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Fig. 1 Geological map of the Jinci spring basin

55 b VR K 2Z B K TR R A P T R R
B TR 2, FRTSER . FRIAST S R 28, X A A X 05 e ) o
HEA K2 Rl B Rz, A6 5 1 X R TR
MNAR IR TR, TR MR (R 4
B JEAL AT 1 “UB U™ A FH T 559, 626 TR A i) Sz S )
HE KT 6 A H LL L KR 322 2% 18 A 7 X 4%
KEFERE, TERRER AT X T 3 i 2 | YR
HUERPFRERI | Bl FL A D USRS GRAS, ALy i X
WHMELLIRTS

A6 J7 0 SR R GE LB RN TE B R, 45 SRS DUAH
XTST | SERE AT K R G AT IR K 2 %
R A IR R R R AR RER A KA g
) LA R 35 18] — B4 ok SR B0 R0 Jmy ¥4 1 25 4 1 AR
FRAR AT i 1, 7 R R AR X A BT
KEE TR U R B sl A FRK 2, R
R K, BRTECIR K AR A B ANA S, A7 7E 5 #
5 B AR A S 55 U R AN G A IR K
Wi 45 1 AB RN, #NA TR S HMNA T KRR, RGE4S



824 AR

2024 4E

a5 2 T T RN A A 5 U A e [ P R XA
B WEMETTT RABON I AT A
R FHVEMERS, BN S RO RE R, B = ok
RPN S AL

ARSCAEALTT K R GURAARANG AR T RS
IR SCHBIT A B i 5 K2 R GE By 15 1R RE 32 25
TR MEERD b, RS KR AR A B
K 8995 T MR K 73 IX B B S B 3R,
B ARPEBUC A 3 5 KR TRESH M 2545, $2 A
IR ABANRSREE | EEHR Ak BRSO
JEE AR 4 AT AL T7 5 3 5 K2 B 5 PERE Y
FEAR, I T A AL T7 ST 05 K 2R G A 2R
WO A TR BT iE PEREVEAN o

211

AR A
H

& =
AT SRR FE R, 15 e e B N B s A %
TR L 4 ok 52 N7 s TRD AN, 75 e it s A £
B TRAGRE i FoRe B 22, A0S0 1Y B RE bR .
SURE IR R R, 7R b T K ISR B 15 1k B R, A
W ZE5 Y

AR AR B R R B b R K R 4 H DEM 5
FEEUE I ArcGIS THE AR . Hrr IR BN 5 K e
KAVTHEE R 951.33 m, /N 0 m.

FEBR 73 P S BRAR X AR - O IR Sl oty i i BB

BREELBBRE N 3T ma P, JF Ll 1a, 5a, 10a,
20 a (BRI AT 09 (£ 1) o

v

®1 BSTFEERNSIMERESRR

Table 1 Grading of thickness of unsaturated zone and infiltration recharge intensity
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Table 2 Average annual seepage volume of each river
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Table 3  Grading of lithology of overlying strata and water abundance
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Vulnerability assessment of karst groundwater in the Jinci spring area and the
zoning of protected areas for water quality

ZHAO Chunhong"*’, SHEN Haoyong"*’, LU Haiping"*’, WANG Zhiheng'*’,
LIANG Yongping"*’, TANG Chunlei"*’
( 1. Institute of Karst Geology, CAGS/Guangxi Karst Resources and Environment Research Center of Engineering Technology, Guilin, Guangxi 541004,

China; 2. International Research Centre on Karst under the Auspices of UNESCO, National Center for International Research on Karst
Dynamic System and Global Change, Guilin, Guangxi 541004, China; 3. Pingguo Guangxi, Karst Ecosystem,
National Observation and Research Station, Pingguo, Guangxi 531406, China )

Abstract Jinci spring is a famous karst spring in Shanxi Province, and its backflow is an ecological restoration goal
of the Shanxi Provincial government. Composed of Nanlao spring, Shengmu spring, and Shanli spring, Jinci spring is
exposed at the foot of Xuanweng mountain in the western mountains of Taiyuan, twenty-five kilometers away from the
city center, and it is a concentrated discharge point for karst water in the Jinci spring area. Karst water in the spring
area is mainly supplied by atmospheric precipitation infiltration and leakage from rivers and reservoirs. Karst water in
the Jinci spring area is an important water source for people's life and industrial and agricultural production in Taiyuan
City. In recent years, with the intensification of climate change, large-scale development of karst water, coal mining
and other human activities, especially after the construction of the second reservoir of the Fenhe river, the karst
hydrogeological conditions in the spring area have undergone fundamental changes, with the spring area expanding
from 2,030 km’ to 2,713 km’, which has affected the evaluation, management and protection of karst water resources
in the spring area. The original zoning of protected areas can no longer meet the needs of water resource management
and protection. Therefore, it is urgent to re-zone the protected areas and formulate corresponding protection measures.
In terms of the problems on water quality and quantity, there exist differences in the causes, regions, and protective
measures, and thus LIANG Yongping et al. proposed the concepts of "water quantity vulnerability" and "water quality
vulnerability", as well as a method of "first classifying, and then grading" for the zoning of karst aquifer protected
areas.This study focuses on the hydrogeological conditions of special recharge, runoff, and discharge in the karst water
system of North China, as well as the main influencing factors of the antifouling performance of karst aquifer systems.
It combines European methods and "water vulnerability assessment" to evaluate the antifouling performance. Based on
infiltration duration of karst water in the unsaturated zone, leakage of rivers and reservoirs, precipitation infiltration in
different regions, and replacement of karst aquifer media structure with water abundance, this study selects four factors
to evaluate the antifouling performance of karst aquifers in North China, including the thickness of unsaturated zone,
the amount of infiltration recharge, the lithology of overlying strata, and the water abundance of karst aquifers. Taking
the newly divided karst water system in the Jinci spring area as the evaluation object, this study aims to evaluate the
vulnerability of karst water system in the spring area and to zone the protected areas.The results show as follows, (1)
The protected areas are mainly distributed in Jinci park and its surrounding areas. (2) The first-class protected areas are
mainly distributed in the main stream of the Fenhe river, the exposed areas of carbonate rocks in the front of western
mountains of Taiyuan, and the leakage sections of carbonate rocks in Tunlanchuan, the Tianchi river and the Liulin
river. (3) The second-class protected areas are mainly distributed in the north of the spring area and the north bank of
the Fenhe river. (4) The quasi-protected areas are mainly distributed in the south bank of the Fenhe river and the
Taiyuan basin in the southeast. The newly zoned protected areas for spring water quality can provide a basis for the
rational protection and scientific utilization of karst water resources in the Jinci spring area.

Key words vulnerability assessment, protected areas for water quality, karst groundwater, the Jinci spring area
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