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Abstract. Karst water resources is about 24% of the total amount of groundwater resources 

that can be exploited in China. Among the 15 groundwater sources in Tailai Basin, there are 12 

karst water sources, accounting for 80%. With the survey and evaluation data of groundwater 

sources in Shandong Province, hydrochemical types analysis of karst water is carried out by 

Schukalev classification and The trilinear chart by Piper, and it is of great significance to 

development and utilization of karst water. The hydrochemical types of karst water is 

dominated by HCO3•SO4-Ca water. However, if the naming of hydrochemical types involve 

nitrate, excess 39% of the karst water hydrochemical types changes. In addition, historical data 

shows that the concentration of nitrate in karst water has gradually increased, so it is 

recommended to increase nitrate indicators in the classification of hydrochemical types. 

The type of groundwater hydrochemical is the concentrated reflection of groundwater chemical 

composition and one of the important contents of the study of groundwater hydrogeochemical 

characteristics. In China, the distribution of karst water is extensive, which plays an important role in 

solving some urban, industrial and agricultural water problems. The chemical characteristics of karst 

water are mainly affected by aquifer lithology, groundwater burial conditions, human activities, etc. 

Many experts and scholars at home and abroad have carried out special research in related fields. 

In the Tailai Basin described in this paper is bounded by the Taishan Mountains in the north, the 

Mengshan Mountain and the remaining veins in the south, the Lushan Mountain in the east, and the 

east bank of the Dongping Lake in the west. Its extreme geographical coordinates are: east longitude 

116°20′52′′—117°58′57′′, north latitude 35°43′05′′—36°34′15′′, area 8173 km2, administrative 

divisions belong to Tai'an City and Jinan City. 

1. Hydrogeological Conditions of Karst Water 

1.1. Carbonate Fractured Karst Water 

The aquifer group consists of the Middle Ordovician and the Upper Cambrian Fengshan Formation 

limestone, dolomitic limestone and argillaceous limestone developed in the fractured karst, mostly 

distributed in the north of each fault block, and the exposed area Most of them are low hills. Until the 

mountain slope is buried or concealed under the Carboniferous, Permian and Mesozoic and Cenozoic, 

the limestone is thick and widely distributed, its fractured karst develops, connectivity is strong, 

groundwater hydraulics Close contact. However, due to the influence of structure, geomorphology and 

lithology conditions, the occurrence and water-richness of groundwater are very different. Generally, 

the water yield property in the bare area is poor, and the water yield of a single well is less than 500 

m3/d; the water yield property in the buried area is good, the water yield of a single well is 500-2000 

m3/d, the karst development is weakened with the increase of the burial depth, and the water yield 

property is relatively poor; in the Quaternary concealed area, the water yield property is strong, and 
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the water yield of a single well is generally 1000-5000 m3/d, which can often form a water-rich section 

or a strong water-rich zone with water supply significance. Under the mining conditions, the hydraulic 

connection between the fractured karst water in these areas and the Quaternary pore water in the upper 

part is very close, and the Quaternary pore water often becomes the main source of supply for the 

fractured karst water. The Quaternary sand gravel layer in the water source areas of Tai'an City, Jiuxian 

Township, Niuquan town, Fangxia town and other water sources directly contact with limestone to 

form a “skylight”. 

1.2.  Carbonate Rock Clastic Rock Karst Fissure Water 

The aquifer is composed of the limestone shale from the Lower Cambrian Shantou Formation to the 

Upper Cambrian Changqing Formation, and is mostly distributed in the north of the fault block and 

the northern edge of the basin. Due to the limestone and shale interbedded thin layer of limestone 

interbed, the groundwater recharge conditions are poor, the fractured karst is not developed, the water 

yield property is weak, and the water yield of a single well is generally less than 500 m3/d. In the thick 

limestone distribution area of Shantou Formation and Zhangxia Formation, the fracture karst is 

relatively developed, and the water-rich water is relatively strong. The water yield of a single well is 

more than 1000 m3/d. 

2. Characteristics of Hydrochemical Types of Karst Water 

2.1. Statistics of Water Quality Test Results 

In September 2017, 90 samples of karst water were taken. The statistics of 10 indicators including pH, 

K+, Na+, Ca2+, Mg2+, Cl-, SO4
2-, HCO3

-, NO3
-, and total dissolved solids are shown in Table 1. 

 

Table 1. Statistics of Water Quality Test Results 

Number Detection index Min Max Mean Std 

1 pH 6.90 8.10 7.49 0.20 
2 K+ 0.20 8.33 1.41 1.44 

3 Na+ 3.67 253.85 27.59 31.61 

4 Ca2+ 33.87 529.26 150.30 66.59 

5 Mg2+ 1.46 78.99 25.44 11.18 

6 Cl- 8.51 274.76 63.96 49.06 

7 SO4
2- 18.25 1025.44 151.43 137.82 

8 HCO3
- 55.20 484.56 276.28 88.91 

9 NO3
- <0.01 443.90 83.99 64.95 

10 STD 185.00 2785.00 657.59 329.57 

 

2.2. Hydrochemical Types 

Groundwater has different classification methods according to its chemical composition, most of 

which are divided by the relative content and relationship between anions and anions, such as S 

Shukalev classification and The trilinear chart by Piper, etc. The hydrochemical type of each karst 

water sample was calculated by programming, and the statistics were shown in Figure 1. 
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Figure 1. Pie chart of Karst Groundwater Hydrochemical Types 

 

In the 90 water samples of karst waters, there are 11 types of groundwater hydrochemical, 

including 33 HCO3•SO4-Ca waters, accounting for 36.67% of the karst water samples. And there are 

20 HCO3-Ca water, accounting for 22.22% of the quantity of karst water samples. In terms of anions, 

there are 86 water samples with milligram equivalent percentage of bicarbonate over 25%, accounting 

for 95.56% of the total karst water samples. There are 62 water samples whose milligram equivalent 

percentage of sulfate is more than 25%, accounting for 68.89% of the total karst water samples. And 

there are 23 water samples with the milligram equivalent percentage of chloride over 25%, accounting 

for 25.56% of the total karst water samples. In terms of cations, there were 90 water samples with the 

milligram equivalent percentage of calcium over 25%, accounting for 100.00% of the total number of 

karst water samples. There are 14 water samples whose milligram equivalent percentage of 

magnesium is more than 25%, accounting for 15.56% of the total karst water samples. And there are 2 

water samples whose sodium milligram equivalent percentage is more than 25%, accounting for 2.23% 

of the total karst water samples. 

According to the statistical table of hydrochemical types of karst water, the proportion of the top 

three hydrochemical types of karst water in the Tailai Basin is more than 70%, and the proportion of 

HCO3•SO4-Ca water is the largest. Secondly, the percentage of HCO3-Ca water in the quantity of karst 

water types is the second. The percentage of HCO3•SO4•Cl-Ca water in the quantity of karst water 

types ranks the third (Table 2). 

According to the statistical analysis of the proportion of the hydrochemical types of different ions 

in karst water, bicarbonate and sulfate are the main anions, and the proportion of the two is relatively 

close; in terms of cations, calcium dominates. 

 

Table 2. Statistics of Karst Groundwater Hydrochemical Types for different ions 

Item 
Anions Cations 

HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na+ 

Quantity 86 62 23 90 14 2 

Percentage 95.56 68.89 25.56 100 15.56 2.23 

 

The trilinear chart by Piper visually shows the hydrochemical characteristics of karst water in the 

Tailai Basin (Figure 2). If the water sample point falls in the diamond zone 1, the content of alkaline 

earth metal ions Ca2+ and Mg2+ exceeds the alkali metal ion K+ and Na+ content. Water sample points 

appeared in both the zone 3 and the zone 4, and most of them were in the zone 3, indicating that most 

of the water samples had weak acid roots HCO3
- exceeding the strong acid roots SO4

2- and Cl-. 
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Figure 2. The trilinear chart by Piper of Karst Groundwater 

3. Analysis of Hydrochemical Types of Karst Water 

During data analysis, it was noted that the NO3
-concentration of water sample no. J026 was 443.90 

mg/L, and the average value of NO3
-concentration of all karst water samples was 83.99 mg/L, and the 

high concentration of NO3
-concentration may be related to the transitional application of nitrogen 

fertilizer. Therefore, NO3
- is considered to be introduced into the hydrochemical type of karst water. 

After adding NO3
- in the anion to participate in the naming of hydrochemical types, the milligram 

equivalent percentage of bicarbonate, sulfate and chloride all decreased to varying degrees, and the 

naming of a total of 28 water samples changed, covering 31.1% of the total water samples. 

As a result of the participation of NO3
- in naming, groundwater hydrochemical types change as 

follows: 

(1) Some of the anions participating in the naming cannot participate in the naming because the 

milligram equivalent percentage is less than 25%. For example, in B10 water sample, the milligram 

equivalent percentage of bicarbonate was changed from 43.96% to 33.22%; the milligram equivalent 

percentage of sulfate was changed from 29.50% to 22.28%; the milligram equivalent percentage of 

chloride was changed from 26.53% to 20.08%; and the milligram equivalent percentage of nitrate was 

24.42. %, the hydrochemical type is changed from HCO3•SO4•Cl-Ca water to HCO3•SO4-Ca water. 

The B24 water sample was changed from HCO3•SO4-Ca water to HCO3-Ca water. 

(2) Some of the anions participating in the naming are replaced by NO3
-. For example, in the case 

of B9 water sample, the hydrochemical type without considering NO3
- is HCO3•SO4-Ca•Mg water, the 

milligram equivalent percentage of bicarbonate is 44.83%, the milligram equivalent percentage of 

sulfate is 31.97%; After adding NO3
-, the milligram equivalent percentage of bicarbonate is 25.45%, 

the milligram equivalent percentage of sulfate is 18.14%, the milligram equivalent percentage of 

nitrate is 43.23%, and the water chemical type is changed to HCO3•NO3-Ca•Mg water. The B42 water 

sample was changed from HCO3•SO4•Cl-Ca water to HCO3•SO4•NO3-Ca water. 

4. Conclusion 

(1) The hydrochemical type of karst groundwater in Tailai basin is mainly HCO3•SO4-Ca water. The 

sum of HCO3•SO4-Ca water, HCO3-Ca water and HCO3•SO4•Cl-Ca water accounts for 71.11% of the 

total karst water, indicating that the water-bearing system of karst water determines the hydrochemical 

characteristics of karst water to some extent. 

(2) In karst water of Tailai basin, the anions are mainly bicarbonate and sulfate, and the proportions 
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of the two are relatively close; Cations are calcium dominated absolutely. 

(3) After 2000, the concentration of anion components in karst water, such as bicarbonate, sulfate, 

chloride and nitrate, increased significantly. The proportion of nitrate in anion in karst water cannot be 

ignored, which has an important influence on the type of hydrochemical, and it is suggested that 

nitrate index should be added into the classification of hydrochemical in the future. 

(4) If nitrate is used as the classification index of hydrochemical types, how to express 

hydrochemical types in the form of symbols and graphs and theoretically reflect the different 

characteristics of different types still needs further work. 
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