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ABSTRACT

In order to study the hydrogeological characteristics and hydrochemical distribution characteris-
tics of shallow saline water, the main factors that affect the hydrochemical field can be effectively
identified. In this paper, the hydrochemical data of 85.302% shallow salt water in the study area
were studied by factor analysis method, combined with the local hydrogeological conditions and
hydrochemical type characteristics. The results show that the shallow salt water has undergone
strong mixing and evaporation and concentration, and the contribution rates are 61.671% and
23.631%, respectively. The study is of great significance for improving and protecting the ground-
water environment, enhancing the groundwater supply capacity, ensuring the water supply safety
and promoting the sustainable development of the new urban area in the north area of Jinan.
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1. Introduction

Groundwater resource is an important resource guar-
antee for urban construction and development, which not
only affects the daily life of local people, but also plays a
vital role in the future development of cities. Jinan North
Cross District is located in the north of Jinan City, located in
the alluvial plain of the Yellow River, including Sangzidian
Town and Dagiao Town in Tiangiao District and parts of
Sungeng Town, Cuizhai Town, Huihe Town and Chengguan
Town in Jiyang District. Shallow pore water is the main
groundwater type in this area, which can be divided into
fresh water, brackish water and brackish water according
to the change and distribution of salinity and main chemi-
cal components on the plane. Total dissolved solids (TDS)
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greater than 3 g/L is saline water, TDS 2-3 g/L is brack-
ish water, TDS less than 2 g/L is fresh water. The TDS of
shallow pore water in the northern cross-region is gen-
erally 1-3 g/L, and the highest is 5.284 g/L, belonging to
the distribution area of brackish water to brackish water.
The area of Gaohuaijia-Dongyanchang-Houwubaodian—
Jinjiazhuang is 85.57 km?, and the TDS of shallow pore water
is greater than 3 g/L, which is the salt water outburst area [1].

2. Literature review

The formation of groundwater is controlled by factors
such as quaternary sedimentary environment, paleocli-
mate, lithofacies and paleogeography, geological struc-
ture and hydrogeological conditions. The hydrochemical
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characteristics of groundwater in the area are zoned in
both horizontal and vertical directions. In the horizontal
direction, from west to east, that is, along the decreasing
direction of the hydraulic slope of ancient groundwater,
the TDS content of groundwater gradually increased, and
the hydrochemical types also changed accordingly; In the
vertical direction, groundwater moves from bottom to top,
from fresh water to salt water. Water flow is the carrier of
salt transport. Therefore, in order to study the evolution
model of hydrochemistry, it is necessary to first identify the
circulation process of groundwater. At present, the meth-
ods used to study groundwater circulation mainly include
hydrogeological condition analysis, hydrochemical method
and environmental isotope method.

Li using isotope values and conventional indicators such
as content in the water, water and confined water of law,
explains the suxichang regional migration mechanism of
shallow groundwater water cycle system, the results show
that micro suxichang regional confined water of mining
increases the micro pressure difference between the water
and groundwater level, lead to micro confined water of
pirate scuba diving, surface water, Divers, on the other
hand, are directly fed by rainwater and can quickly recover
during the rainy season after being raided [2]. Liu et al.
[3] studied the groundwater circulation in the Cretaceous
basin of Ordos by using the characteristics of different
water isotopes. Prasad and Yadav [4] studied the recharge
relationship between Heihe water and groundwater in
the Heihe River Basin, and estimated the amount of water
and groundwater transformation. Chacko et al. [5] stud-
ied the conversion relationship between different water
bodies by comparing and analyzing the D and 180 char-
acteristics of atmospheric precipitation, surface water and
groundwater in Ordos Basin. By analyzing groundwater,
water isotopes and hydrochemical indexes of the Yellow
River, Sahana et al. [6] established the circulating model of
middle-shallow and deep groundwater in Yinchuan Plain.

3. Background and conditions of regional
geology and hydrogeology

3.1. Physical geography

This area is located in the alluvial plain of the Yellow
River, the terrain is relatively flat, the ground slope is
0.1 x 10°-0.2 x 107, the ground elevation is 1620 m, tilting
from southwest to northeast. The microgeomorphology type
is crevice fan-shaped land and gentle slope land. According
to the precipitation data from 1956 to 2018, the average
annual precipitation is 703.43 mm, the maximum annual
precipitation is 1,064.5 mm, and the minimum annual pre-
cipitation is 342.85 mm.

3.2. Regional geology

This area is located in the first class tectonic unit of the
North China Block and the second class tectonic unit of the
West Shandong Uplift. The strata belong to the North China
Stratigraphic Region, Shin-Hebei-Shan-Henan Stratigraphic
Region, and the West Shandong Stratigraphic Region.
The regional distribution includes Quaternary, Neogene,
Carboniferous, Permian and Ordovician.

3.3. Regional hydrogeology

According to the previous hydrogeological data, the pore
water of loose rock in the north region can be divided into
three basic types: shallow phreatic water-micro-confined
water, middle confined water and deep confined water at
500 m. According to the vertical change and distribution of
TDS and its main chemical components, it can be further
divided into shallow fresh water, middle salty water and
deep fresh water. TDS greater than 3 g/L is salt water, TDS
2-3 g/L is brackish water, and TDS less than 2 g/L is fresh
water.

3.4. Hydrogeological conditions in the study area

The salt water in the study area is distributed in Gaohuaijia
— Dongyanchang — Houwubaodian — Jinjiazhuang, cov-
ering an area of 85.57 km?, with TDS greater than 3 g/L. The
formation lithology is silty soil in the upper part and silty
clay, clay and sand in the lower part (Fig. 1). No.20 bore-
hole showed two layers of fine silty sand with a thickness
of 1.20-2.10 m. No. 26 and No. 27 boreholes showed one
layer of fine silty sand with a thickness of 3.70-6.20 m. The
lithology is clay. The buried depth of roof is 4.30-5.00 m,
the buried depth of floor is 11.20-14.00 m, the thickness is
2.00-8.60 m, and there is no continuous clay layer below
15 m. The buried depth of water level is 1-4 m, and the
water abundance is greatly affected by the ancient channel.
The water inflow of a single well in the ancient channel is
1,000-3,000 m?/d, and the interzone and marginal zone of
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Fig. 1. Three-dimensional structure profile.
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the ancient channel is less than 1,000 m?/d. The water quality
is poor, TDS3-5 g L of shallow groundwater, the anions are
mostly SO,-HCO,-Cl, SO,-Cl type, and the cations are mostly
Na-Mg type. The area receives meteoric precipitation sup-
ply and Yellow River irrigation supply. Groundwater run-
off from southwest to northeast, located in the groundwater
runoff area; vertical evaporation is the main way of excretion.

4. Hydrochemical characteristics of salt
water in the study area

4.1. Types of hydrochemistry

According to Shukarev classification, the anion hydro-
chemical types in the study area are SO,Cl, HCO,-CI-SO,
and Cl type, SO,-Cl is the main anion type in the study area,
which is widely distributed in the middle of the study area;
HCO,CI-SO, is the secondary anion type in the study area,
distributed in the northwest, southwest and southeast
marginal zones of the SO,-Cl distribution area; Cl was only
distributed in Gaohuaijia-Dongyanchang area in the north-
east corner of the study area.

There are two types of cationic water chemistry in the
study area: Na-Mg-Ca and Na-Mg-Ca. Na-Mg-Ca water is
widely distributed in the study area and is the main ground-
water type. Na-Mg-Ca water is distributed in Sijiacun—
Shuangmiao area in the southeast of the study area and
has a small distribution area. Therefore, it can be seen that
the chemical types of salt water are relatively complex [7].

4.2. TDS distribution

The distribution of TDS in Houbaodian was centered,
and the distribution shape was an isosceles triangle from
northwest to southeast. The TDS value was greater than
3 g/L, and the maximum value was 5.284 g/L in Houbaodian
Village.

4.3. Distribution characteristics of chemical components

The concentration of Na" is basically centered in Zhang-
jlamiao, showing an elliptical distribution from southwest
to northeast. The concentration is generally 400-800 mg/L,
and the peak value is located at the gate of the first landfill
plant (900.00 mg/L).

The concentration of CI- is distributed in a zonal direc-
tion from southwest to northeast with Jingzhuang —
Houwubaodian — Zhanggongdian — Dongchang as the
center. The concentration value is generally 400-800 mg/L,
and the peak value is located in Dongchang (1,299.18 mg/L).

Ca?" concentration value is generally 100-400 mg/L,
Jingzhuang — Houwubaodian — Zhanggongdian line
southeast Ca® concentration value 200-400 mg/L, the north-
west line 100-200 mg/L.

The concentration of Mg?" was centered in Dongyanchang —
Houwubaodian — Sijiazhuang, with a general circular distri-
bution, and the concentration was 200-400 mg/L.

The concentration value of SOZ- is centered in Dongchang —
Houwubaodian — Jingzhuang — Sijiazhuang, and generally
presents a heart-shaped distribution. The concentration value
is generally 800-1,600mg/L, and the peak value is located in
Houwubaodian (1,932.60 mg/L).

The concentration of HCO; is generally 800-1,000 mg/L,
and the peak value is located at the gate of the first landfill
site (1,310.07 mg/L).

According to the above contour map of major ions, it can
be concluded that the distribution law of major ion concen-
trations in the region is roughly consistent with that of TDS.

5. Formation mechanism research
5.1. Data Sources

In this study, 12 groups of salt water samples were used,
and the analysis data included K*, Na*, Ca*, Mg*, SO, CI,
HCQO;, total hardness, TDS, pH value and 11 trace elements
test results.

5.2. Factor analysis

Factor analysis is a multivariate statistical analysis
method with dimensionality reduction, that is, a few prin-
cipal factors are used to replace the original more sam-
ples or variables, and these principal factors can reflect
the information reflected by the original more samples or
variables as much as possible, at the same time, they are
independent of each other.

¢ Selection of original data

Choose the Na*, Ca*, Mg*, CI;, SO¥, HCO;, TDS etc
seven common groundwater chemical components were
used as calculation variables and factor analysis was car-
ried out in SPSS software. The original hydrochemical data
matrix is as follows:

Xy X Xy,

X Xy Xy,
X={. . @

nl an 'xnp

However, figuring out the underlying rules in so many
variables is tricky. In order to overcome the complexity of
analyzing data in P-dimensional space, dimensionality reduc-
tion is needed. Several independent comprehensive indexes
are selected to replace the original many variable indexes,
and at the same time, they can better reflect the information
reflected by the original many indexes. The mathematical
model is as follows:

x, =a,F +a,F +--+a,F +ag,

x,=a,F +a,F, +--+a, F +a,e

2272 2 2
x,=a,F+a,F+-+a F +ag

where x, is the ith initial variable (i=1, 2, ... p); F]. is the fac-
tor variable (j=1, 2, ... m, m <p); a, is the factor loading; ¢ is
the special factor

Factor load a4, is a correlation coefficient reflecting the
relative importance of x; on the jth common factor variable.
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Therefore, the greater the absolute value of 4, the stron-
ger the relationship between the factor variable F, and the
original variable x..

e Standardized processing of original data

Due to the large concentration differences between the
monitoring data, the original monitoring data are standardized
to eliminate the effects of order of magnitude or dimension.

ST
X, = @)

S, =3 (v, -%)(x, -%)) @)

where i = 1, 2, ..., n, n is the total number of samples;
ji=1, 2 ., P, p is the number of initial variables in the sam-
ple; X, *is the standardized hydrochemlcal data.

Thus the standard matrix [x,],  of the raw water chem-
ical data matrix is obtained. P‘or convenience, it is still
denoised as:

[x.*] _=[x.]

ij Anxp ijAnxp

e Correlation coefficient matrix R of [x.] for calculated

ijdnxp
data:

1

> (5~ %)% (v, 7)

7= n=1 j=1 (5)

B

i=1 =1

The larger the absolute value of the correlation coefficient
is, the stronger the correlation is; The smaller the absolute
value is, the weaker the correlation is. The value of cor-
relation strength is shown in Table 1.

® Calculate m eigenvalues and eigenvectors of R

Eigenvalue equation of the || lambda I — R = 0 charac-
teristic value A, (i =1, 2, ..., m) find them and arrange them
in order of magnitude, thatis A, >, >... >4 > 0; Then the
eigenvectors u,, u, ... corresponding to the eigenvalue A
are obtained, u, , they are orthonormal [8].

1

e (Calculate the contribution rate of the factor variable and
the cumulative contribution rate Q

LI
Q=2+ (6)
DY
i=1
k<m
The contribution rate of each factor variable is:
A
— (i=1,2,---,m) @)

The eigenvalues A, A, ... are taken as the character-
istic values whose cumulative contribution rate reaches

Table 1
Correlation grading table

Highly relevant 0.8-1.0
Strong correlation 0.6-0.8
Moderate correlation 0.4-0.6
Weak correlation 0.2-0.4
Absence of correlation 0.0-0.2
over 80%. A corresponds to the first, second..., the m(m < p)
factor variable.
e (Calculate the factor load
aij:uij\/f[(i:Lz/...,p, j=1,2,-,m) ®)

The factor loading matrix is obtained as follows:

a]l a12 al m
uZl a22 aZm

A= ©)
ap] apZ apm

e Score of factor variables was calculated

Firstly, the factor variable is expressed as a linear com-
bination of the original variables, namely:

F =B,x, +B,x, ++B, x, (j=12,,m) (10)

Then the factor score was obtained by regression method.

5.3. Data analysis and discussion

Twelve samples in the study area were analyzed, and two
factors with eigenvalues greater than 1 were selected as the
main factors. The variance contribution rate of the first major
factor was 61.671%, and the cumulative variance contribu-
tion rate of the second major factor was 85.302%. Table 2 is
the correlation coefficient matrix, Table 3 is the eigenvalue
and cumulative variance contribution rate of the correla-
tion matrix R, and Table 4 is the factor load matrix obtained
after the rotation of the maximal variance method [9].

The variance contribution rate of the first major factor F1
is 61.671%, which is mainly composed of Mg*, TDS, SO4*,
Ca*, CI" and other components,moreover, Mg* and SO
are strongly correlated with TDS, there is a strong correla-
tion between Cl- and TDS, a moderate correlation between
Ca?" and TDS, and a strong correlation between Mg* and
SOZ, indicating that Mg* and SO have roughly the same
source. Yellow River irrigation is the main replenish source
of shallow pore water in this area, and the hydrochemical
type of the Yellow River water is SO,-HCO,-Cl-Na-Ca-Mg.
Due to the shallow buried depth of the shallow pore water
in this area, the Yellow River water quickly mixed with
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Table 2
Correlation coefficient of salt water chemical composition
Correlation coefficient Na Ca Mg Cl SO, HCO, TDS
Na 1.000 -0.009 0.545 0.583 0.673 0.702 0.799
Ca -0.009 1.000 0.711 0.330 0.608 -0.225 0.565
Mg 0.545 0.711 1.000 0.714 0.869 0.046 0.923
Cl 0.583 0.330 0.714 1.000 0.443 -0.010 0.733
SO, 0.673 0.608 0.869 0.443 1.000 0.332 0.908
HCO, 0.702 -0.225 0.046 -0.010 0.332 1.000 0.358
TDS 0.799 0.565 0.923 0.733 0.908 0.358 1.000
Table 3 6. Conclusions

Eigenvalues and cumulative variance contribution rates of the
correlation matrix R

Serial Eigenvalue Variance Cumulative
number contribution %  contribution rate %
1 4.317 61.671 61.671
2 1.654 23.631 85.302
3 0.749 10.696 95.998
4 0.210 3.007 99.005
5 0.052 0.742 99.747
6 0.016 0.235 99.982
7 0.001 0.018 100.000
Table 4

Maximum variance method rotation factor load matrix

Project 1 2

Na 0.488 0.849
Ca 0.803 -0.397
Mg 0.976 0.090
Cl 0.729 0.171
SO, 0.851 0.340
HCO, -0.024 0.922
TDS 0.908 0.415

groundwater after brief infiltration after irrigation, and the
groundwater was dominated by Mg?*, Ca*, SO, CI- and
other components. It can be seen that mixing is the main
factor affecting the chemical composition of groundwater
in this area.

The variance contribution rate of the second main fac-
tor, F2, was 23.631%. F2 was mainly composed of HCO; and
Na*, and there was a strong correlation between HCO; and
Na". In this area, the buried depth of water level is relatively
shallow, evaporation and concentration is strong, runoff is
slow, hydrodynamic conditions are poor, and water cycle
alternation is weak, which makes the salinity increase con-
tinuously, Ca*, Mg* and SO plasma reach saturation in
water one after another and precipitate out, making the
groundwater mainly HCO; and Na". The main factor F2
reflects the influence of evaporation and concentration on
groundwater [10-17].

Based on the study of the hydrogeological conditions
in the north region, the hydrogeological characteristics
and hydrochemical characteristics of shallow salt water
are analyzed in detail, and the main influencing factors of
hydrochemical field of shallow salt water are identified by
factor analysis method, and the conclusions are drawn as
follows: The study area is located in the alluvial plain of
the Yellow River. The shallow pore water is the main type
of groundwater. The shallow saline water in the study
area is distributed in the runoff area of groundwater, and
the hydrochemical type is more complex. Factor analysis
method can effectively identify the main factors causing
the shallow brackish water field, its explained 85.302%
of the shallow brackish water chemical data in the study
area, in combination with characteristics of local hydro-
geological conditions and water chemical types, it is con-
cluded that shallow salt-water formation has experienced
strong mixing action in the process of evaporation and con-
centration, and given priority to with mixing action.
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