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Fig. 4 Locations of sampling and monitoring sites
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M 8 AT, R K CU &S S, BHE T
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Table 1 Statistics of hydrochemical parameters of groundwater (unit: mg-L ™', except for pH)

s HiH  pH DS TH Ca” Mg K Na' HCO; Nora cr NO3
Mean  7.34 998.81 380.60 94.23 34.71 1.78 199.04  104.33 135.62 385.94 35.94
e SD 0.27 2032.16 670.59  200.68 46.61 249 512.01 82.42 218.81 1103.45 32.57
Kfﬂf Cv 0.04 2.03 1.76 213 1.34 1.40 2.57 0.79 1.61 2.86 0.91

Min 6.90 67.21 46.12 12.93 3.36 0.13 2.17 7.65 3.05 21.53 0

Max 8.20 8877.64 306485 91097  191.90 8.82  2125.00  306.08 778.46 481271  101.35
Mean  7.20 1435.83 554.26 88.35 81.04 12.92 27795  108.77 235.23 560.83 69.69
SD 0.38 3211.69 802.72 63.12  163.27 36.36 927.56 75.61 403.37  1722.63 67.98
?Ei Cv 0.05 224 1.45 0.71 2.01 2.81 3.34 0.70 1.71 3.07 0.98
Min 6.50 74.83 39.20 8.31 4.48 0.17 6.67 15.30 10.68 13.13 0.36
Max 850  17138.10 359712  263.18  728.01  200.00 5000.00 369.84 161798 9160.70  244.75
Mean  7.30 301.99 138.71 40.88 8.90 4.43 30.69 85.07 56.11 40.91 23.25
SD 0.32 302.26 127.06 35.80 9.18 5.75 41.82 90.26 62.81 53.38 3327
wFRK  Cvo 004 1.00 0.92 0.88 1.03 1.30 1.36 1.06 1.12 1.30 1.43
Min 6.80 91.69 48.54 15.43 231 0.16 4.43 27.98 19.21 7.18 5.52
Max 7.60 814.84 351.78  100.80 2431 12.59 103.60  243.46 165.70 132.78 82.60

i Min R/ ME, Max K (H, Mean i F-3I{H, SDAbRfEZE, CvAE S REL

Note: Min represents minimum value; Max represents maximum value; Mean represents average value, SD represents standard deviation; Cv represents variation coefficient.
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Table 2 Matrix formed by principal component analysis T oo
PCI PC2 06 .
0431 (o0 04 (45 7 0.447
pH 0.007 70 0.641 80 0.4}
0.270
Ca” 0.270 27 -0.106 40 0.2
Mg 0.431 21 -0.056 97 0
K’ 0.396 81 —0.004 19 0
Na’ 0.444 05 0.006 05 ’
HCO; 0.099 17 0.482 26 -04}
SO?( 0.414 96 -0.072 80 —0.6} ~0.579
cr 0.447 43 -0.016 36 Ca Mg K Na SO,HCO, Cl NO, pH
NO; -0.063 99 -0.579 08
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Characterization of seawater intrusion based on multivariate statistical analysis and
water chemistry characteristics: A case study of Laoshan district, Qingdao City
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Abstract

industrialization and urbanization, the water demand for production and living in coastal areas has been rising year by

Groundwater is an important source of freshwater in coastal areas. With the rapid development of

year. Therefore, the increasing exploitation of groundwater has triggered seawater intrusion and increasingly prominent
environmental problems of groundwater in many places. Researching the hydro-chemical characteristics and

evolutionary patterns of groundwater enables effective monitoring and protection of the groundwater environment.
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Taking the groundwater in Laoshan district, Qingdao City as the research object, we mainly focused on the issues of
groundwater chemical characteristics, groundwater chemical processes, the degree of seawater intrusion and its impact
on groundwater. In addition, under the theoretical guidance of hydrogeology, we analyzed the characteristics of
seawater intrusion and evolution of groundwater hydrochemistry in the study area by means of data collection,
theoretical analysis, field investigation and sample collection and testing. The research findings can provide a scientific
basis for the rational development and utilization of groundwater in the area.

The results show that the groundwater in the study area has Na’, Ca™, CI, and SO?[ as the main dominant ions,
and most of the groundwater chemistry types are Cl-SO,-Na and SO,-Cl-Ca-Mg types. The Cl concentration in the
groundwater varied considerably and its mean value exceeded the cut-off value for the presence or absence of seawater
intrusion (250 mg-L™"), indicating that some degree of seawater intrusion may have occurred in groundwater.
Groundwater in the Laoshan district of Qingdao City is neutral to weakly alkaline (mean pH=7.0-8.0), which is an
effect of long-term hydrogeochemical processes in the coastal area. The results obtained by the PCA model show that
changes in groundwater chemistry are mainly controlled by natural factors (rock-water interaction) or anthropogenic
factors (agricultural and domestic activities). The five chemical characteristics of CI, mineralization, SO,
yCl'/YHCO; and SAR were selected as evaluation factors. Based on the inverse distance weighting (IDW) method and
geographic information systems (GIS), we achieved the spatial mapping of seawater intrusion locations, showing that
the seawater intrusion, in Laoshan district was mainly distributed in the intrusion sections such as the east of Jiangjia
Tuzhai—the north of Puli community, the area of Wanggezhuang-Gangxi-Gangdong, Yangkou bay and the area of
Danying village-Quanzhou island. The study results are of great significance for the use of groundwater resources and
the prevention and control of seawater intrusion in Laoshan district. In addition, the research ideas and methods

provide a reference for the study of groundwater genesis in other coastal areas in the world.

Key words groundwater quality, coastal aquifer, hydrochemistry, chemical evolution of groundwater, seawater

intrusion, Laoshan district
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(328 981 T1)
water.

In addition, the research results also reveal that the supply area of geothermal water of Chengning Uplift is
located in the Mount Tai area, and the heat source of its geothermal system is the heat flow conducted from the deep
crust and a small part from the upper mantle. The deep fault in the study area generated a certain amount of frictional
heat during its active period, and also served as a good channel for underground heat flow, connecting and conducting
upwards the heat generated by magma in the deep crust and upper mantle. In addition, the area is a sedimentary basin
with deep depression, which generates gravity compression heat under the pressure of the thick Meso-Cenozoic
sedimentary layer. The heat generated by these sources is stored in the pores and cracks of the thermal reservoir under
the thermal insulation effect of the cover layer with strong thermal resistance and poor thermal conductivity, and is the

main heat source for the formation of hot water in the area.

Key words the Chengning Uplift Area, hydrochemistry, isotope technique, genesis model of thermal reservoir,

geothermal reservoir
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