characteristic of "a low water level in the dry season and a high water level in the wet
season", and the dynamic changes of water levels are characterized with the type of "precipitation infiltration-mining".
(2) The groundwater level in the water source area of Jiuxian county showed a significant downward trend from 1980
to 1990, and the karst groundwater level showed a basic fluctuation and decline from 1990 to 2003. The groundwater
level in the water source area has increased significantly since 2004. (3) Since 1988, the water source area in Jiuxian
county has entered a period of high incidence of karst collapse. From then on to 1994, the water level had rebounded,

fluctuating between 96 m and 108 m and was located near the bedrock surface. This period had also experienced a high
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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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