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Fig. 1 Geological map of Baotu Spring area and research area
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Fig.2 Schematic diagram of flow direction and velocity test
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Fig.3 Wind-rose diagram of flow direction and velocity test of karst groundwater
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Table 1  Statistics of chemical and isotopic components of spring and karst groundwater
it DS/ K7 Na/ ca¥/ Mg/ CIY -/ HCO;/ 8°0/ §D/ s
R sy PH mgL' mgLl' mgL' mgL' mggiL’1 mgL" nslgL{l mg']}l %o %o Lot
¥IME 780 52333 1.15 2557 12678 2279 56.14 100.50 272.11 —8.11 —58.15
PURIRAE BORME 7.80 52500 1.17  26.19 127.19 23.05 5637 101.39 275.00 —-8.10 —57.98  HCO,-SO,~Ca
F/ME 780 52000 1.1 2473 12597 2241 56.02 99.81 269.22 —8.12 —58.34
W 747 54367 150 3726 11950 2293 64.17 110.17 269.22 —7.94 —58.24
BIRRRAE BORMH 750 610.00 1.69 4274 134.87 2504 7445 12430 29237 -7.83 -57.53  HCO;-SO,~Ca
F/MHE 7.40 495.00 134  30.85 111.02 21.15 5495 96.88 257.64 —8.04 —58.91
BIE 753 47333 098 1849 116.67 21.22 49.40 87.10 263.43 —8.20 —58.81
TOREIREE BRI 7.60 490.00 099 1972 120.16 21.73 52.12 90.78 266.32 —8.18 —58.55 HCO,—Ca
H/MHE 750 460.00 097 17.06 112.89 20.76 4644 8295 260.53 —8.22 —59.03
WM 750 44600 127 2092 10521 19.94 4644 80.55 248.95 —8.08 —59.01
BERRAE BORMH 750 45000 130 2130 10581 20.13 4644 80.69 254.74 —8.08 —58.95 HCO;—Ca
H/ME 750 442.00 124 2054 10461 1974 4644 80.40 243.16 —8.08 —59.06
¥ 785 32900 208 3326 5627 1683 51.05 49.69 20553 —827 —59.97
PUEERAE  BORfH 7.90 390.00 299 4695 56.83 17.74 75.51 56.82 21421 -7.94 -57.24 HI—(IZCOO-};IC-Z:-AI\%a
F/ME 7.80 268.00 1.16 19.57 5571 1592 26.59 4255 196.85 —8.59 —62.70 ’
¥IE 775 56250 1.04 33.03 126.16 20.78 66.65 121.11 27646 —7.54 —55.41
MR BORME 790 62000 1.64 3355 143.89 2139 84.02 123.00 306.85 —7.43 —5475  HCO,-SO,~Ca
F/ME 7.60 505.00 044 3251 10842 20.17 4928 11921 246.06 —7.64 —56.06
I 7.36 772.00 1.09  64.04 164.89 29.17 103.66 173.52 337.53 —7.66 -55.86  HCO,'SO,~Ca
AR BORME 750 94000 1.93 9834 218.04 3634 119.48 208.93 425.53 —7.43 —54.66 HCO;SO,~Ca-Na
w/ME 710 600.00 054 3558 14128 19.81 8225 143.18 254.74 -7.91 —57.28 HCO;:SO,Cl-Ca-Na
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Research on recharge paths and recharge ratios near the
four major spring groups in Jinan

LI Changsuo'*’, GAO Shuai'*’, YIN Yanwei', PANG Wei'*’, SUN Bin"*’, LIU Haoran"*’, CHEN
Huanliang"*’, GANG Shenting'*’, XING Liting’, GENG Fugiang"*’
( 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. Key Laboratory of Groundwater Resources and Environment, Shandong Provincial Bureau of Geology & Mineral Resources, Jinan,
Shandong 250014, China; 4. Natural Resources Bureau of Xuecheng District, Zaozhuang, Shandong 277000, China;
5. School of Water Conservancy and Environment, University of Jinan, Jinan, Shandong 250022, China )

Abstract Due to its dynamic stability and good water quality, karst water in the northern region of China has
become an important water source for urban water supply, and industrial and agricultural activities, providing an
important support for economic and social development. Karst springs in Jinan City are also important natural
resources integrated with water supply, tourism and ecology. However, since the 1970s, the karst groundwater mining
has increased greatly with the rapid development of urban construction; consequently, four major karst spring groups
in Jinan gradually dried up and even incurred the cutoff. Until the early 21" century, the four major karst spring groups
began to gush again, thanks to the implementation of a large number of ecological control measures. But the water
quality of these spring groups is not as good as it was before and the flow is also not large as before. Moreover, there
exist ecological and environmental issues such as water quality deterioration, water flow decline, etc. Scholars from
around the world have conducted much hydrogeological research in Baotu Spring basin, including the source of
recharge of karst groundwater, the cycle of evolution, the relationship between karst cold water and northern
geothermal energy, the spatial distribution of karst water-bearing media and flow field characteristics, the conversion
relationship of karst water and surface water, etc. However, it is difficult to accurately grasp preponderant runoff paths
in karst aquifers at a scale of the hydrogeological unit, which is one of most difficult challenges in the study of karst
groundwater. oundwater.

The authors are convinced that the analysis of preponderant runoff paths of karst groundwater is prone to be not
precise, due to the limitation of spatial accuracy at a scale of the hydrogeological unit. Therefore, in order to clarify the
main preponderant runoff paths near the four major karst spring groups in Jinan, and to protect the spring water
resources in a more scientific and reasonable way, this study chooses the local area near the outlet of the karst springs
as the object, analyzes the preponderant runoff paths of the four major karst spring groups in Jinan, and calculates the
contribution ratio of the preponderant runoff paths for each karst spring group by using quantitative analysis of flow

velocity and flow direction, groundwater flow field analysis, hydrochemical isotope analysis, cluster analysis, and
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calculation of the mixing ratio of the three-terminal elements.

The study shows that the preponderant runoff paths of the four karst spring groups can be divided into the
western, southern and southeastern preponderant runoff paths. Among these paths, the southeastern preponderant
runoff path mainly comes from the karst groundwater recharge in the runoff area on the east side of the Qianfo
mountain fault; the southern preponderant runoff path mainly comes from the karst groundwater recharge in the runoff
area on the west side of the Qianfo mountain fault; the western preponderant runoff path mainly comes from the karst
groundwater recharge along the contact zone of gray rock and igneous body in the western suburb of Jinan. In general,
water chemical components, and hydrogen and oxygen isotope fractions of these four karst spring groups can be
devided into two areas in terms of spatial distribution, namely, the east-west strip distribution area of Zhenzhu spring
group and Wulong spring group, and the east-west strip distribution area of Baotu Spring group and Heihu spring
group, indicating that the four karst spring groups are subjected to a mixture of different preponderant runoff paths. But
even so, the main recharge path of every spring group is different. For example, both Baotu Spring group and Zhenzhu
spring group are recharged by the south recharge path with the respective recharge flow ratio of 40.21% and 51.04%,
Heihu spring group by the east-south path with the recharge flow ratio of 47.42%, and Wulong spring by the west path,
with the recharge flow ratio of 47.13%. The research findings can provide references for the formation mechanism and

ecological protection of karst springs in North China.

Key words Baotu Spring area, flow direction & velocity, hydrochemistry and isotopes, recharge path, recharge ratio
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