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Fig. 1 Distribution map of groundwater sampling points in Feicheng City
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Table 1 Statistics of hydrochemical composition of groundwater from 1996 to 2015
Ay ik Ca?? Mg?* Na*t 4K HCO3 SO~ cl- TDS pH
/M 65.70 10. 20 1.00 126. 00 8. 65 14.50 204, 00 7.50
SYN -] 194. 00 48. 60 116. 00 353. 00 129. 00 2 550. 00 5 630. 00 8. 20
1 T8 106. 34 20. 70 29. 27 245. 80 62.01 601. 88 1629. 60 7.86
Frif 22 57.65 15. 87 48.91 82.36 55. 83 1.097. 66 2 287.01 0.34
Hx/IME 64. 50 4. 86 1.75 181. 00 11.50 8.15 248. 00 7.00
SN 248. 00 213.00 590. 00 403. 00 193.00 1 190. 00 2 367.10 8.10
2002 4
Rk 106. 38 26.53 38. 67 278.12 61.17 90. 77 462. 58 7.53
bR 22 38.49 39, 44 115.57 50. 74 41.16 230. 70 406. 43 0.33
s /IME 68. 10 12. 40 2. 00 188. 00 23.10 18. 80 244. 30 7.40
iGN 229. 00 30. 60 98. 70 287. 00 379. 00 197.00 1 063,60 8.00
S Rkl 95. 47 19.93 24. 55 245. 35 100. 36 45,17 408. 15 7.59
T 22 42. 68 5.54 25. 88 28.16 82. 37 51. 86 208. 80 0.17
/M 46. 20 24. 20 8. 90 171.00 46. 90 24. 00 330. 00 7.30
PN 207. 00 69. 30 45. 20 307. 00 250. 00 149. 00 821.00 8. 20
2015 4F
Rk 112.82 37.98 19. 69 246, 43 128. 47 68.63 518. 39 7.81
FrifE 22 41.33 10. 07 8.05 35. 54 52.74 33. 84 136. 00 0.18
Fz2 2015 FRE T T KLFR ST K Pearson 18X REE &
Table 2 Pearson correlation coefficient matrix of groundwater hydrochemical composition in Feicheng City in 2015
TDS pH Ca?t Mg? * Na® +K* cl- HCO; SO} NO;
TDS 1
pH —0.462" 1
Ca?t 0.919" —0.449" 1
Mg?" 0.327 —0.123 —0.019 1
Na® +K* 0. 395" —0.167 0.198 9 0.093 6 1
Cl 0.926**  —0.515**  0.881"" 0.247 3 0.376" 1
HCO3 0. 608" * —0.335 0.695" " 0.169 2 —0.178 0.569" " 1
SO%~ 0.879" —0.322 0.699"* 0.417" 0.509"* 0.703** 0.237 2 1
NO3; 0. 706" * —0.363 0.672%* 0.196 2 0.199 2 0.713** 0.361 3 0.612** 1

TEex % 780,01 KRR FEMRE; x 78 0.05 KT EREMRK,

PR Ca S HMBEARWAMHE XR D, C
Cl" .SOi \HCO; NO; MR XRRI, Hi 5 Clo
FYAH G R IR E 0. 881, A BB 2 HH T b 7 1Y ¥4 ik fifi 15
Clm i A ML F K, A A M Na® 585 Ca®' kA&
PR F 2 fe X 2 Ca™ SRR E 2 Nz — H K
B Ca®' kAT H A . H = A NET,
2.2 K{LFEHER

IRAR 22 A o3 28 2 R K K AR 28 RRAE BT 5T 1Y

HENEZ—., FIAH AquaChem ¥, ¥ iR # T
IKARRE WA 5 B Piper = ZRIEIVY (& 2)
& 2 AT TE 1996 48, I Tl B L K A
15 A O A TR B Y AL, 1 /K ISR i B TR0k
it ] 42 A0 R AE R K TP R TR 25 B2 2 L b T K K
Bl 1 R A 25 25 T4 b 32 S5 TR 3R B 52 e /DN B e
;AR CU " H bR AN KB R4, %
It S0 S 308 T 5 PN K Ak 2 2R B RGE  K BRI R 4, DA



702 i

B

2018 4E

B2 AR T kK F KB 53 2 Piper Z 4 E
Fig. 2 Piper trilinear graph showing the hydrochemical

type of groundwater in Feicheng City
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Fig. 3 Spatial distribution map of main hydrochemical composition of groundwater in Feicheng City in 2015
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Fig. 4 Gibbs diagram depicting the mechanism

controlling groundwater quality
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Fig. 5 Hydrochemical relationships between the rates of the selected ions of water samples
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Fig. 6 Chlor-Alkaline Index CA I and CA 1I indicating cationic adsorption
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Fig. 7 NOj concentration variation diagram of a factory
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Analysis of hydrochemical characteristics and formation
mechanism of karst water in Feicheng City

ZHANG Chao' ,ZHANG Baoxiang' ,ZHANG Jisheng®,DI Yan®

(1. Water Resources Research Institute of Shandong Province , Jinan, Shandong 250013, China;
2. Water Resources Department of Feicheng City, Feicheng, Shandong 271600, China)

Abstract Feicheng City, located in the central part of Shandong Province, is rich in mineral resources and is
a famous hometown of peach at home and abroad, and is one of the important industrial areas in Tai’an pre-
fecture-level city. The topography of the study area shows the basic trend of high in east and low in west,
and high in north while low in south. It inclines from northeast to southwest with a uplift topography in the
middle. In the south, there is the Wenyang Plain, which is characterized by the Dawenkou basin; and in the
north the Kanghui plain is characterized by the Feicheng basin. The city is divided into two major regions, i.
e. the north and the south parts, which naturally comprises four terrain types as low mountains, hills,
plains and waterlogged depressions. As an important industrial area in Tai’an City, the requirement for in-
dustrial and agricultural water in recent years has been increasing extremely, which has caused some environ-
mental hydrogeological problems such as excessive groundwater exploitation and deterioration of water quality.

This paper takes the chemical composition of groundwater in Feicheng as the research object. It com-
bines the hydrogeological conditions and the historical data of groundwater in the study area, and uses meth-
od of statistics for the study of hydrogeology and hydrogeochemistry on the basis of long-term measured da-
ta. The water hydrochemistry characteristics of the study area and its temporal and spatial distribution, the
formation mechanism of water chemistry and hydrogeochemical processes were discussed. The results show
that, (1) The chemical types of groundwater in the study area are mainly HCO; —Ca and HCO; —Ca « Mg.
The hydrochemical composition of water changed continuously, and the proportion of SO} and Cl  in
groundwater increased continuously. The main hydrochemistry type has changed to HCO; ¢« SO, —Ca + Mg,
accounting for 64. 29 % ,which also contains water types of HCO; + SO, +Cl—Ca *Mg and HCO, +Cl—Ca -
Mg. The main anions shifted from HCOj; to SO and Cl~, TDS and total hardness showed a significant in-
crease trend. (2) The spatial distribution and variation of the hydrochemical components in the study area are
in line with the traditional characteristics from the recharge area to the discharge area through runoff area,
and the distribution in discharge area is higher than that of recharge area. TDS is gradually increased from
recharge area in northeast part to groundwater runoff zone and discharge zone in the southwest. The areas
with poor groundwater quality are mainly distributed in Wangzhuang town and Shiheng town, which are the
main industrial parks in the northwest. The water quality in the southern Wenyang plain is relatively good.
(3) Through the application of hydrogeological, hydrogeochemical and statistical methods, Gibbs diagram
and ion scale coefficient are used to map and analyze the main hydrogeochemical processes that form the
groundwater hydrochemical characteristics of the Feicheng City. It shows that the leaching of calcite, dolo-
mite and gypsum is the main factor causing the change of groundwater quality in the study area. At the same
time, some hydrogeochemical processes occurred, such as salt rock dissolution and cation alternating adsorp-
tion, which makes the concentration of Na® and K* decreased and the concentration of Ca*" and Mg*" in-
creased. Changes in aquifer structure caused by human activities and industrial wastewater and urban domes-
tic sewage are also important factors in the transformations of groundwater composition.

Key words groundwater, hydrochemical characteristics, formation mechanism, Feicheng City
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