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Abstract: This dataset is prepared based on the data and information obtained from the survey
of collapse, landslide, debris flow and engineering geology within the Yanzi River Basin,
upstream of the Jialing River, in accordance with the unified standards and requirements of
China Geological Survey (CGS). The data were acquired by remote sensing interpretation and
surface survey as well as 3D laser scanning, low altitude aerial photography using UAV, and
comprehensive geophysical exploration. The dataset contains 223 sets of landslide data, 170
sets of collapse data, 44 sets of debris flow data and 129 sets of data from specific geological
engineering survey. The dataset covers the following information within the Yanzi River
Basin: the basic attributes of geological hazards such as collapse, landslide and debris flow;
geological environment background, development characteristics and distribution of the
hazards; and engineering geological conditions inducing hazards. To guarantee the truth,
accuracy and credibility of the dataset, processes such as field data acquisition, data collection
and verification, data storage and review and a well-developed quality control system were
adopted. Thus the dataset has comprehensively increased the accuracy of geological hazard
knowledge and engineering geology survey in the Yanzi River Basin, providing an effective
support for the study of the formation mechanism of collapse, landslide and debris flow and the
study on zoning by susceptibility, hazard, and risk of these geological hazards. Furthermore,
the dataset will provide reliable basic data necessary for the prevention and control of
geological hazards within the basin.
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geology; Yanzi River Basin; Jialing River
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Dataset of the 2015 Geo-Hazard Survey of the Yanzi River Basin,

GEOLOGY IN CHINA Upstream of the Jialing River

1 Introduction

The Yanzi River Basin, situated in the southeast of Kang County, Longnan City, Gansu
Province and in the northwest of Ningqiang County, Shaanxi Province, flows from Dengjia
Dam, Yejiaping, Tuohe, Kang County, into the Jialing River at Yanzibian Town, Ninggiang
County, Shaanxi, forming the Level-1 tributary of the Jialing River. The location is shown in
Fig. 1. The Yanzi River Basin is an important water recharge source area upstream of the
Yangtze River, a national key control and prevention region against vulnerable geological
hazards (according to the National 13" Five-year Plan for Control and Prevention of
Geological Hazards“), and an important part of the national “two-barriers and three-belts”
(referring to the Qinghai-Tibet Plateau and Loess Plateau as ecological barriers, the sand-
prevention belt in North China, the forest belt of Northeast China and the hilly and
mountainous belt of South China). Within the continuous poverty eradication area of the
Qinling—Dabashan mountainous area according to the relevant section of the 13" Five-year
Plan, it is also known as a major area for the achievement of precision poverty eradication with
characteristics of “free from two worries and three guarantees” (referring to not worrying about
food and clothing, and guarantees of compulsory education, basic health care and safe housing)
in order to make China a comprehensively well-off society. Therefore, the Yanzi River Basin
is important in terms of national stability and strategic ecological security(Tang XK et al.,
2013). The Basin has the geographical coordinates 105°15°~106°00" E, 32°50°~33°25 N and
an area of about 1,338 km’. As a result of the combination of internal and external factors, such
as complex geological conditions, frequent seismic activity, intense local rainfall, and large-
scale human engineering activities such as slope-cutting to build roads and excavation to
construct houses, abrupt geological disasters such as collapse, landslide and debris flow
frequently take place in the area (Wang LX et al., 2012; Zhang XH et al., 2017; Chen WL et
al., 2017). Affected by the Wenchuan earthquake on May 12, 2018, serious rainstorms
happened on July 17, 2009 and August 18, 2010 respectively, with geological disasters
happening more frequently and causing heavy damage, threatening the safety of people and
their property and restricting the development of the local economy. In order to make a
socially-useful national geological survey play the leading role in controlling and preventing
geological hazards, identifying the developmental mechanisms of geological hazards such as
collapse, landslide and debris flow in the area and enhancing the ability to mitigate and fight
against such hazards in the area, the Hydrogeological and Environmental Geological Survey of
China Geological Survey (CGS) carried out geological surveys on such hazards as collapse,
landslide and debris flow at a scale of 1 : 50 000 in the Yanzi River Basin in 2015.o By
making full use of existing information and by means of high precision remote sensing
interpretation, engineering geological surveying and mapping, measurement of geological
hazards and engineering geological exploration, this survey determined the geological
engineering conditions that induce hazards, their development characteristics and the
distribution of geological hazards within the area, summarized the hazard formation model and
set up the database of geological hazard space. These data from the survey of geological
hazards are processed by using proper data processing methods and a quality control system. In

this way, true and credible results are obtained, providing a credible geological basis for
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analysis of the hazard formation mechanism, investigation into hazard zoning, land utilization,

urban planning and disaster mitigation and prevention.
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Fig. 1 Yanzi River Basin map location

The simplified metadata sheet for the dataset of the 2015 Yanzi River Basin geological
hazard survey is presented in Table 1, including the dataset name, dataset authors, data
acquisition time, geographic area, data format, data size, data service system URL, fund project

name, language and dataset composition.

Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name  Dataset of the 2015 Geologic Hazard Survey of the Yanzi River Basin,
Upstream of the Jialing River

Database (dataset) authors Yang Qiang, Hydrogeological and Environmental Geological Survey,
China Geological Survey
Ye Zhennan, Hydrogeological and Environmental Geological Survey,
China Geological Survey
Gao Youlong, Hydrogeological and Environmental Geological Survey,
China Geological Survey
Li Qiang, Hydrogeological and Environmental Geological Survey,
China Geological Survey
Ding Weicui, Chinese Academy of Geological Sciences

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(2) | 65



Dataset of the 2015 Geo-Hazard Survey of the Yanzi River Basin,

GEOLOGY IN CHINA Upstream of the Jialing River

Continued table 1

Items Description
Data acquisition time 2015
Geographical area Its geographical range is 105°15°~106°00" E, 32°50°~33°25" N, situated in

the southeast of Kang County, Longnan City, Gansu Province and in the
northwest of Ningqiang County, Shaanxi Province

Data format * xlsx

Data size 451 KB

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

Fund project China Geological Survey projects entitled “Geologic Hazard Survey of the
Yanzi River Basin, Upstream of the Jialing River”(12120115045501) and
“Geological Hazard Survey of the Bailong River, South Gansu”

(DD20160281),
Language Chinese
Database (dataset) The dataset contains 4 data files: Yanzi River Basin landslide hazard and risk
composition area data.xlIsx (data size: 181KB), Yanzi River Basin collapse and dangerous

rock-body data.xlsx (data size: 140KB), Yanzi River Basin debris flow
hazard and risk data.xlsx (data size: 59KB) and Yanzi River Basin-specific
geological engineering survey point data.xIsx (data size: 73KB)

2 Data Acquisition and Processing

2.1 Source of Data

Data relating to geological hazards in the Yanzi River Basin in 2015 were acquired from
field measurements performed in the project “Geological Hazard Survey of the Yanzi River
Basin, Upstream of the Jialing River”. Such data mainly cover information about geological
hazard points and specific geological engineering points. The survey covers vast range of
massive data, and was performed by three work groups in 136 days. For the purpose of serving
ecological civilization, mitigating and preventing hazard, the field survey focused on
fundamentality and public benefit while making full use of existing information and data in the
area under investigation. Centering on areas with high incidents of geological hazards (hazard
body), key areas threatened by geological hazards (hazard-affected body) and areas with
complex geological conditions (hazard inducer), the survey took advantage of high precision
remote sensing and interpretation, geological engineering surveying and mapping,
measurements of geological hazards and geological engineering exploration, in an effort to
survey typical geological hazards by adopting such methods as drilling, geophysical
prospecting, trenching exploration and low altitude aerial photography as required. In the
survey, Technical Requirements for Geological Hazard Survey and Risk Evaluation on
Collapse, Landslide and Debris Flow of CGS (Interim) is followed, and the survey area is
divided into three levels (i.e. general survey area, key survey area and geological hazard body)
by means of the 1 : 50 000 standard map sheet. The field survey groups made clear the
geological environment inducible for hazard and determined the category, scale and
characteristics of the geological hazards within the basin, comprehensively analyzed the
geological hazard’s time-space distribution and set up the hazard formation model. The work

process is shown in Fig. 2.
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Fig.2 Work Process

The professional survey methods of combining points, lines and planes were applied to
survey the geological engineering conditions and geological hazards in the field. For the survey
of geological engineering conditions, full consideration was given to geological structure,
stratum lithology and a slope’s geological framework, while critical geological structures and
lithological border lines were investigated through tracking and crossing. Geological hazards
were surveyed and then verified as per different precision requirements. High precision remote
sensing and interpretation used the Pléiades high definition remote sensory data. Based on
existing survey information and data combined with the geometrical characteristics of
geological hazards in the investigated area, the remote sensing interpretation signage system
was created to interpret the investigated area more precisely. Full consideration was given to
geological structures, stratum lithology, distribution of trunk streams, tributaries,
communication lines, critical towns, important building facilities and threatened objects, and
18 survey routes along the Yanzi River Basin were set accordingly. Along the survey routes,
the survey points were carefully investigated through tracking or crossing to get information
and data at specific geological engineering points. At the same time, based on the mapping and
the general situation of geological hazards and geological engineering conditions in the plane,
the development of geological hazards in the Yanzi River Basin was revealed; some geological
border lines and structural lines were measured and modified; the background for development
of geological hazards in the investigated area and slope structure and material composition of
typical hazard bodies were evaluated; and the geological engineering formation complex was
divided.

2.2 Data Processing

The acquisition of geological hazard survey data in the Yanzi River Basin in 2015
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underwent a series of processes such as collection and analysis of previous data points; high
precision remote-sensing interpretation, field acquisition, collation, verification and storage of
data point information(Tan YJ, 2016) (Fig. 3). First, existing information relateing to previous
geological hazard surveys, geological engineering conditions, regional geological conditions
and structural geological conditions was collated and analyzed, and based on that, geological
hazard maps and related geological maps suitable for survey were developed (CGCS 2000
coordinate system, Gauss-Kruger projection and 1985 national elevation reference were
followed). The maps from high precision remote sensing (Pléiades high definition data in
2014) were used to interpret geological hazards and conditions. Based on the interpreted results
and with a combination of geological maps, data points were surveyed in the field using
devices such as handheld GPS, data acquisition PAD, infrared distance equipment, high
precision telescope, laser scanner, low altitude UAV, geological compass and RTK, to
determine information and data on positions (latitude and longitude, administrative village it
belongs to, etc.), forms (slope gradient and direction), size (length, width and height), structure
(lithology and composition) and output background (lithology and occurrence of bed rocks) of
geological hazard and engineering geological data points. Data acquired in the field were
collated and analyzed in-house to meet the requirements of the database. After undergoing a
number of processes such as self-check, mutual check and random check, data were stored in

the database in a unified format.

Collate and analyze existing information on data point

!

Interpret high-precision remote sensing data

l

Acquire information at data point

A 4

Collate information on data point

}

Verify data point information

l

Store data point information

Fig. 3 Data Acquisition Process

3 Description of Data Samples

The Dataset of the 2015 Geological Hazard Survey of the Yanzi River Basin, Upstream of
the Jialing River, takes the form of an .xIsx sheet containing a total of 4 Excel files: Yanzi
River Basin landslide hazard and risk area data.xlsx, Yanzi River Basin collapse and dangerous
rock-body data.xlsx, Yanzi River Basin debris flow hazard and risk data.xlsx and Yanzi River
Basin specific geological engineering survey point data.xlsx.

“Yanzi River Basin Collapse and dangerous rock-body data .xlsx” contains the data

obtained by studying the characteristics of 170 collapses of dangerous rocks developed as of
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December 2015 in the Yanzi River Basin. Specific data for each location of collapse of
dangerous rock includes their basic attributes and development characteristics (name, field
number, coordinates, movement form, collapse type, type of control structural plane, macro
stability assessment, activity state, expansion mode of collapse source, direction of main
collapse, elevation of collapse source, maximum drop, maximum horizontal displacement,
width, thickness, area and volume of collapse source, inducing factor, mean thickness and area
of accumulation body, scale class, certainty degree), geological environment giving rise to
collapse or dangerous rocks (landform and topography, stratum lithology, lithological
combination, slope structure and geological structure, hydrogeological conditions, vegetation
and land use, human engineering activities), and risk and hazard analysis data. Data about
collapse time and direct loss are not available as the collapse happens early and cannot be
deduced. The file contains data concerning the basic mechanical characteristics of the collapse
of dangerous rocks (dangerous rock’s lithology and rock-mass structure; structure of control
plane; occurrence; development characteristics and combination form of stress-released cracks;
intersection characteristics; connection; geometric form, thickness, size, fresh degree,
lithology, separation state and spatial distribution characteristics of collapse accumulation
body; slope’s geometrical form, stratum lithology, vegetation development and whether there
is any existing or proposed building at the area of collapse path), providing a basis for
subsequent research.

“Yanzi River Basin landslide hazard and risk area data.xlsx” contains the data from the
survey of the characteristics of 223 landslides and risk points as of December 2015 in the
Yanzi River Basin. The data for each landslide point includes: its basic attributes and
development characteristics (name, field number, coordinates, movement form, landslide type,
landslide face type, macro stability, expansion mode, landslide era, inducing factor, landslide
form, leading edge elevation, rear edge elevation, mean thickness of landslide body, landslide
area and volume, threatened object); environment causing the formation of the slope (landform
and topography, stratum lithology and lithological combination, slope structural feature,
geological structure, surface water and groundwater, vegetation and land use, human
engineering activities); basic features of landslide (boundary conditions, form feature and
material structure, hydrogeological characteristics, deformation feature and activity history);
risk and hazard analysis data. As previous landslides happened many years ago and no data
was retained, data items such as landslide period, sliding speed and direct loss were hard to
obtain and therefore omitted.

“Yanzi River Basin debris flow hazard and risk data.xlsx” contains the data from the
survey of 44 debris flow hazards and risks in the Yanzi River Basin as of December 2015. The
data for each debris flow and risk point include: basic attributes and development
characteristics of debris flow (name of valley, field number and coordinates, material
composition, material source recharge, water catchment area, water power type); features of
fan at the valley opening (fan-integrity, length and width, dispersion angle, fan face’ s

developing trend, slope drop from fan top to fan source axle; distance from the valley opening
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to the main river channel); land use (gentle slope farmland, steep slope farmland, arbor
woodland, trees, shrubs, grass land and wasteland); volume of debris flow erupted; scale level;
threatened objects; prevention and control measures; prevention and control type; macro
features of debris flow gully (feature of material source; source and feature of water power,
feature of flow area and accumulation area); debris flow history; risk analysis on debris flow;
risk feature; other additional description; comprehensive evaluation of debris flow (adverse
geological phenomena, length of recharge section, fan at the valley opening, longitudinal slope
of main valley, impact of new structure, vegetation coverage, erosion and deposition variation,
lithology, reserves of loose materials, slope gradient, cross section of valley, mean thickness of
loose materials, relative height difference, valley area, extent of blockage, scoring,
susceptibility level, development stage). There may be some deviations in data such as volume
of debris flow erupted and impact of new structural movement due to different estimation
methods and different survey interpretations.

“Yanzi River Basin specific geological engineering survey point data.xlsx” contains data
from 129 specific geological engineering survey points in the Yanzi River Basin as of
December 2015. The data items for each specific geological engineering point includes: its
basic attributes (name, field number, elevation, coordinates and point type); characterization of
engineering geology (landform and topography, slide structure point, geological engineering
properties of rock-soil bodies, surface water and groundwater, vegetation and type of land use,
human engineering activities and other dynamic geological actions and phenomena).

As the text data format cannot visualize correlations between various data in the dataset,
data samples in this research were represented using mutually correlated tables and graphs,
including Hazard-affected Bodies and Geological Hazard Types (see Table 2), Relation
Between Landslide Number and Slope Gradient/Height (see Fig. 4) and Slide Slope Direction
and Slope-gradient Density (see Fig. 5). Collapse, landslide and debris flow mainly threaten
roads, residences (schools, villages) and farmland, all of which accounts for 98.1% of the total
number of threatened objects. 86% of total landslides develop at slopes with an original
gradient ranging from 20° to 50°, which favors the accumulation of the weathered rock and
soil, and rainfall infiltration. Most landslides are distributed at the front edge of slopes in a
valley (gully) zone with a gentle gradient and thicker accumulation, which has a low slope
height. Therefore, the slope height factor has a gentle impact on the landslide. Since the
sunlight and temperature difference between daytime and nighttime affects the landslide’ s
slope direction and gradient density, southward landslides appear to outnumber northward

landslides.

Table 2 Summary of Statistical Results Regarding Geological Hazard-affected Bodies and
Geological Hazard Types in the Investigated Area

Category of Landslide Collapse Debris flow Total Percentage
hazard-affected object (number, No.) (number, No.) (number, No.) (number, No.) (%)
Remdenc'e (schools and 145 g 43 196 2870

villages)
Road 176 180 44 400 58.57
Brick factory or quarry 0 0 0 0 0
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Continued table 2
Category of Landslide Collapse Debris flow Total Percentage
hazard-affected object (number, No.) (number, No.) (number, No.) (number, No.) (%)
Farmland 24 4 46 74 10.83
Power plant 0 1 1 2 0.29
Scenic area 0 5 0 5 0.73
Flood drainage channel 0 0 1 1 0.15
Object not threatened 3 2 0 5 0.73
Total 348 200 135 683 100
120 [
100 [

x©
o
T

Landslide (number)
IN =N
(=) f=)

[38]
(=]
T

0-11 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90
Slope range (°)

J””Iu

0-2 21-40 41-60 61-80 81-100 101-120 121-150 >150
Slope height (m)

Y% (9% B W
(=] (=] (=] (=]
T T 1

Landslide (number)

—_
(=]

Fig. 4 Relation between landslide number and slope gradient/height

Fiher
Concentrafions
% of total per 1.0 % area

000~ 1.50%
150 - 3.00%
300~ 450%
450~ 6.00%
600 7.50%
750~ 900%
9.00 - 1050 %
1050 - 12.00 %
1200~ 13.50 %

[ ] 13.50 ~ 15.00 %

No Bias Comaction
Max. Cone. = 13 4638%

Equal Ange
Upper Hemisphers
240 Poles
240 Entries,

-}

Fig. 5 Landslide Slope Direction and Slope Gradient Density

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2018, Vol.45 Supp.(2) | 71



Dataset of the 2015 Geo-Hazard Survey of the Yanzi River Basin,
Upstream of the Jialing River

GEOLOGY IN CHINA

The distribution of landslides, collapses and debris flows as well as highly dangerous
sections in the Yanzi River Basin is shown in Fig. 6. It is indicated in the figure that geological
hazard sections with high risk are distributed in the river valleys along major streams and
important tributaries of the Yanzi River where human engineering activities occur frequently,
as well as sections where main trunk roads cross slopes. These areas or sections are susceptible
to the effects of river erosion, landform and topography, stratum lithology, geological structure
and human engineering activities. Therefore, various geological hazards are frequent around
such zones and thus the impacts of geological hazards are more dangerous there. In this
research, 5 highly dangerous collapse sections, 5 highly dangerous landslide sections and 2

highly dangerous debris flow sections were indicated.
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Fig. 6 Distribution of Landslide, Collapse and Debris Flow as well as Highly Dangerous Sections

4 Data Quality Control and Assessment

In the process of raw data acquisition and data processing, methods for data quality
control mainly include verification of data acquired in the field, data collation, storage and re-
verification. A complete data quality control system was set up during implementation in order
to meet specific needs. The key for data acquisition in the field is to ensure that data are true,

accurate and integral. Every responsibility in the project was assigned to individuals and every
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step was carried out under stringent control. Data points with corresponding data in the sheet
were repeatedly verified, with a self-check rate of 100%; to boost self-check accuracies, mutual
check and random check were done at the rate of 100% and 60%, respectively. During the
process of data collection and storage, the reliability and rationality of the quality of the stored
data were ensured by such methods as the data being stored by the personnel specifically
assigned for this purpose, self-check, mutual check and final review, and the final result data
met the inspection and acceptance requirements of Geo-environmental Monitoring Institute,
China Geological Survey. With the aforementioned steps and methodologies, the authenticity

and credibility of the dataset was generally assured.

5 Data Value

The dataset uses 2014 Pléiades high definition remote sensing data as the data source for
interpretation, and integrates the results from prior surveys on geological hazards and
engineering geology in the basin before 2015. A systematic survey was performed combining
different points, lines and planes at three tiers, namely, general survey area, key survey area
and crucial hazard body. Advanced methods such as low-altitude UAV aerial photography, 3D
laser scanning and comprehensive geophysical prospecting were adopted to acquire real and
credible data, thus ensuring the accuracy and credibility of the dataset. Great improvements
were made in terms of survey accuracy, credibility of methods used in the survey,
completeness of the survey and authenticity of the surveyed results. Accuracy in the survey of
geological hazards and engineering geology in the basin was comprehensively improved; the
geological distribution of collapse, landslide and debris flow and the main objects that they
threatened were clearly determined. The development characteristics of geological hazards for
collapse, landslide and debris flow with grave threat in the basin were identified. The dataset
therefore provides a reliable basic guarantee for research on susceptibility to geological
hazards, vulnerability and risk-based zoning in the basin, laying a solid foundation for research
on the formation mechanisms of collapse, landslide and debris flow as well as related
prevention and control measures in the basin. It provides a basis for siting and monitoring in
the process of controlling and preventing land masses from collapse, landslide and debris flow
geological hazards, thus effectively improving geological hazard mitigation and prevention in
the basin. It also provides detailed data support to such activities as land use and urban

planning for effective geological hazard mitigation and prevention.

6 Conclusions

(1) Based on the project “Geological Hazard Survey of the Yanzi River Basin, Upstream
of the Jialing River” in 2015, the “Dataset of the 2015 Geologic Hazard Survey of the Yanzi
River Basin, Upstream of the Jialing River” consists of 223 sets of landslide data, 170 sets of
collapse data, 44 sets of debris flow data and 129 sets of data from specific geological
engineering survey as of December 2015 in the Yanzi River Basin. The dataset enables sharing
of data resource from fundamental and public benefit geological survey, and meets national

need for regional geological information integration:
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(2) To ensure that the dataset was true, credible and accurate, a well-developed quality
control system was implemented in the stages of field data acquisition, collation, verification,
storage and inspection. Information in the dataset about geological hazard survey of collapse,
landslide and debris flow covers basic attributes, geological environment, background
conditions, development characteristics, frequency of outputs and geological engineering
conditions of geological hazards induced within the Yanzi River Basin as of December 2015,
which effectively increases the accuracy of the geological hazard survey in the Yanzi River
Basin.

(3) On the basis of integrating existing data, a collection of detailed and credible survey
data were obtained in the dataset by using traditional remote sensing interpretation, surface
survey and new technologies and methods, such as low-altitude aerial UAV photography, 3D
laser scanning and comprehensive geophysical prospecting. The dataset provides credible data
to research the formation mechanisms of collapse, landslide and debris flow in the basin, and to
study the susceptibility to geological hazards, vulnerability and risk-based zoning. It provides a
basis for siting and monitoring the process of controlling and preventing land masses from
collapse, landslide and debris flow geological hazards. It offers a fundamental basis for land
use and urban planning to effectively improve general geological hazard mitigation and
prevention level.
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others for their great help and support.

Notes:

@ National 13th Five-Year Plan for Prevention and Control of Geological Disasters[S]. Ministry of Land
and Resources, 2016(in Chinese).

(2] Yang Qiang, Ye Zhennan, Wang Honglei. 2016. Investigation on geological disasters in Yanzi River
Basin in the upper reaches of Jialing River[R]. BaoDing HeBei: Hydrogeologyical and Environmental

Geologyical Survey, China Geological Survey (in Chinese).
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