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Exploration of Mineral Water Resources in City Clusters
Along the Middle Reaches of the Yangtze and Discoveries
— A Case Study of the Dataset of the Hydrogeological
Survey in the 1 : 50 000 Tingsiqiao Map-sheet,
Xianning City
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LU Tao', ZHANG Ao ', WANG Cen ', LIU Guangning '~

(1. Wuhan Center, China Geological Survey, Wuhan 430205, China; 2. China University of Geosciences
(Wuhan), Wuhan 430074, China)

Abstract: The city clusters along the middle reaches of the Yangtze River, which connect the
western parts with the eastern parts and the southern parts with the northern parts of China,
play an important role in the balanced and harmonious development of the economy in China.
The discovery of mineral water resources in Xianning City will contribute to the development
of a green economy. Relying on the project initiated by China Geological Survey with the title
Comprehensive Geological Environmental Survey of the Tingsigiao Map-sheet in the Wuhan
Metropolitan Area Along the Beijing-Guangzhou High-speed Railway, the dataset of the
Tingsiqiao Map-sheet (also referred to as the Dataset) was developed through the
hydrogeological survey in the Tingsiqiao Map-sheet, on a scale of 1 : 50 000, as well as a full
collection of existing geological survey data, remote sensing, geophysical prospecting and a
hydrogeological survey. It consists of basic information on boreholes (12 boreholes),
descriptions of strata revealed by boreholes (12 boreholes), results from the survey points of
pumping/domestic wells (77 pumping/domestic wells), spring points survey results (46 spring
points), dynamic monitoring information of groundwater (2 places) and test results from
inorganic water samples (61 samples) and organic water samples (9 samples); with a data size

of about 4.77 MB. From this dataset, the typical hydrogeological phenomena, the development
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features of karst in limestone strata and the hydrochemical features of karst groundwater
obtained from the hydrogeological survey were fully reflected. According to hydrochemical
analysis, Sr-rich potable natural mineral water is discovered along Baiyangfan, Tingsigiao
Town, Xianning City — Daguifan, Guantangyi Town, Chibi City — Zhonghuopu Town and
Chibi City. Sr-rich and Zn-rich composite potable natural mineral water is also discovered in
the Langqgiao area, Zhonghuopu Town and Chibi City, providing important references for the
exploration of mineral water resources in the area. Exploration-production wells were drilled
with an aim to meet the local demand for water.

Key words: karst groundwater; mineral water; groundwater dataset; hydrogeological survey
engineering; Xianning area; city clusters along the middle reaches of the Yangtze River

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction

The city clusters along the Middle Reaches of the Yangtze River, boast a superior location
with diverse resources, a beautiful ecological environment and considerable potential for
development, constituting it as one of the ultra-large city clusters in China that shoulders the
mission of boosting the rise of Central China. It is also an important component part of the
Yangtze River Economic Belt ( Jiang YH et al., 2017 ) . In view of this, Wuhan Center, China
Geological Survey launched the project, in 2016, titled Comprehensive Geological
Environmental Survey of the Tingsigiao Map Sheet in the Wuhan Metropolitan Area Along the
Beijing-Guangzhou High-speed Railway (a sub-project of the second-level project titled

Hydrogeological Survey, on a Scale of 1 : 50 000, in the City Cluster in the Middle Reaches of

the Yangtze River Along Xianning— Yueyang and Nanchang— Huaihua High-speed Railway,
project No.: DD20160248), with the aim to provide a basic geological foundation for the
suitability of planning and construction of city clusters. The hydrogeological survey of the
Tingsiqiao Map Sheet, on a scale of 1 : 50 000, is mainly to ascertain hydrogeological
conditions and environmental geological problems in Xianning City; in particular, to determine
karst distribution, paths of strong groundwater runoff and their cap rock structure in the city.
The Tingsiqiao Map Sheet, Xianning City, is located at the joint between the northern
margin of Mufu Mountain and the southern margin of the Jianghan Plain. Overall topography
is high in southeast and low in northwest. The trunk stream of the Yangtze River lies in the
northwest side of the map sheet area and flows from southwest to northeast. The Tingsigiao
Map Sheet features diverse landforms consisting of plains, hills and mid-low mountains. It lies
in a region of a subtropical monsoon climate and features four distinct seasons. It is cold in
winter, hot in summer and mostly rains in spring and autumn. The average annual temperature,
sunshine duration and annual precipitation in the area are 15—-17°C, 1 754.5 h and around 1
577.4 mm respectively. Simple outcrops are distributed in the area, mainly consisting of
Holocene and Pleistocene strata of Cenozoic Quaternary; Mesozoic strata, including Daye

Formation of Lower Triassic and Cretaceous strata; Paleozoic strata, including Wujiaping

100 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2019, Vol.46 Supp.(2)



Exploration of Mineral Water Resources in City Clusters Along the Middle

Reaches of the Yangtze and Discoveries — A Case Study of the Dataset of
the Hydrogeological Survey in the 1 : 50 000 Tingsigiao Map-sheet,

Xianning City

Formation, Dalong Formation, and Longtan Formation of Upper Permian and Maokou
Formation, Qixia Formation and Liangshan Formation of Lower Permian; Carboniferous
strata, including Huanglong Formation and Dapu Formation, Maoshan Formation of Upper
Silurian and Fentou Formation of Middle Silurian(Yang YL et al., 2018).

The hydrogeological survey of the Tingsiqiao Map Sheet on a scale of 1 : 50 000, lasted
from January to December 2016, covering an accumulative area of 450 km’. Seven sets of data
were obtained from the hydrogeological survey, including basic information from boreholes
(12 boreholes), descriptions of strata revealed by boreholes (12 boreholes), results of the
hydrogeological survey (77 pumping/domestic wells and 46 spring points), dynamic
monitoring information of groundwater (2 places), the test results from inorganic water
samples (61 samples) and organic water samples (9 samples). Distribution of field survey

points is shown in Fig.1 and the metadata information of the Dataset is shown in Table 1.

2 Methods for Data Acquisition and Processing

2.1 Methods for Data Acquisition of Boreholes

The operations regarding boreholes such as borehole drilling, core logging, well drilling
and completion, pumping tests and water sampling were all performed in accordance with
DZ/T 0282-2015 Specification for the Hydrogeological Survey (1 : 50 000), DZ/T 0148—2014
Specification for Hydrological Well Drilling, DZ/T 0270-2014 Regulation of Groundwater
Monitoring Well Construction and HJ 493-2009 Water Quality Sampling— Technical
Regulation of the Preservation and Handling of Samples, among others. The data tables of

basic data of boreholes and descriptions of strata revealed by boreholes were achieved by the
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Fig. 1 Distribution map of the field survey points in the Tingsiqiao map-sheet area, Xianning City
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Table 1 Metadata Table of the Database (Dataset)

Items Description

Database (dataset) name Dataset of Hydrogeological Survey, on a Scale of 1 : 50 000, in
Tingsiqiao Map Sheet, Xianning City

Database (dataset) authors Yang Yanlin, Wuhan Center, China Geological Survey
Chen Lide, Wuhan Center, China Geological Survey
Shao Changsheng, Wuhan Center, China Geological Survey
Lu Tao, Wuhan Center, China Geological Survey
Zhang Ao, Wuhan Center, China Geological Survey

Data acquisition time January — December in 2016

Geographical area Tingsiqiao Town, Xian’an District, Xianning City, covering an area of
about 450 km’; geographical coordinates: E 114°00—114°15’, N 29°40’
—29°50'

Data format *xls

Data size 4.77 MB

Data service system URL http://dcc.cgs.gov.cn

Fund project A geological survey project initiated by China Geological Survey
(DD20160248)

Language Chinese

Database (dataset) composition Basic data of boreholes.xls, description of strata revealed by
boreholes.xls, survey points of pumping/domestic wells.xls, survey
points of springs.xls, dynamic monitoring information of groundwater
level.xls, test results from organic water samples.xls and test results
from inorganic water samples.xls

collation and integration of important information on the boreholes.

During pumping tests, the water flow was determined by dual observation, checked with
flowmeters (LXS-20F) and triangle weir tanks; the burial depth of the water level was
measured with steel-tape water level gauges of the SWJ-80 type. Water samples were taken
towards the end of the pumping tests. The multi-parameter tester, Manta2, was used to
determine regular indices of water samples in the field such as water temperature, pH value,
electrical conductivity (EC), dissolved oxygen (DO) and oxidation-reduction potential (E#).

Other parameters of the water samples were tested in the lab.

2.2 Data Acquisition of Hydrogeological Survey

Hydrogeological points of pumping/domestic wells and springs were carefully visited,
measured and recorded during field surveys. The investigation of the pumping/domestic well
points concentrated on the following parameters: wellhead diameter, well elevation and depth,
groundwater-level burial depth, well wall structure and regular indices of water quality. The
survey of the spring points concentrated on the hydrogeological conditions of spring outcrops,
spring flow and regular indices of water quality, as well as its interannual changes. Spring flow
was mainly measured by the velocity meter method (with the portable velocity meter, LS300-
A), the volumetric method and the triangle weir method. Regular indices were measured with

the multi-parameter tester, Manta2. Sampling points were deployed by comprehensive analysis
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of topography, landform, lithologic structure, hydrogeological units, hydrochemical anomalies

of pumping/domestic wells and springs as well as the surrounding environment.

2.3 Collection and Data Processing of Water Samples

Water samples were taken, preserved and presented for testing in accordance with HJ
493-2009 Water Quality Sampling — Technical Regulation of the Preservation and Handling
of Samples, H] 494-2009 Water Quality —Guidance on Sampling Techniques and GB/T
5750.2-2006 Standard Examination Methods for Drinking Water — Collection and
Preservation of Water Samples. The data contain 61 inorganic water samples (including 34
from wells, 12 from springs, 12 from boreholes and 3 from surface water) and 9 organic water
samples (all from boreholes). The inorganic water samples were tested mainly in accordance
with DD 2008—01 Specifications for Investigation and Assessment of Groundwater Pollution
and the organic water samples, for the most part, were tested according to DD 2008—01
Specifications for Investigation and Assessment of Groundwater Pollution, US.EPA 8081A,
US.EPA 8310 and US.EPA 524.

2.4 Dynamic Monitoring of Groundwater Level

Two dynamic monitoring points of typical domestic wells and boreholes were set up in
accordance with DZ/T 0133 Regulation of Dynamical Monitoring of Groundwater in field
surveys to further ascertain the hydrogeological conditions of the Tingsiqiao Map Sheet area,
especially the recharge, runoff and discharge conditions of groundwater, and to reveal the
dynamic laws of groundwater. This will consequently provide a scientific basis for the
assessment and scientific management of groundwater resources as well as the research,
prevention and control of environmental geological problems. An automatic electronic water-
level probe (Solinst 3001 LTC) was used to measure temperature, water level and electrical
conductivity of the groundwater. The sampling intervals were 20 min and 30 min and the

monitoring cycle was a hydrological year (Jan. 2018—Jan. 2019).

3 Description of Data Contents

The Dataset, presented by Excel, consists of seven data files, i.e., basic data of
boreholes.xls, descriptions of strata revealed by boreholes.xls, survey points of
pumping/domestic wells.xls, survey points of springs.xls, test results from organic water
samples.xls, test results from inorganic water samples.xls and dynamic monitoring information
of groundwater level.xls.

The data file “basic data of boreholes.xls” (Table 2) is used to describe the basic
information of 12 hydrological boreholes. The data items of this file are: No., X coordinate and
Y coordinate (CGCS2000 Coordinate System, the same hereinafter), geographical location,
ground elevation, borehole head diameter, diameter, final depth, initial water level, burial depth
of static water level, screen pipe section, main aquifer segment, maximal drawdown — water

yield, sampling information and remarks. There are 12 lines of data in total, with each
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Table 2 Basic Data of Boreholes
No. Name of dataitem  Unit Datatype Example
1 No. string SZKO01
2 X coordinate float 20230908
3 Y coordinate float 3302058
) ) ) Group 6, Pengbei Village, Tingsiqiao Town, Xianning
4 Geographical location string City, Hubei Province
5 Ground elevation m float 38.00
Borehole h
g  Doreholehead m  float 130.00
diameter
0-11.8 m, =80 mm; 11.8-39 m, »=73 mm; 39.0-101.0
7 Radius string m, =61 mm
8 Final depth m float 101.00
9 Initial water level m float 1.00
10 Burial depth of static float 1.00
water level
11 Screen section string 13.00-101.00 m
12 Main aquifer segment string 20.0-21.3 m; 42.0-44.6 m; 65.0-67.4 m
13 Max. drawdown - sting  7.90-118.90 m'/d
water yield ) ) )
14 Sampling information string Water sample: organic samples and inorganic samples
15  Remarks string No karst caves discovered

The data file “descriptions of strata revealed by boreholes.xIs” (Table 3) is used to

describe the information on stratigraphic structures and the lithology revealed by the 12

hydrological boreholes. The data items in this file are: borehole No., stratum No., stratum age,

elevation of stratum bottom, burial depth of stratum bottom, stratum thickness and description

of stratum lithology.

The data file “survey points of pumping/domestic wells.xIs” (Table 4) is principally used

to describe the basic information on survey points of pumping/domestic wells. The data items

in this file are: field No., X coordinate, Y coordinate, geographical location, wellhead

Table 3 Description of Strata Revealed by Boreholes

No. Name of data item Unit Data type Example
1 Borehole no. string SZKO01
2 Stratum no. int 1
3 Stratum age string Qn
Elevati f strat
4 evation of stratum m float 36
bottom
5 Depth of stratum bottom m  float 2
6 Stratum thickness m  float 2
. Rufous — dust-color-arable soil, short-column-shaped
Description of stratum 3 ! ! i
7 string core, rough section, slightly humid, a small amount of

lithology

hydrological borehole being described on a single line.

plant root system visible locally
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Table 4 Reconnaissance Survey of Pumping (Domestic) Wells
No. Name of data item Unit Data type Example
1 Field No. string D533
2 X coordinate float 20218231
3 Y coordinate float 3298611

Group 7, Guantang Village, Guantangyi

4 Geographical location string Town, Chibi City, Hubei Province
5 Wellhead elevation m float 49.1
6 Wellhead diameter mm float 650.0
7 Burial depth of water level m float 1.64
8 Well depth m float 12
9 Well wall structure string Bricked
10 Water intake horizon string Pore phreatic water
11 Lithology of aquifer string Sandy soil
12 Water temperature C float 19.73
13 Allowable yield m/h  float 0.0083
14 pH value float 6.96
15 Taste string No
16 Air temperature C float 30
17 Odor string No
18 Dissolved oxygen mg/L float 6.21
19 EC pus/em  float 291
20 Eh mV float 356
21 Survey date Date 15-8-2016

elevation, wellhead diameter, burial depth of water level, well depth, well wall structure, water
intake horizon, lithology of aquifer, allowable yield, water temperature, pH value, taste, air
temperature, odor, dissolved oxygen, EC, Eh and survey date. Each survey point is described
on a single line, totaling 77 lines.

The data file “survey points of springs.xls” (Table 5) is predominantly used to describe
the basic information on spring survey points. The data items in this file are: field No., X
coordinate, Y coordinate, geological location, spring type, ground elevation, lithology of
aquifer, origin of spring, main purpose, air temperature, method of measuring water
flow, water flow, water temperature, chroma, taste, odor, transparency, pH value, E#h,
dissolved oxygen, EC and survey date. Each survey point is described on a single line, totaling
46 lines.

The data file “test results from inorganic water samples.xls” (please refer to the Dataset
for the data table) is mainly used to record the information on the collection and test results
from inorganic water. samples. The data items in this file are: sample presentation No., X

coordinate, Y coordinate, water sample type, total dissolved solids, total hardness, total
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alkalinity, total acidity, soluble SiO,, NO; , NO, , NH,, SO,”, CO;", HCO;", CI, F, PO,
Na, K, Ca, Mg, Fe3+, FeH, free CO,, pH value, bromide, iodide, Al, Li, Sr, Zn, Cu, Hg, Cd, Ba,
Crﬁ, Pb, Co, V, Mo, Mn, Ni, As, Ag, HBO, and oxygen consumption. There are 44 testing

indices. Each sample is recorded in a single line, totaling 61 lines.

the data table) is primarily used to record the information on the collection and test results from
organic water samples. The information in this file contains three items of basic information
(sample No., testing No. and sample description) and test items (including 25 items of
halohydrocarbon, chlorobenzene and mononuclear aromatics, 11 items of organic chlorine

pesticides and 1 item of benzo(a)pyrene, totaling 37 items). Each sample is recorded on a line,

totaling 9 lines.

The data file “test results from organic water samples.xIs” (please refer to the Dataset for

RGO the Hydrogeological Survey in the 1 : 50 000 Tingsiqiao Map-sheet,
Xianning City
Table S Reconnaissance Survey of Springs
No. Name of data item Unit  Data type Example E
1 Field No. string D531 i
2 X coordinate float 20218487
3 Y coordinate float 3297583 E
Group 10, Guantang Village,
4 Geographical location string Guantangyi Town, Chibi City E
5 Spring type string Gravity spring i
6 Ground elevation m float 62.0 i
7 Lithology of aquifer string T\ dolomitic limestone :
8 Origin of spring Image
9 Main purpose string Living and irrigation i
10 Air temperature C float 29.0 i
11 Method of measuring water flow string Flowmeter i
12 Water flow L/s float 23 i
13 Water temperature C float 19.64 E
14 Chroma string No i
15 Taste string No E
16  Odor string No i
17 Transparency string Clear and transparent i
18 pH value float 7.44 i
19 Eh mV  float 339 E
20 Dissolved oxygen mg/L  float 6.63 i
21 EC pslem  float 995.4
22 Survey date Date 15-8-2016
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4 Data Quality Control and Assessment

4.1 Drilling Data

The data quality control of hydrogeological boreholes includes quality control over the
data such as borehole diameter, core recovery percentage, borehole depth, borehole deviation,
hydrological observation, pumping test, well completion technique, well cementation, borehole
sealing, original records and technical archives. Inspection and acceptance were carried out for
these data in accordance with DZ/T 0282-2015 Specification for Hydrogeological Survey
(1 :50 000), DZ/T 0148-2014 Specification for Hydrological Well Drilling and DL/T
5213-2005 Code of Pumping Test in Boreholes for Hydropower and Water Conservancy
Engineering. Meanwhile, the integrity, regularity and accuracy of the data were carefully

checked in order to ensure the quality of drilling and data records.

4.2 Data Obtained From Surveys

A ground survey was conducted in strict accordance with applicable regulations and
specifications such as DZ/T 0282-2015 Specification for Hydrogeological Survey (1 : 50 000),
covering an area of the hydrogeological survey, on a scale of 1 : 50 000, of 450 km’. The
points for hydrogeological observation were positioned using GPS (Garmin Montana 680) in
combination with terrain and surface features. All GPS data were calibrated, with errors less
than 50 m. All records obtained from field surveys were kept in the form of a survey card,
ensuring the integrity of the contents and accuracy of the descriptions. A three-level
management system was adopted to check and verify the data of the survey points (such as the
ones from pumping/domestic wells and springs), including the data filled manually and the

electronic records.

4.3 Test Results of Water-Quality Samples

All of the inorganic and organic water samples were tested in the Changsha Supervision
and Inspection Center of Mineral Resources, the Ministry of Land and Resources (Hunan
Province Geological Testing Institute). The inorganic water samples were tested under an
ambient temperature of 20°C and an ambient humidity of 60% with inductive-coupled plasma
optical emission spectrometers; ICP-MS and ICAP—-6 300 ICP, visible spectrophotometer 722
S and dual-channel atomic fluorescence spectrometer AFS-830a. The organic water samples
were tested under an ambient temperature of 21.8°C and an ambient humidity of 52% with a
gas chromatograph—mass spectrometer (with purge and trap), a gas chromatograph and a
high-performance liquid chromatograph. All of the water samples were tested in accordance
with DZ/T 0130.6 —2006 Specification of Testing Quality Management for Geological
Laboratories — Part 6 Water Analysis. Meanwhile, blank and parallel tests were carried out in
the lab for each batch of the water samples, thus ensuring that the test results are accurate.
Furthermore, the detection limits of the analysis methods selected all reached or exceeded the

requirements specified in the relevant specifications.
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4.4 Dynamic Monitoring Data of Groundwater

The dynamic monitoring of groundwater was performed with electronic measuring
probes. The monitoring facilities and devices at monitoring points were irregularly checked to
ensure that they were in good condition and operated normally. Moreover, water level gauges
were adopted to measure water levels, which were then compared with the data obtained with
the probes. According to repeated inspection and verification, the dynamic monitoring data are

true and credible.

5 Value of the Data

The Dataset provides a set of fundamental data resources of the Tingsiqiao Map Sheet
area. The following results of the area were mainly achieved based on the field surveys, water
quality testing and the exploration-production wells.

(1) The hydrogeological conditions of karst in the area were ascertained. In the karst-
covered area, karst is well developed, multi-kast-cave structures developed vertically and karst
groundwater comes into contact with shallow water. In the bare karst area, karst is well
developed and various karst terrains are frequently visible. This area boasts many karst springs,
which features a large water yield and is significantly affected by rainfall.

(2) The hydrochemical features of the groundwater in the area were understood. The
groundwater is mainly of the bicarbonate type (Fig. 2), with a general mineralization degree of
0.18—0.40 g/L. It is basically fresh water and weakly alkaline, with a pH value ranging from
7.80-8.15. Additionally, it is soft water with a total hardness ranging from 100-300 mg/L.

(3) The status quo and distribution of groundwater pollution in the area were determined.
The shallow groundwater pollution is mainly caused by nitrate(s) and Cl exceeding their limits.

The pollution caused by nitrate(s) exceeding its limits is significantly influenced by human
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Fig. 2 Salinity and pH of thesampling points in the survey area
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activities and is mainly prevalent in the residential areas of farmers and the surrounding
farmland areas. However, deep karst groundwater enjoys high water quality since it is only
marginally affected by human activities.

(4) A large volume of high-quality natural mineral water resources was discovered.
According to the analysis of characteristics of trace elements in the groundwater, the Sr content
is 0.035-12.78 mg/L and Zn content is 0.001-3.418 mg/L in the groundwater. Meanwhile,
there are other trace elements in the groundwater such as I and Li. According to hydrochemical
analysis, Sr-rich potable natural mineral water was discovered along Baiyangfan, Tingsigiao
Town, Xianning City—Daguifan, Guantangyi Town, Chibi City—Zhonghuopu Town and Chibi
City. Sr-rich and Zn-rich composite potable natural mineral water was discovered in the
Langgiao area, Zhonghuopu Town and Chibi City. It is initially estimated that an annual
allowable yield of the mineral water is 700 000 t. Therefore, the area boasts rich mineral water
resources.

(5) Exploration-production wells were drilled to meet the local demand for water. The
exploration-production wells drilled cannot only be used to ascertain hydrogeological
conditions but also have a certain capacity to supply water, such as borehole SZKO01, which has
been handed over to the local village committees. The water yield of SZKO1 reaches up to
118.9 m’/d at a drawdown of 7.9 m, effectively alleviating local demand for water during the

dry seasons and in a case of emergency.

6 Conclusion

The Dataset was established through the hydrogeological survey, on a scale of 1 : 50 000,
of the Tingsigiao Map Sheet, Xianning, aiming to timely serve the land space planning and
ecological civilization building of the city clusters along the Middle Reaches of the Yangtze
River. The hydrogeological conditions in the Tingsiqiao Map Sheet area such as the types,
recharge, runoff and discharge of the groundwater and water-bearing rock formations and their
water-yield property were ascertained through a ground survey. The drilling data revealed that
multi-karst-cave structures exist in the covered karst area. Therefore, large-scale disordered
exploitation that will drive the karst ground to collapse shall be reduced, the planning and
construction of high-rise building clusters shall be avoided and the foundations of high-rise
buildings or other critical projects will be strengthened. The hydrochemical features and
pollutants of groundwater were grasped according to the results of the hydrochemical testing.
Meanwhile, a large amount of Sr-rich and Zn-rich mineral water was discovered in the area,
which were suitable to be developed as high-quality potable natural mineral water. The results
of the hydrogeological survey and their application will support and serve the green
development of the local economy, improve people’s livelihood and make contributions to the
sustainable development of the city cluster in the Middle Reaches of the Yangtze River.
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