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Abstract: Jinci Spring, which is composed of Nanlao Spring, Shengmu Spring and Shanli Spring, is exposed at the foot of Xishan
Mountain in Taiyuan. The average horizontal discharge of Jinci Spring was 1.94 m’/s from 1954 to 1958. Pingquan spring, located in
the piedmont fault zone with Jinci spring, became the source of superlarge karst water self— flowing wells in 1978, with the
maximum self—flowing rate reaching 1.56 m’/s. Because of the exploitation of these self—flowing wells, the flow of Jinci Spring
dropped sharply and was cut off on April 30, 1994. The study of the hydraulic connection between Jinci Spring and Pingquan Spring
in Taiyuan, Shanxi Province, is of great significance for the formulation of Jinci Spring recharge plan. With Jinci spring and
Pingquan spring as the research objects and through sample collection and water quality monitoring, hydrochemistry (ion ratio,
sulfur isotope, hydrogen and oxygen isotope) methods were comprehensively applied. The result has revealed hydrogeochemical
characteristics and environmental isotope characteristics of Jinci spring to Pingquan spring as well as the characteristics of
groundwater flow system and hydraulic connection. From 1980 to 1992, the change of groundwater level in Jinci Spring showed a
steady downward trend. The main reason was that a large number of karst groundwater was exploited in Taiyuan Chemical Industry
Company, Kaihua Valley, Pingquan Village and Liangquan Village in Zhaoxu County, which resulted in the decline of groundwater
level. The hydrogen and oxygen isotope values of karst groundwater in Jinci spring to Pingquan spring area were close to each other,
indicating that the source of recharge and the way of recharge were quite similar. Water quality monitoring analysis shows that the
change trend of each ion in Jinci spring and Pingquan spring is basically the same, suggesting that Jinci spring and Pingquan spring
have close hydraulic connection, so Jinci spring and Pingquan spring must have a strong water channel. The water level of Jinci

spring can be raised by curtain grouting on the downstream water channel of Jinci spring, so that Jinci spring can flow out.

Key words: Jinci spring; hydraulic connection; dynamic characteristics; hydrogeochemical simulation; stable isotope;
hydrogeological survey engineering; Taiyuan; Shanxi
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Fig.1 The Hydrogeological map of Jinci to Pingquan spring path
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Table 1 The information of sampling point
IKFES 5 KA gL gERZ)  Sffm JFRm HE O BREHE kAl
Joo1 FERRBUK  37°36'47.4° 121°15'30.7" 774 100 (o} 2016.5 KAy
J002 K 37°37'01.3" 121°15'51.0" 793 400 (o} 2016.5 fa1 o b
J003 FERRBUK  37°3727.5° 121°19'46.8" 814 120 0, 2016.4 fa1 o3 bt
J0o4 HIEIR 37°37'50.4" 121°20'18.4" 793 240 0, 2016.4 s
J005 HIEK 37°3820.9" 121°21'03.2" 796 250 0, 2016.4 fa o b
J006 HIEK 37°39'01.8" 121°22'07.4" 817 310 0, 2016.4 fa o b
J007 FIEK 37°40'14.9" 121°23'46.0" 813 450 0, 2016.4 v
J0o8 FIEK 37°40'34.2" 121°24'07.0" 832 172 0, 2016.4 fa o b
J009 FARBIK  37°40'54.0 121°23'01.8" 992 20 0, 2016.4 fii 734
Jo10 K 37°40'59.7" 121°24'38.9" 829 400 0. 2016.4 sy
Jo11 K 37°41'06.5" 121°24'34.5" 843 400 0. 2016.4 sy
Jo12 K 37°42'28.4" 121°26'02.9" 824 230 (o} 2016.4 sy
Jo13 AKX 37°42'48.0" 121°26'16.0" 809 410 0. 2016.5 Ecviniin
Jo14 AKX 37°45'43.5" 121°27'29.5" 841 200 0, 2016.4 f&1 o b
Jo15 K 37°48'14.4" 121°28'50.7" 817 420 0. 2016.5 sy
Jo16 AKX 37°48'14.9" 121°28'11.1" 859 510 0. 2016.4 Sy
Jo17 HEARBUK  37°49'36.3" 121°2909.2" 790 100 C 2016.5 e
Jo18 AKX 37°49'44.4" 121°25'32.5" 956 530 0. 2016.5 s
Jo19 K 37°50'11.6" 121°24'11.2" 1090 730 0. 2016.5 e
J020 K 37°5024.6" 121°25'31.9" 927 600 0. 2016.5 ESiY
J021 K 37°51'19.6" 121°24'33.7" 955 450 0, 2016.5 Eovg i
J022 K 37°52'32.8" 121°25'11.4" 984 500 0, 2016.4 f&1 43 bt
J023 K 37°53'19.5" 121°26'29.6" 902 700 0, 2016.4 f&1 o3 bt
Jo24 WK 37°54'12.9 121°27'33.1 899 520 0, 2016.4 Sy
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Table 2 Karst groundwater hydrochemical type of Jinci spring catchment

. 453/ (mg/L) e g0
" e pH Ca™ Mg* K" Na" CI SO, HCO; NO; S AR
Jo1 23.8 72 290 77.8 1.89 25 23 966 131 0.93 2.85 Ca—SO0.
J02 24.1 7.3 287 71.3 1.92 23 22 915 154 34 / Ca—SO0.
Jo3 18.9 7.4 76 11.6 1.64 45 21 73.2 281 10.8 / Ca-Na—HCO;
J04 25.6 7.1 283 75.2 1.86 23 21 813 235 1.09 237 Ca—SO0.
JOS 24 7.3 294 64.8 2.1 23 23 805 233 0.57 / Ca—SO0.
J06 16.5 7.4 340 67.2 3.95 134 38 1153 281 1.29 / Ca-Na—SO,
107 233 72 257 66 1.86 24 20 725 241 1.41 3.02 Ca—SO0.
JO8 21.2 7.2 270 68.9 1.75 25 21 748 243 1.56 / Ca—SO0.
J09 20.3 7.9 73 18.8 1.16 33 13 89.5 248 17.2 / Ca Na—SO,-HCO;
J10 19.4 7.2 263 60.2 1.72 30 22 833 142 124 241 Ca—SO0.
J11 19.1 7.3 324 60.2 1.66 25 23 924 191 0.62 24 Ca—SO0.
J12 15.6 7.5 172 44 1.68 22 24 476 161 546  2.82 Ca—SO0.
J13 18.3 7.4 172 46.3 1.89 23 24 423 235 6.4 0.91 Ca—S0,-HCO;
J14 13.6 7 179 39.4 3.17 21 26 430 239 4.28 / Ca—S0,-HCO;
J15 56 7.1 373 55.4 11.4 19 14 1000 205 1.41 9.01 Ca—S0,
J16 36.2 6.9 417 94 10.9 21 20 1219 207 1.72 59 Ca—SO0.
117 23.1 7.6 31 11.1 0.71 81 41 34.8 204 17.7  0.55 Ca-Na—HCO;
J18 14.1 7.5 151 413 1.98 34 40 352 225 10.2 1.51 Ca—S0,-HCO;
J19 18.3 7.5 128 349 2.27 31 38 291 192 11 0.92 Ca—S0,-HCO;
120 16.6 7.5 139 41.7 1.71 34 45 379 162 11.2 1.92 Ca—SO0.
J21 223 7.7 101 324 1.41 22 31 260 157 5.77 1.81 Ca—S0,-HCO;
122 14.6 7.9 108 28.9 1.24 23 29 198 231 13 / Ca—S0,-HCO;
123 16.5 7.7 95 24.1 1.17 24 32 149 236 10.6 / Ca—S0,-HCO;
124 12 7.8 122 30.1 1.31 28 39 238 228 5.62  0.84 Ca—S0,-HCO;
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AR SR I17,124,313,719,718,121,120) , HEH X (OF-
SR, J04,711,7110,112,101,J07) , #K 3 (J16, 115)
SR B A R i AR G . oK (J16,715) S
W e e, HEJR AR K 5 28 BAR I TR
4.3 RHLERINEHE

0"S—=SO BTz FH T B B /K Hr B R 5 1 o U
Z(Temovski et al., 2018; Xiao et al., 2018; Zhou et

al., 2018; Sim et al., 2019), S AR ZEWF 5 T
FK VR 5 T A B B AR (R R0, R R R K AR
& A A R TR B 5T XM K Rh 4 ok TR
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Pasvanoglu, 2013; Zhang and Li, 2019), ¥4 R—F
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R K TP R RS B 3 FORIE, RIRFEK 78k
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Table 3 Mineral saturation index in karst groundwater

W% CaSO, CaCO; CO, CaMg(CO,), NaCl KCl
EBR o -1.17 048  -2.15 0.58 -7.89  -8.53
PR -0.76 0.33 -1.7 0.42 2795 -8.61
BN N

:l_: >
6 én I/b\
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AR AR L B AR E T R, EE R R K
TER AT T K 52005—2012 4F , Hb R /KK 5 |
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