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City, Shandong Province

LYU Lin, LT Wei, LIU Yuanqing, WANG Xinfeng, MA Xuemei, DENG Qijun

(Hydrogeological and Environmental Geological Survey, China Geological Survey,
Baoding 071000, China)

Abstract: This dataset is prepared based on the latest data obtained from a new round of
hydrogeological survey with the 1 : 50 000 Spatial Database of Topographical Map and some
data of 1 : 50 000 Geological Map of Laiwu City, Shandong Province, as the base map. In
addition to the hydrogeological map, the dataset includes data sheets on pumping (domestic)
wells, springs, boreholes, water quality analysis and calculation of water volume including 209
pumping (domestic) wells, 14 springs, 13 reservoirs, 13 long-run monitoring points (936 point-
times monitoring data), 100 point-times of simultaneous-measurement of groundwater level
and groundwater volume, 6 environmental geological points, and 90 sets of samples acquired
(total analysis, isotope and rock). For this dataset, the platform MapGIS 6.7 is used to prepare
maps, the data size is about 169 MB, and the national geodetic coordinate system CGCS 2000
and Gauss-Kruger Projection (6-degree belt) are adopted. Furthermore, not only is 2D method
used to mark critical hydrogeological information in the dataset, 3D method is introduced in
the master map and part mosaic maps to express relief.

Key words: hydrogeological; dataset; 1 : 50 000; Laiwu City

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

1 Introduction

Since 1950s when the first hydrogeological map (1 : 3 000 000) of China was prepared, a
series of hydrogeological mapping projects have been conducted successively across the
country according to plan, including 1 : 50 000 and 1 : 100 000 hydrogeological maps for
irrigation of farmland, 1 : 200 000 hydrogeological mapping, and 1 : 250 000 hydrogeological
mapping of the main plain-basins and the southwest Karst region (Chen MX, 1964). In this

About the first author: LYU Lin, male, born in 1987, assistant engineer and master, graduated from China University of Geosciences (Beijing),
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way, many high-level achievements have been obtained, thus contributing greatly to the
development of society, economy and the hydrogeological undertakings of China (Chen MX
and Jiao SQ, 1984; Chen MX, 1988; Hao AB et al., 2017). However, with the constantly
increasing demand from population and the continuously developing society and economy,
existing medium and small-scale hydrogeological maps fail to meet the needs of economic
development. Due to the changes in global climate and regional ecological environments as
well as disturbance caused by human activities, the conditions for groundwater circulation have
dramatically changed. This is important in bedrock mountainous areas, which tend to be
greatly affected by rainfall with changes in the conditions of runoff patterns, water catchment,
etc. As a result, the groundwater resource and its exploitable quantity in such areas have
declined drastically compared with that of the 1980s (Liu CZ et al., 2007). Accordingly,
existing maps obtained from regional hydrogeological surveys cannot authentically reflect
current hydrogeological conditions. Therefore, China Geological Survey (CGS) has deployed
nationally and performed 1 : 50 000 hydrogeological surveys and mapping in critical basins
and regions, so as to gradually increase the accuracy of hydrogeological surveys and enrich
existing hydrogeological achievements (Wu AM et al., 2016).

The dataset reported here has been prepared with the support of the project “1 : 50 000
Hydrogeological Survey in Old Revolutionary Base Area of Yimeng Mountain” conducted
during the period from 2016 to 2018. It is based on the awareness of the progress made in the
preparation of 1 : 50 000 hydrogeological maps both domestically and abroad, the collection,
analysis and assimilation of the information achieved by previous researchers, as well as field
measurement and selection of data points on rivers and such outcropped groundwater as wells,
springs and underground rivers. Furthermore, the dataset is prepared with truth, objectivity,
elegant appearance and practice as the principle according to current specifications for map
preparation.

This dataset was prepared with the guidance of the current Specification of the People’s
Republic of China for Hydrogeological Survey (1 : 50 000) (submitted for approval); the
preparation, objectivity, accuracy and readability of the expression mode of the contents and
data on the hydrogeological maps have been explored (Chen MX, 2001). Besides, this dataset
was prepared with a combination of the theories on map preparation of previous researchers as
well as practices of survey and map preparation in the Chinese hydrogeological sector. In this
way, the dataset demonstrates the latest ideas and current level of mapping in China, from
content preparation and expression mode of the master map, configuration of the mosaic maps,
graphical representations/legends, layout of decorations, etc., thus providing reference for the
revision and improvement of the Specification for Preparation of Hydrogeological Maps
(1 : 50 000) and playing a demonstrative role in the preparation of the standard 1 : 50 000
hydrogeological maps in China.

A brief introduction to the dataset of the 1 : 50 000 hydrogeological map of Laiwu City,

Shandong Province, is shown in Table 1.
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Table 1 Metadata Table of Database (Dataset)

Item Description

Database (dataset) name Dataset of the 1 : 50 000 Hydrogeological Map of Laiwu City,
Shandong Province

Database (dataset) authors Lyu Lin, Hydrogeological and Environmental Geological Survey,

China Geological Survey

Li Wei, Hydrogeological and Environmental Geological Survey, China
Geological Survey

Liu Yuanging, Hydrogeological and Environmental Geological Survey,
China Geological Survey

Wang Xinfeng, Hydrogeological and Environmental Geological
Survey, China Geological Survey

Ma Xuemei, Hydrogeological and Environmental Geological Survey,
China Geological Survey

Deng Qijun, Hydrogeological and Environmental Geological Survey,
China Geological Survey

Data acquisition time June 2016—December 2017

Geographical area Laiwu City, Shandong Province; East Longitude: 117°30'~117°45;
North Latitude: 36°10'~36°20"

Data format * Wp, *.wl, *.wt, *.msi, *.jpg, *.xlsx

Data size 169 MB

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

Fund project China Geological Survey Project “1 : 50 000 Hydrogeological Survey
in Old Revolutionary Base Area of Yimeng Mountain” (DD20160289)

Language Chinese

Database (dataset) composite The dataset mainly consists of hydrogeological master map, bar graph
of comprehensive hydrogeology, mosaic maps, hydrogeological cross
sections, legends and decorations. The mosaic maps include basin
hydrogeological structural maps, the hydrogeological outline map,
groundwater chemical map, and groundwater resource map. There are
two hydrogeological cross sections with numbers of I-1' and II-11’,
respectively. The legends include those for the master map, mosaic
maps and cross sections. The decorations mainly include CGS logo and
map indexes. In addition, there is one Excel table (Dataset of 1 : 50 000
Hydrogeological Maps of Laiwu City, Shandong Province) in the
dataset, which includes five sheets named Pumping (Domestic), Well
Survey Points of Laiwu City (Part), Spring Survey Points of Laiwu City
(Part), Drilling (this construction) of Laiwu City, Water Quality
Analysis of Laiwu City, Groundwater Resource of Laiwu City, and Big
Karst Spring Flow of Laiwu City.

2 Methods for Data Acquisition and Processing

2.1 Basic Data

The preparation of 1 : 50 000 Hydrogeological Maps of Laiwu City is based on 1 : 200
000 hydrogeological maps, 1 : 50 000 geological maps, 1 : 50 000 topographical maps and
other information on geographical topography, geology and hydrogeology of the work area.
Furthermore, current theories on map preparation and legend specifications (GBT 14538-1993
and GB 958-99) are taken as guidance for the preparation. The information contained in the
maps is divided into three parts: basic geographic information, basic geological information
and basic hydrogeological information. The basic geographical information includes residential

areas, place names, water systems, roads, contour lines and 3D relief contained in the master
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map and mosaic maps. For the basic geographical information, the metadata were extracted
from the 1 : 50 000 topographical maps and DEM data in related regions, which were last
updated in 2013; the National geodetic coordinate system CGCS 2000 and the 1985 national
elevation reference have been adopted. The basic geological information includes lithology-
based zones, stratum borderline, faults, occurrence, lithological symbol and pattern exhibited
on the master map, bar graphs and cross sections. For the basic geological information, the
metadata were extracted from the 1 : 50 000 geological maps; the data were acquired
completely in 2011; the national geodetic coordinate system CGCS 2000 and 1985 national
elevation reference were adopted. The basic data used for the preparation of hydrogeological
maps include measured data and collected analysis results, which were applied to the master
map, mosaic maps, bar graphs and cross sections. The data were acquired completely in 2016,
including 209 pumping (domestic) wells, 14 springs, 13 reservoirs, 13 long-run monitoring
points (936 point-times monitoring data), 100 point-times of simultaneous-measurement of
groundwater level and volume, 6 environmental geological points, and 90 sets of samples
acquired (total analysis, water isotope analysis and rock chemical analysis) (see Table 2).
Given that the project has not yet been completed, part measured data are listed in the attached
Tables 1-5, and representative data are marked on the hydrogeological map as required by the
preparation (Liu HG et al., 2017). The water-yield property-based zones of water-bearing rock
formations, boundary of groundwater systems, delineation of water-yield sections,
groundwater flow direction, groundwater water-level contours, fault hydrogeological
properties, groundwater resources quantity, zones by hydrochemical type and TDS contour are
displayed on the master map and mosaic maps as result data. For the basic hydrogeological
information, the national geodetic coordinate system CGCS 2000 and 1985 national elevation

reference were adopted and the scale is 1 : 50 000.

Table 2 Statistical Table of Basic Data

Data category Data sub-category Unit Data size
Pumping well - 65
Pumping (domestic) well Domestic well - 33
Large diameter well - 109
Ascending spring - 12
Spring Descending spring - 2
Dried spring -
Reservoir - 13
Environmental geological point Karst collap.se - 6
Water pollution - 4
Geological landform point Landform - 3
Long-run monitoring point place/point-time  13/936
Simultaneous-measurement of groundwater level point-time 108
Water quality analysis set 50
Sampling Water isotope analysis set 20
Rock set 15
Soil set 15
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2.2 Data Analysis

Hydrogeological data analysis is an important step during dataset preparation since the
analysis results will provide the operational and theoretical basis for the preparation. We will
describe data collation, analysis and results hereunder.

(1) Data collation

In accordance with the Specification of the People’ s Republic of China for
Hydrogeological Survey (1 : 50 000), the raw data obtained from the hydrogeological survey
at the current stage shall be stored in the form of paper and electronic survey cards. For
convenience of analysis, all data are collated and stored in the form of electronic spreadsheets
by survey point categories, which include pumping (domestic) wells, springs, reservoirs,
simultaneous measurement of water level and volume, sampling, etc. The contents cover the
information of survey points, such as number, location, coordinates, elevation, water-level
depth, exploiting volume from wells, and testing result from samples.

(2) Data analysis

The complexity of the hydrogeological data analysis is related to the complexity of the
topography and the geological conditions of the work area. Furthermore, the experience of
survey staff and their intuitional understanding of field survey will directly determine the
analytical orientation and utility of the results, while the process of data analysis plays the role
of validation and deviation correction. Although independent analysis processes and methods
are adopted for each category of data, the analysis results are correlated and can be used for
mutual validation. The process used to analyze critical data is as follows:

Calculate water-level elevation according to the elevation of survey points and water-level
depth.

Determine the flow direction of groundwater and the recharge-discharge relationship
between rivers and groundwater and plot the groundwater depth contour by combining the
results of field survey, topography and geological conditions.

Analyze recharge—runoff—discharge characteristics of the groundwater, which is one of
the bases to divide the groundwater system.

Divide water-bearing formation and water-yield level within the region according to the
results obtained from field visits, landform and topography, distribution of geological structure,
karst development, stratum lithology and well exploitation of the survey points. Then the
water-yield sections and fault hydrogeological properties can be determined.

Delineate the karst collapse zones and the goaf collapse zones based on field survey and
environmental geological points.

Then according to the results of sample analysis, plot TDS contour, determine the
groundwater chemical types, screen groundwater pollution points and pollution items,
delineate groundwater pollution area, and calculate the percentage of carbonate content in the
water-bearing formation.

(3) Analysis results

Except for the calculation results of groundwater resources, the results of the data analysis
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are mainly expressed as graphics and charts, which will constantly be improved with the
premise of meeting the hydrogeological law. These results will finally be applied to the
preparation of the dataset. Main results obtained from analysis of the hydrogeological data
include the groundwater system boundary, the boundary of water-bearing formation, water-
yield-property-based zones, the boundary of water-yield sections, groundwater flow direction,
the recharge-discharge relationship between rivers and groundwater, groundwater depth
contour, the boundary of karst collapse areas, the boundary of goaf collapse areas, TDS
contour, groundwater zones by hydrochemistry, and the boundary of groundwater pollution

areas.

2.3 Data processing

Based on the map-reading habit of the hydrogeological sector and the technical staff, the
map of the dataset can generally be divided into three columns from left to right. Please refer to
Fig. 1 for details. In the first column, there are the bar graph of comprehensive hydrogeology,
the basin hydrogeological structural map and the hydrogeological outline map arranged
successively from top to bottom, aiming to display the stratum, division of water-bearing
formation, regional landform and topography, distribution of surface water systems and
hydrogeological structure, as well as the regional geological structure background of the work
area and its impact on groundwater movement. Thus the readers can understand the basic
stratum, water-bearing formation, regional geological structure and hydrogeological structure
of the work area. In the second column, there are map-sheet name and number,
hydrogeological master map and hydrogeological cross section arranged successively from top
to bottom, aiming to display vertically and horizontally in detail the distribution of water-
bearing formation and water-yield property, as well as the main direction, pathways and mode
of groundwater recharge—runoff-discharge. In the third column, there are legends,
groundwater chemical map and groundwater resource map arranged from successively top to
bottom, aiming to display the applicable results from groundwater chemical analysis and
calculation of groundwater resources. Please refer to Fig.l for the structure in detail. The
master map of 1 : 50 000 hydrogeological map of Laiwu City is shown in Fig. 2.

With the combination of the map structure and the expression mode of the map content, a
“master map prior to mosaic map” and a “base map prior to professional map” were taken as
the principle during data processing. MapGIS, ArcGIS and Core]DRAW are adopted for data
processing, and the detailed process is as follows:

(1) Prepare base map

Extract basic geographical and geological information from the database of 1 : 50 000
topography maps and the vectorized database of 1 : 50 000 geological maps. Transform the
coordinate system for basic geological data to CGCS 2000 by using three-parameter method.
Adjust the expression mode of primitive, validate the accuracy and decorate the map contents
as per applicable specifications.

(2) Prepare master map

Generate and plot separate vector files based on measured data and results of
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Fig. 1 Schematic Diagram of Hydrogeological Map Structure
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hydrogeology, which mainly include water-bearing formation and zones of its water-yield
property level, boreholes, long-run observation points, the boundary of groundwater systems,
and the boundary of groundwater water-yield sections, hydrogeological cross-section lines, as
well as representative pumping (domestic) wells, springs, and karst hydrogeological points.
Then superpose these files onto the base map. Adjust the expression mode of primitive and
conduct modification of the map as per applicable specification, which mainly includes
information marking of measured data. The CGCS 2000 coordinate system is adopted for data
projection with the projection mode of Gauss-Kruger Projection (6-degree belt, 117°central
longitude). The 1985 national reference elevation is adopted.

(3) Prepare mosaic maps

The mosaic maps of the dataset include the bar graph of comprehensive hydrogeology, the
basin hydrogeological structural map, the hydrogeological outline map, the groundwater
chemical map, the groundwater resource map and the hydrogeological cross section. These
mosaic maps are processed separately as follows:

Bar graph of comprehensive hydrogeology: fill color and revise pattern of the bar graph
based on the composite columnar section of the 1 : 50 000 geological map and by combining
the water-bearing formation and its water-yield property level classification. Then describe the
hydrogeological features by water-bearing formation, mainly including lithology, range of
aquifer, water yield, hydrochemical type, and important hydrogeological phenomena. The
format of raw data of the bar graph is MapGIS.

Basin hydrogeological structural map: used to display horizontal and vertical
hydrogeological structures of the basin of the work area in 3D form. The map consists of an
upper part and a lower part; the upper part is a 3D surface generated by DEM, aiming to show
basin landform and topography, distribution of water systems and main cities; the lower part is
a 1:500 000 hydrogeological map that shows the hydrogeological conditions and the
distribution of the water-bearing formation and geological structures within the basin. In this
part, typical hydrogeological cross sections are displayed in the form of a fault block,
presenting the distribution features of the vertical water-bearing formation. ArcGIS 10.0 and
Core]DRAW X4 are applied to jointly prepare this map. JPEG (.jpg) images are output finally
and will be converted into .msi files and then inserted into the dataset of the hydrogeological
map.

Groundwater chemical map: take the basic geographical layer of the master map as base
map (river and place name). Superpose the information on zones categorized by hydrochemical
type, TDS contour, groundwater sampling points, hydrochemical components beyond their
limits and mineral water onto the base map. Finally transform the scale to 1 : 200 000 through
projection.

Groundwater resource map: take the basic geographical layer of the master map as base
map (river and place name). Superpose the information on the boundary of groundwater
systems, boundary of water-yield sections, spring, water source, long-run monitoring points,

calculation results of corresponding resource quantity, etc. onto the base map. Finally
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transform the scale to 1 : 200 000 through projection.

The mosaic map plays an important role in reducing the burden of the master map and
displaying the information excluded from the master map, including regional hydrogeological
background, back geology and hydrogeological conditions, and analysis and calculation results
of groundwater quality and volume.

(4) Prepare hydrogeological cross sections

Cut the hydrogeological cross sections based on measured geological cross sections and
hydrogeological information in the work area obtained by previous researchers. Then add the
hydrogeological data measured in this project and related symbols, which includes boreholes,
depth of pumping (domestic) wells, drawdown depth, water yield, TDS value, springs, and
main karst hydrogeological points. Then establish separate legends.

(5) Map modification

After completing the map contents, modify and finely tune various components of the
map including primitive size, color, font and size of words, legend placement, and the intervals
between mosaic maps, so as to maximize the map’s aesthetic appearance and harmony while
ensuring the authenticity and accuracy of the data.

(6) Conduct self-check of data

To ensure that data are accurate, precise and credible, conduct self-check for all data
contained in the dataset, which includes the precision of primitive position, accuracy of
marking data and words, and map content harmony and aesthetic appearance in the master
map. Prepare a complete report for the problems found out by self-check and develop a
systemic correction plan against specific problems. Finally, gradually implement the approved

correction plan.

3 Data Description

3.1 Data Classification and Format

The data entities can be divided into nine categories by the structural composition of the
map in the dataset, including the hydrogeological master map, the bar graph of comprehensive
hydrogeology, the basin hydrogeological structure map, the hydrogeological outline map, the
groundwater chemical map, the groundwater resource map, the hydrogeological cross section,
legend and decoration. They can be divided into four categories by data format including
image file (.msi), polygon file (.wp), line file (.wl), and point file (.wt) (Pang JF et al., 2017).

The dataset is finally integrated by MapGIS 6.7. Except for the 3D relief in the
hydrogeological master map and the basin 3D structure map, which are imported in the format
of .msi, all the other data are imported in the format of MapGIS vector files (*.wp, *.wl and

* wt).

3.2 Structure and Naming of Data Entities
For the users' convenience in accessing and viewing the maps, the data entities are

classified by map structure and combined by data format. Thus composite map layers are
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generated and named according to the maps containing the map structures. For instance, all
point layers in the hydrogeological master map including place name, elevation point, stratum
number, occurrence, pumping (domestic) well, spring, karst hydrogeological points and their
specific markings and decorations are combined into a layer with the name of “hydrogeological
master map.wt”. By the same operation, line files and zone files are combined to form layers
with the name of “hydrogeological master map.wl” and “hydrogeological master map.wp”,

respectively.

3.3 Description of System Database

The system database used in the dataset is the one attached to the Specification for
Compilation of Hydrogeological Maps (1 : 50 000) (submitted for approval), including symbol
database, line-type database, pattern database and color database. During the operation, some
symbols, line-types and patterns are created for practical needs and the symbol numbers
created range from 781 to 1793, line type numbers from 666 to 667 and the pattern numbers
from 838 to 852.

3.4 Description of Coordinate System

The national geodetic coordinate system CGCS 2000 and 1985 national elevation
reference are adopted as the coordinate system and the MapGIS 6.7 is used to prepare the
dataset. Since MapGIS 6.7 was built before the release date of CGCS 2000, CGCS 2000
cannot be built in MapGIS 6.7. Therefore, CGCS 2000 was established manually by adding
related parameters, which mainly include the semi-major axis a = 6,378,137 m and the
oblateness f=1/298.257222101.

4 Data Quality Control

The quality of the dataset is mainly determined by the position precision of contents in the
hydrogeological master map and the accuracy of expression and display of the contents in the
entire map. The former is assessed by comparing the positions of control points selected in the
master map and the relative reference systems (e.g. rivers and intersections of roads). There are
16 control points selected and six relative reference systems. As indicated by the calculation
results, the mean error at the control points is less than 0.5 mm and the mean error at the
relative reference points is less than 0.8 mm, meeting the precision requirement for the 1 : 50
000 hydrogeological map. Since there are massive and complex contents of various varieties to
be expressed and displayed in the map, while MapGIS 6.7 owns limited functions, there is not
a well-developed inspection method. Thus the dataset can only be reviewed and reexamined
through manual identification repeatedly in a stepwise process, until no errors are found. The
contents displayed on the map have been comprehensively reviewed with great effort and the
result shows that the dataset is credible in quality, meeting the requirements on map

preparation.

5 Processing of Confidential Information

According to the secret determination principle issued by China, the 1 : 50 000
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hydrogeological maps are confidential and must be decrypted before they are publicized.
Therefore, the confidential information in this dataset are all deleted including place names,
elevation points, contours, markings and coordinates in picture boxes, as well as secrecy-
involved works such as main water conservancy works, mines and bridges. In addition, the
properties of other data except for the aforementioned primitive data have been deleted, so as

to eliminate potential risks of disclosure.

6 Conclusions

The dataset of 1 : 50 000 hydrogeological map of Laiwu City, Shandong Province, was
prepared based on the data obtained from a new round of regional hydrogeological survey as
well as assimilation and adoption of data and information achieved by previous researchers.
With combination of actual hydrogeological features of the work area, a digitized mapping
method was adopted throughout the map preparation. Furthermore, under the guidance of the
latest mapping theory, 3D is introduced into the hydrogeological master map and mosaic maps
to express relief with the concept of the hydrogeological outline map innovatively proposed.
By the preparation of the dataset, the current preparation specification has been practiced in
1:50 000 hydrogeological mapping and it is indicated that the current preparation
specification is feasible. Meanwhile, the new concept and method to integrate and express
results obtained from 1 : 50 000 hydrogeological survey have been positively explored,
providing necessary reference to theory improvement, process quality control and methods of
map content expression for the preparation of large-scale standard hydrogeological maps.
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