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Fig. 1 Hydrogeological background of Baotu Spring area



900 o A 2023 4E

RLEIEF R R Z T o i RAERERIZ R A AR SE M B gt AT 5. Zhas i 4 Ia
KRR X | EHAM G XFC AR X =g EZE A grapher 10.0 5 F 22 i, - ifi 151 3 220
Ko [BIEEAMA X FEEZFERAERKMBILAR  Gis B2 d o K65 bl g AR 0u=014-
BT RBRAN, HEAAX EEEZRE R Y Op=(0rt 05000 ~(0t0s) HHEE, Forr, 0, K
VKRN, IS X 4t T K SZ AL L kit ABANAR, O RS AN, Oc S il B
PRBELPS T & 4, M5 26T XA P E gk AR AL, Qo /KR TR S AN i, O WA TR

RAE i, O MUK
2 BHEE 3 HR5H®

[ 1959 4EA I UK FRE KA g E ik gE 31 SROKIRERMIKAIHAFHE
AR AR\ O—BAET IR R AU R B S TR %iF 1959—2020 4E 5 K Sh ARG 4047, 155
WK B B D AR K R, EEIR TR K SO ORI R K R KBS R S (B D) .
P TR GFIRAMRATFGERL, JFRE EEAEE B X AR B B AR E7E 30 7 m>-d ™' AL,
H R AOK I L . B 25 SARTETT R B, ARG el ik 50.18 77 m’-d (1962 4F ) ; AR kg T
KA F/NO—AEGT R KITEI A G SR B B, JF SO0 SR . 5 2 K i ) T 5 5 400 SR /K 78
R TRK R I A B ARG . HEAMAX NI DI, W AR R, (H AR 5 2518 R e 3,
AEBETHE AREE £ AR A R R R RO AR VORI I® AR 25.60 77 m’-d 7 0 E 13.78 07 md .
] AR SN T EUE ST B S K SRRy SROKAR KA AR Y 30.48 m B4 DT KIE TR, 15
ANTPEEE RIARIGE TR, 2 RGO X0 e 215 SRk A7 20.08 m™, 78 2003 4 LUG A Bk &,
ST, BB SN B SEHIKAL 28.24 m, (A TE K & 1960 4K F-. IR

FAOEPEA P 3% F] IBM SPSS 22 fi4 pearson 7K i 5 7K o0 A B HARAL A4 A8 LA AR

F1 FEHNREREAMNARRERRKMALEITR

Table 1  Statistics of spring discharge and spring water level in the typical period of Baotu Spring area in Jinan

. FEXRFE/~10' m’d’ AEH SR KA /m
A I KEH e/ ME SFHIE Cv PN [E N s/ ME SFHIE Cv
1960s 50.18 26.13 36.66 0.24 21.86 28.75 30.48 0.04
1970s 20.13 9.42 14.20 0.21 28.67 27.25 27.90 0.02
1980s 9.29 0.04 3.79 0.80 2743 2426 26.25 0.04
1990s 15.71 0 6.56 0.94 27.80 2421 26.48 0.04
2000s 25.6 0.15 13.68 0.67 28.71 25.1 27.6 0.05
2010s 18.71 13.78 15.62 0.10 28.67 27.83 28.24 0.01

e AR RB(CY) I .
Note: variation coefficient (Cv) is dimensionless.
R i 5 T N BB ER & Y (0 B T PR B SR K T 2T 2 13 3k DT UL B B, 2003 4F LS Sk I
W I 2 T ), K B S R AKOK i T T ORIV R B
L =AU KA LR, 73518 28.15 m, 28.00 m 32 WHEEERKABIESHER
1 27.60 m. 454 T K (28 MK BhASHRAE , 45 22
G AR RN AR A B B (] 2), 1968 21 FEARERFAE
AELUHT M KT 28.5 m AH: WIS I B B, 1968—1980 BEK N B AN 1R (Qpy m) AT FRAE [ K HE (P, mm) |
GRS VB TR e AT AL B, 1981—2002 4E MR FRAK AR AN BB () LU AN IX TR (A, km?) 5
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Fig. 2 Dynamic curve of spring discharge and spring water level (1959-2020)
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Table 2 Statistics of correlation coefficient between spring discharge and the indexes such as precipitation and exploitation

B Bt — B BB = i By 2B
KRB (FFK ) 0.857" 0.344 0.560" 0.585" 0428~
AR RE TR -0.507 -0.523 0.389 0.418 -0.766"

T *FRTE0.057K - L BE ARG ** IR AE0.0 K- R FEHIE

Note: *indicates a significant correlation at the level of 0.05; ** indicates a significant correlation at the level of 0.01.

®3 RRESRKEFRERBEXSFRITER

Table 3  Statistics of partial correlation coefficient between spring discharge and the indexes such as precipitation and exploitation

K Bt — B — B = B BEpy B
P2 R (FK i) 0.844 0.679 0.609 0.487 0.529
IRASE R B (R =) —0.445 —0.746 0.471 0.219 -0.797
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Fig. 3 Interannual variation of spring flow and urban construction area in the direct recharge area
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Table 4 Statistics of total amount of annual ecological supplementary sources (ten thousand m”)

Ay 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
AR 800 900 800 1900 1900 750 1067 1811 1 800 2056
Ay 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
N 1848 1969 4104 5986 5976 6992 6325 6513 6 695 6595
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Fig. 4 Comparison of conversion influence quantities of various factors in the four stages
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Analysis of dynamic characteristics and driving factors of
Jinan spring water on a long-time scale

SUN Bin"*’, LI Changsuo"?, XU Qingyu"”, GAO Shuai'’, LIU Chunwei’, XING Liting*, YU Lingqin'
(1. 801 Institute of Hydrogeology and Engineering Geology, Shandong Provincial Bureau of Geology & Mineral Resources (Shandong Provincial Geo-
mineral Engineering Exploration Institute), Jinan, Shandong 250014, China; 2. Shandong Engineering Research Center for Environmental Protection and
Remediation on Groundwater, Jinan, Shandong 250014, China; 3. College of Environmental Science and Engineering, Ocean University of China,

Qingdao, Shandong 266100, China; 4. School of Water Conservancy and Environment, University of Jinan, Jinan, Shandong 250002, China )

Abstract  Springs of Jinan City in Shandong Province are typically large karst ones in Northern China. With 136
mouths of springs, there are four major spring groups, namely, Baotu Spring, Heihu spring, Wulongtan spring and
Pearl spring, distributed around the moat in the urban area. Springs are the lifeblood of Jinan City and play an
important role in the development of this city. However, since the dry season in 1972, the springs had witnessed
seasonal cutoffs. Baotu Spring even experienced complete cutoffs throughout the respective year of 1982, 1988 and
1989. From 1999 to 2002, the cutoff of this spring spanned 926 days, the longest cutoff time in history. Until
September 2003, thanks to a series of measures taken by the government, the four major springs began to gush all year-
round, but the spring flow is much less than before.

Currently, studies usually focus on short-time-span spring dynamics in Jinan instead of long-term comparative
studies on spring dynamics in different periods. Especially, the strong human influence on spring dynamics after
springs gushed again needs further research. Few analyses of the influence factors of complex human activities, such as
the impact of urban construction are relatively few. In these studies, the whole built-up area has been taken as the
object, which ignores the fact that the runoff discharge area itself does not have the condition of infiltration, resulting
in the overestimation of hardening area in statistics. In order to comprehensively explore the dynamic evolution of the
four major spring groups and the main control factors affecting spring gushing, we have conducted a study on the
dynamic characteristics and causes of springs over the past 60 years for the development and utilization of karst
groundwater resources and environmental protection in the Jinan region.

To identify the dynamic change pattern of the four spring groups in Jinan, we have studied the dynamic change
characteristics of the springs and their influencing factors such as natural-human activities, etc. through correlation
analysis, partial correlation analysis, regression analysis, and water balance analysis, based on a series of monitoring
data for a long term. The results indicate that the dynamics of the four springs in Jinan City have experienced four
stages: stage 1 from 1959 to 1967, at which the springs gushed spectacularly with a large amount of flow at a high
water level; stage 2 from 1968 to 1980, at which the landscape of springs attenuated with a small amount of flow at a
low water level; stage 3 from 1981 to 2002, at which the springs experienced long-term intermittent cutoff with a very
small amount of flow at a rather low water level; stage 4 from 2003 up till now, at which the springs gushed again
because of the regulated restoration. At stage 4, the average flow rate of springs decreased from 366.6 thousand m*-d ™’
to 142.0 thousand m’-d ', then to 46.9 thousand m’-d ', but subsequently recovered to 170.6 thousand m’-d'; the
average water level of springs decreased from 30.48 m to 27.91 m, then to 26.25 m, but afterward, recovered to
28.24 m.

In addition, this study quantitatively identifies the influencing factors and the degree of impact in each stage. The
main control factors at stage 1 are precipitation and extraction, with an average impact degree of 581.7 thousand m’-d"'
and —95.8 thousand m’-d"'; the main control factors at stage two are precipitation, extraction and water engineering,

with an average impact degree of 520.1 thousand m*-d "', —426.1 thousand m’-d ' and —59.8 thousand m’-d"'; the main
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HCO;-SO,-Ca-Mg. The recharging of water from the external source has a certain impact on the quality of the local
karst water. The changes in the ion content of karst water in the affected area are mainly caused by the physical mixing
of river water and karst water, accompanied by changes in water-rock balance. After a hydrological year, each ion
gradually approaches its original content level after supplementing the source. The research results provide a basis for
the scientific implementation of recharging and replenishment of the Yufu river, and have certain significance in
promoting the organic unity of spring protection and water supply. This article does not consider the impact of seasonal
atmospheric precipitation on groundwater hydrochemistry and isotopes. The atmospheric waterline used for isotope
analysis is not the local atmospheric waterline, and these issues may have a certain impact on the results obtained,

which is a topic that we need to further study.

Key words Yufu river, karst water, isotope, hydrochemistry, external water recharge, groundwater
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control factors at stage 3 are extraction, precipitation, water engineering, and urban construction, with an average
impact degree of —518.2 thousand m’-d”", 514.2 thousand m*-d™", —=69.2 thousand m’-d™" and —24.0 thousand m*-d"'; the
main control factors at stage 4 are precipitation, extraction, ecological replenishment sources, urban construction, and
water engineering, with an average impact degree of 553.8 thousand m’-d ', —254.4 thousand m’-d ', 103.6 thousand
m’-d "', —89.9 thousand m’-d"' and —65.6 thousand m’-d"'". In general, precipitation and extraction control the spring
flow, but other driving factors gradually increased with the development at the four stages. Before the springs gushed
again, the impact of precipitation gradually weakened, but the influence of extraction, urban construction and water
conservancy projects gradually increased by degrees. After the springs gushed again, the impact of the government's
regulation and control played a dominant role.

To keep a continuous gush of spring, first of all, we should ensure that Baotu Spring area 3-type water conversion
can be effectively carried out. Besides, we should strengthen dynamic monitoring and regulation, rationally coordinate
major factors such as groundwater mining, ecological replenishment and water conservancy projects, etc., and
formulate an optimal groundwater development program in a scientific and elaborate way, relying on the sharing
mechanism among different departments. Finally, in order to reduce the impact of urbanization on springs, we should
strengthen the protection and restoration of ecological environmental in the recharge area of southern springs so as to
improve the capacity of water resources conservation. The research results can provide basis for spring runoff

protection.

Key words Jinan, four major spring groups, spring dynamic characteristics, driving factors
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