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Abstract: Geological hazard monitoring can predict geological hazard to a certain extent, so that relevant measures can be
taken to reduce the damage of human and financial resources. Therefore, the quality of geological hazard monitoring is
particularly important. In order to effectively improve the quality of geological hazard monitoring, the environmental
geophysical methods in geological hazard monitoring are deeply explored in this paper. Firstly, the characteristics of
environmental geophysical methods in geological hazard monitoring are described in detail. Secondly, this paper also introduces
the environmental geophysical methods commonly used in geological hazard monitoring, such as electric exploration, seismic
method, magnetic method and other methods, and provides relevant suggestions and suggestions for these methods, so as to
provide certain help for geological hazard monitoring. This paper introduces the main applications of electrical prospecting,
seismic method, gravitational method, radioactive prospecting, magnetic method and geophysical well logging. Some examples
include the application scope and application results of DC resistivity method, magnetotelluric method and wide-field
electromagnetic method, the method layout and application results of seismic survey methods in seismic method, Radon
measurement results in radioactive exploration, and the application scope and application results of imaging method in
geophysical well logging. Finally, this paper expects the development form and future development trend of geological hazards
monitoring, and expects that the geophysical exploration methods can be more widely used in geological hazards monitoring.
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strengthen the monitoring and forecasting of geological
hazards for effectively preventing and mitigating hazard.
According to relevant literature reports, China's annual direct
economic loss caused by geological hazards is as high as
50.2 billion yuan, accounting for more than half of the total
economic loss caused by natural hazards. In addition,
geological hazards will also trigger other natural hazards,
which will also cause greater material and financial losses.
Therefore, the use of scientific and effective methods to
prevent and control hazards is imperative, now technology
through multidisciplinary, cross-department cooperation, rely
on the combination of multiple means to strengthen the
detection and prediction of geological hazards [4-6].

With the continuous development of science and
technology, geophysical methods are constantly improved
and expanded, and show outstanding advantages in
geological hazard survey, such as accurate monitoring, rapid

1. Introduction

Geological hazard, is a catastrophic event that causes the
gradual deterioration of geological environment due to
natural and man-made geological processes, and causes loss
of human life and property, and destroys the resources and
environment on which human beings depend for survival.
Geological hazard is a kind of common natural hazard [1-3].
The common address hazard includes geotechnical
geological hazard, special rock engineering hazard and
surface deformation geological hazard. China is a country
which located in the intersection of the Pacific rim tectonic
belt and the Eurasian tectonic belt, with complex topography,
strong crustal activity and changeable climate. With the rapid
development of national economy in recent years, more and
more irrational behaviors of human have beings lead to the
increasing incidence of geological hazards. We need to
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response, comprehensive data, simple and economical. In
many special areas of our country can there be a method to
carry out geological hazard monitoring, and achieved
relatively excellent results, effectively improving the
detection level of geological hazard [7-10].

However, the application degree of geophysical method in
geological hazards monitoring is still relatively low, and the
effective early warning mechanism and method combination
are still in the process of further exploration. This paper aims
to optimize the favorable combination of methods in hazards
monitoring by investigating and analyzing the existing
geophysical exploration methods. Through the analysis of the
method application results, it provides a reliable thinking
basis for the specific hazards monitoring work.

2. Characteristics of Environmental
Geophysical Methods in Geological
Hazard Monitoring

In principle, environmental geophysical method is to
determine geological hazards by monitoring some
characteristic parameters of geological media. Therefore, in
geological hazard monitoring, environmental geophysical
method has obvious advantages. First, compared with other
monitoring methods, its work efficiency is high and the cost
is low, which is very suitable for the use of geological hazard
monitoring [11, 12].

In practice, the environmental geodynamic method can be
used to telemetry the three-dimensional variation of the
characteristics of underground media from the ground surface
without a lot of drilling and exploration grooving [13, 14].
Secondly, the environmental geodynamic method has a wide
range of application. Compared with other hazard monitoring
methods, the environmental geo-physical method has the same
application field; And it has unique advantages in all kinds of
hazard research. Thirdly, the environmental geo-physical
method has a wide coverage. Drilling and sampling methods
can only analyze the situation of point and line, but using
environmental geophysical methods can study the space of the
whole study area. Fourthly, the environmental geophysical
method has the function of nondestructive testing.
Environmental geophysics can be applied to environmental
investigation under conditions where drilling sampling is
impossible to achieve non-destructive testing [15, 16]. Fifthly,
Environmental geophysical methods have very fast monitoring
speed. In practical work, the using of high-speed computers
can process a large number of environmental geophysical

survey data, which can effectively shorten the data processing
time, from that person to improve the monitoring efficiency
[17,18].

3. Environmental Geophysical Methods
Commonly Used in Geological Hazard
Monitoring

3.1. Electrical Prospecting

Electrical prospecting method is mainly used to solve
geological problems by observing and studying the spatial
and temporal distribution of electromagnetic fields created
artificially or in nature through the difference between
electromagnetic properties and electrochemical properties
between rocks (Figure 1). Basically, electrical exploration
technology can be applied in the investigation and
monitoring of different geological hazards, such as
high-density resistivity method and geological radar method
[19]. Electrical prospecting is widely used in geological
inquiry, ore, water and geotechnical engineering. In the
high-density resistivity method, resistivity method is mostly
used in ground crack investigation, goaf detection, coal
collapse column detection and so on. Three-dimensional
resistivity is mostly used in revealing the distribution of
water damage in coal mining area, determining the water
accumulation area and water access, and has good results.
High-density electrical method is a new exploration method,
which is mostly used in the investigation and monitoring of
geological hazards, especially in the investigation of hazards
in karst areas and the exploration of ground cracks [20]. In
addition, the high-density electrical method has good
application effect in the detection of mined-out area and the
study of landslide. Excitation polarization method is mostly
used in advanced detection of groundwater in mining area,
water accumulation in goaf of coal seam, diagnosis of earth
dam disease, detection of landslide surface and so on.
Ground penetrating radar (GPR) belongs to electromagnetic
wave detection technology, which is mostly used in karst
collapse investigation, landslide prediction, ground fissure
investigation, etc. differential radar measurement technology
is mostly used in monitoring mine ground subsidence
monitoring and regional ground subsidence. Electromagnetic
method technology is mostly applied to detect goaf and karst
subsidence areas [21]. Electrical method is the most widely
used method in geological hazard monitoring. Table 1 lists
the application of this method in geological hazard in detail.

Table 1. Application of electrical method in geological hazard monitoring.

No. Method Application

. Survey lava collapse, karst cave, submerged river and fault;

1 DC resistivity method

. Understand the development zone of underground concealed karst gap;
. Survey hidden cracks, karst caves, hidden rivers and faults;

. Survey distribution of underground rivers and underground karst caves;

2 Mise-a-la-masse method

1

2

3

4. Understand the distribution of geology.

1

2. Survey groundwater dynamics in coal fields and mining areas;
3

. Identify ground cracks caused by earthquake and bottom subsidence; 4. Explore landslides and survey collapses.
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No. Method Application
\ Natural electric field ; :uurr:/’g tc}:)(; ld;‘lsl:::;l;:tl of underground water system in karst areas;
metes 3. Survey of collapse.
et ok i 1. To solve the problem of dis.ease prevention and water improvement; 2. to detect landslide surface;
4 3. to detect the shallow water in dangerous rock mass and cracks;
metes 4. Advance investigation of groundwater in underground mining area;
1. Geological detection of landslide;
5 s eio e 2. Dete@ine the w.idth of the ﬁac@e affected zone; .
3. Investigate the hidden cracks, hidden caves and hidden rivers of dangerous rock mass;
4. Predict mine water inrush.
3.1.1. Magnetotelluric Method
Magnetotelluric method (MT) is a geophysical exploration
method using natural alternating electromagnetic field to
study the electrical structure of the Earth (Figure 2).
Magnetotelluric method has the following advantages:

(1) The natural field source is adopted to meet the
requirements of plane electromagnetic wave field
source, and the near field effect problem of unattended
factory source is solved.

(2) No artificial field source, low cost, flexible
construction, adapt to more responsible terrain

_ conditions, green environmental protection.
£ (3) It is not affected by shielding of high resistance layer
% and sensitive to low resistance layer.

(4) Large exploration depth, up to 10km deep at medium
and high frequency. Maximum exploration capacity of
long period observation is over 100km.

(5) Compared with artificial field-source electromagnetic
method, the tensor observation method can obtain
more detailed geoelectric information. In the case of
two-dimensional or even three-dimensional geological
structure, it has the advantage that artificial scalar
source electromagnetic method doesn’t possess.

Magnetotelluric method is widely used in large scale

geological structure and plate activity monitoring. It can
provide better data support for the analysis and prevention of

No.

Figure 1. Utilization of DC resistivity in fault detection. geolo gical hazards.
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Figure 2. 3D visualization of shallow structures and strata using MT.
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3.1.2. Wide Field Electromagnetic Method

Wide field electromagnetic method is a new artificial
source electromagnetic method proposed by academician He
of Central South University. Through artificial ground source
or unground source, the alternating current of
0.0117Hz-8192Hz is sent down, and only one
electromagnetic field component is observed in the vast area
not limited to the traditional far area, and the wide-area
apparent resistivity is calculated, so as to achieve the
frequency domain electromagnetic sounding method for
detecting geological targets with different buried depths.

This method inherits CSAMT's human field source and
overcomes the shortcomings of large randomness and weak
signal of natural field source. Wide-area electromagnetic
method need not through the ratios of electric and magnetic
field cagniard resistivity, but directly use of the measured
electric field or magnetic field and electric current to
calculate apparent resistivity, the district (near and transition
field) far into the measurable area, must overcome the
CSAMT far area measurement and the shortcoming of weak
signal, also greatly expanded the scope of observation of
artificial source electromagnetic method.

Wide-field electromagnetic method is not limited to the far
area observation, expand the observation range, increase the
exploration depth; It avoids the influence of traditional
electromagnetic field interference on the measured data and
improves the anti-interference ability of the instrument.
Multi-frequency could carry out multi-receiving while
simultaneously sending and receiving. After years of field
construction, the results are remarkable.
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Figure 3. Inversion section of wide-field electromagnetic method reveals
high resolution subsurface structures.
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Wide-filed electromagnetic method, a new method, has
great advantages in precision and anti-interference. It can
accurately explore the distribution of cracks and faults, and
regular monitoring can play an observation and warning role
(Figure 3).

3.2. Seismic Method

Seismic exploration is based on the law of seismic wave
propagation in rock, which is caused by the elastic property
of rock itself. In geological hazards, this method is mostly
applied in detecting karst and cave, and also in monitoring
and preventing sudden geological hazards, such as landslide,
ground collapse and ground fissure, high-resolution shallow
seismic exploration is mainly applied in the investigation of
karst collapse, landslide, ground fissure, detection of coal
mine collapse column and coal seam goaf, etc. [22, 23].
Additionally, transient Rayleigh wave exploration technology
is mainly used in the investigation of landslide, debris flow
and other environmental geological hazards.

In recent years, seismic survey methods are applied more
and more, which can be divided into shallow seismic survey,
surface wave survey and so on. The depth of shallow seismic
survey is usually not more than 200 m, and most of the
shallow seismic survey is small scale and the rock mass
varies greatly in vertical and horizontal direction. This
method has high resolution in the application process and can
carry out effective detection. At present, this method is
widely used in coal mining cities, and it can be used to
survey hidden faults, damaged zones, karst caves, soil caves
and hidden rivers. Especially in the exploration of coal seam
goaf, it can predict the gas enrichment area, so as to
effectively reduce the occurrence of hazard [24-26].

Surface wave survey is a new survey technology, which
has the function of surface wave compared with the
traditional survey method. This method can be divided into
steady state method and transient method. It can overcome its
own shortcomings through a large number of superposition,
so as to make the monitoring results more reliable. Surface
wave survey is mainly used in frozen soil survey, debris flow
monitoring and detection of landslides, with good detection
results [27].

90 4
120 T 60
// \\3
150 /! 2 30
7 1 Y\
PSS ORI AN
/, \\ // \ ’ \\
180 P B v S 2
’ N =/ X =K \
2107 """ 7777 =N\ 330
240 300
270

Figure 4. Sketch shows stations deployment of the micromotion seismic

method.
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Fretting exploration method is frequently used in the field of
natural field seismic observation in recent years. The
distributed station layout has the characteristics of convenient
layout, timely monitoring and strong anti-interference. In the
field of hazard monitoring, the can be deployed in the field
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monitoring area for a long time in the form of wireless
connection, and the data can be sent back in real time for
analysis and evaluation (Figure 4). External equipment can
replace the battery of the equipment regularly, so that real-time
monitoring and early warning can be achieved (Figure 5).

Figure 5. 3D inversion results using the micromotion station method, which shows high-resolution structures subsurface.

3.3. Gravitational Method

Gravity method is based on the density difference of
underground objects. This method is mainly based on
outdoor survey, so as to obtain the abnormal phenomenon of
gravity of geological structure, so as to study the change rule
of these gravity anomalies through analysis, so as to
understand and solve geological problems. Since the
emergence of gravimeters, this medium monitoring method
has been gradually applied to shallow exploration fields
[28-31]. At present, gravity method is mainly used in short
leg earthquake prone zone, monitoring earthquake precursor,
exploring karst and cave, detecting landslide, monitoring
ground subsidence hazard, etc. In addition, in the production
of mining area, the prevention and control of coal mine water
damage is a difficult problem, with the continuous
improvement of the precision of gravity method exploration,
effectively solve this difficult problem.

3.4. Magnetic Method

Magnetic method is to solve geological problems through
magnetic field changes caused by magnetic differences
between underground rocks and ores or rock-soil media
[32-34]. In recent years, high-precision magnetic
measurement has been gradually applied in geological hazard
monitoring, which has high observation accuracy, simple
operation, high efficiency and can obtain more information.
In the field of geological hazards, magnetic method is mostly
used in earthquake prediction, detection of coalfield fire area,
detection of coalfield collapse column and other aspects

[35-40]. In the process of detecting spontaneous combustion
area in coal field, the characteristic electric method and
downward continuation method of magnetic method are used
to explain the boundary of single-layer fire area more
accurately. According to geological conditions and magnetic
characteristics, multi-layer fire is analyzed and compared,
which has good application effect.

3.5. Radioactive Prospecting

Surface radioactive prospecting is a surface exploration
method with both construction efficiency and economic
benefits, and it responds well to special geological phenomena
in hydrology and geothermal. Radon gas survey is a common
ground radioactive exploration method (Figure 6).

Zl 1] 2 @ 3 @ 4 @ 5 (O 6 @ 7 @ 8 [@] 9 [©] 10

Figure 6. Structures unraveled by Radon measurement.
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Radon measurement is a kind of nuclear geophysical
prospecting, which is very popular in coal fire detection in
recent years [41-45]. Liu et al from Shanxi Institute of Mining
and Technology studied the mechanism of detecting the
location and range of spontaneous combustion in coal seams
by radon measurement method in the mid-1990s, and
established a radon measurement test bed for natural
radioactive media, studied the relationship between radon
precipitation and temperature, and developed CDTH (radon
detection and fire detection) special software. And in
Shandong Zao’ Group Co., LTD. Chaili mine and other 15
mining bureau to promote the application. Taiyuan university
of science and Technology, former Changchun university of
science and technology wait for colleges and universities and
Hebei Xingtai mining bureau Gequan coal mine, Shi et al coal
mine and other production units also measure radon law (a cup
measure radon) delimit underground coal seam fire range did
many research, and achieved very good effect in actual
production. Radon emission is easily affected by
meteorological conditions and other factors. In order to reduce
the interference, RTM2100 radon thorium detector produced
by Germany SARAD Company was selected for this study.
The RTM2100 is equipped with a special sensor to measure
temperature, humidity and pressure at the measuring point, and
automatically calibrate the three effects. The instrument has

two modes of measuring radon and thorium, and in the mode
of measuring radon, the influence of thorium emission can be
eliminated as interference factor, and vice versa.

3.6. Geophysical Well Logging

As an exploration method in drilling, geophysical logging
has the characteristics of high precision, rich parameters and
wide application. Conventional geophysical logging methods
include SP, GR, caliper CAL, inclination DEV, acoustic time
difference AC, resistivity RT, neutron porosity CNL, volume
density DEN, etc. Unconventional special logging methods
include imaging logging, energy spectrum logging, array
acoustic logging, nuclear magnetic resonance, etc.
Geophysical logging equipment is closer to the formation and
can accurately monitor the stratigraphic sequence (Figure 7).
Conventional logging resolution can be up to sub-meter, and
special logging such as imaging logging can identify
millimeter-scale fractures and monitor their status to identify
their occurrence. As the depth of geological exploration
deepens, the surface method often receives the interference
and shielding of the surface strata, and makes full use of the
geophysical logging method of drilling, which plays a great
role in the establishment of geological model, the collection
of background data, fine observation and so on.
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Figure 7. Image logging results shows the micro-fratures of subsurface.
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Table 2. Main applications of geophysical logging methods.

No. Method Main application

1 Natural gamma, natural potential Stratigraphic sequence division

2 Acoustic time difference, neutron porosity, volume density Pore, fissure identification and evaluation

3 Hole diameter and inclination Collapse, broken section monitoring, formation structure evaluation
4 Resistivity, double lateral resistivity, etc. Fracture evaluation and formation identification

5 Imaging logging Stratum and fissure identification, occurrence and width reading.

4. Unresolved Issues

At present, the environmental geophysical methods of
geological hazards still have some problems to be further
improved and solved.

Geological hazard survey and research are mostly passive
studies, mostly for prevention and emergency measures, so it
is difficult to accurately and comprehensively survey the
occurrence of geological hazards. Therefore, we should
further study the geological characteristics and development
rules of Our country, and provide different detection methods
for each type of geology so as to achieve accurate and
effective prevention effect, and effectively suppress the loss
and damage caused by geological hazards.

Geological hazard survey should take the initiative to find
the leading factors of the occurrence of the hazard, and
analyze the factors, so as to get the main causes of the
geological hazard, and specific plans to prevent the
recurrence of geological hazard.

The environmental geophysical methods used in mining
areas are universal and can be used in other geological
hazards. However, the causes of geological hazards are
generally more complex, and may be related to the
topography of the area, or may be related to the weather.
Therefore, researchers should design different detection
methods for different geological hazards and put forward
different technical parameters. In view of different geological
hazard sites, researchers should develop environmental
geophysical methods suitable to them, and at the same time,
further improve the resolution of geophysical methods, so as
to eliminate the influence of topography and make the
obtained data more comprehensive and objective.

China has a vast territory, complex terrain, geological
hazards occur in different situations, involving a wide range
of technical fields. In the actual geological hazard survey
process, it is often difficult to deal with problems by single
detection method, and it is difficult to play a good effect.
Therefore, researchers must comprehensively use
environmental geophysical methods to solve geological
problems. Different environmental geophysical methods have
their own characteristics and advantages, which can solve the
shallow and deep surface geological problems.
Comprehensive utilization of environmental geophysical
methods can make the methods and techniques more
scientific and reliable. For different geological hazards,
researchers should adopt a combination of various methods
from the aspects of safety, economy, efficiency and accuracy
to improve the efficiency of geological hazard survey.

The application of environmental geophysical method is

relatively limited. At present, the application of this method
is limited to the monitoring and prediction of geological
hazards. We should think about the expansion of the function
of this method, and turn more to the limitation and
management of geological hazards, so as to fundamentally
limit the occurrence of geological hazards.

5. Conclusion

On the whole, with the continuous progress of social science
and technology, human interference to the geological
environment has become more and more obvious. It is necessary
to detect and prevent geological hazard, and the geological
hazard monitoring method represented by environmental
geophysical method is particularly important. The accuracy,
extensiveness, reliability and high efficiency of detection are
important criteria for judging geological hazard monitoring
methods. Environmental geophysical methods have many
advantages in application, and are also widely used in the actual
geological hazard survey. In practical work, relevant survey
departments need to grasp the principles and characteristics of
environmental geophysical methods accurately, and flexibly
select and use environmental geophysical methods according to
the actual geological conditions, so as to find out the
environmental geophysical methods suitable for local geology.
This is conducive to the efficient development of geological
hazard monitoring, and constantly improve the level of
geological hazard prediction, prevention and control, so as to
better serve the environmental governance and protection.

Acknowledgements

The author thanked the reviewers for their constructive
comments, which greatly improve the paper. The Hubei
Geological Bureau is acknowledged for providing the data
used in this paper.

References

[1] C.S.Zhang, M. L. Wu, and Y. C. Zhang, “Method and prospect
of geological hazard risk assessment,” Journal of Natural
hazards, 2003, pp. 96-102.

[2] H. M. Tang, X. S. Lin, H. K. Chen, and F. Tang, “Risk zoning
assessment of geological hazard in Wanzhou area, Chongqing
City,” The Chinese Journal of Geological Hazard and Control,
2004, pp. 1-5.

[31 L. Ming, H. Tang, and S. Ye, “Research on Chain Rule of
Typical Geological hazard,” Journal of Catastrophology, 2008,

pp- 1-5.



[4]

[5]

[7]

(8]

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

International Journal of Environmental Protection and Policy 2022; 10(4): 92-100 99

W. Yue, “Application of ARM9 processor in geological hazard
detection apparatus,” Electronic Measurement Technology,
2007.

Y. Chen, “Application of remote sensing technology in
geological hazard investigation and detection,” Automation &
Instrumentation, 2017.

S. Jiang, “Study of landslide geological hazard prediction
method based on probability migration,” Natural Hazards,
2021, pp. 1-10.

S. A. Ugwu, and J. I. Nwosu, “Effect of Waste Dumps on
Groundwater in Choba using Geophysical Method,” Journal of
Applied Sciences & Environmental Management, 2009.

M. Schmutz, R. Guérin, O. Maquaire, M. Descloitres, J. J.
Schott, and Y. Albouy, “Geophysical method contribution to
the Super Sauze (South France) flowslide knowledge,” Proc.
int. symp. on Landslides, 2000.

A. Panjamani, and T. G. Sitharam, "Evaluation of Low Strain
Dynamic Properties using Geophysical Method: A Case
Study," 2008.

N. Martakis, A. Tselentis, S. Kapotas, and E. Karageorgi,
"Passive Seismic Tomography a complementary geophysical
method: successful case study. " Japanese Colleges of
Technology Education Journal, 2003.

T. Chen, W. U. Hong, H. Huang, and R. Sun, "Application of
Environmental Geophysical Prospecting in Environmental
Quality Investigation of Reclaimed Land," Meteorological and
Environmental Research, 2020.

R. Rodriguez. “Mapping karst solution features by the

integrated  geophysical  method,”  Engineering  and
Environmental Problems in Karst Terrane, 2018.
L Wang, “Application of Geophysical Methods in

Environmental Protection,” Site Investigation Science and
Technology, 2003.

R. C. Benson, and L. Yuhr, “Geophysical Methods for
Environmental Assessment,” Geoenvironment ASCE, 2013.

R. G. Bingham, E. C. King, A. M. Smith, and Pritchard, H. D.
Glacial, “Geomorphology: Towards a convergence of
glaciology and geomorphology,” Progress in Physical
Geography, 2010, pp. 327-355.

Y. E. Teng-Fei, Y. L. Gong, C. X. Lu, and Y. Chen,
"Application of Environmental Geophysical Methods in the
Investigation of Contaminated Sites." Journal of University of
South China (Science and Technology), 2008.

L. P. Chegbeleh, J. A. Akudago, M. Nishigaki, and S. Edusei,
“Electromagnetic  geophysical survey for groundwater
exploration in the voltaian of northern ghana.” Journal of
Environmental Hydrology, 2009, pp. 1-16.

L. V. Eppelbaum, “Remote Operated Vehicle Geophysical
Survey Using Magnetic and VLF Methods: Proposed Schemes
for Data Processing and Interpretation,” Meeting of
Environmental and Engineering Geophysical Society of
America, 2008.

Maillet, and Raymond, “The Fundamental Equations of
Electrical Prospecting,” Geophysics, 1947, pp. 29.

D. Z Ochler, and B. K. Sternberg, “Seepage-induced anomalies,
false anomalies, and implications for electrical prospecting,”

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]
[33]

AAPG Bulletin, 1984, pp. 1121-1145.

C. C.Yin, Y. H. Liu, A. H. Weng, and D. Y. Jia, “Research on
marine controued-source electromagnetic method airwave,”
Journal of Jilin University, 2012, pp. 1506-1520.

K. O. O. mosanya, and T. M. Alves, “A 3-dimensional seismic
method to assess the provenance of Mass-Transport Deposits
(MTDs) on salt-rich continental slopes (Espirito Santo Basin,
SE Brazil),” Marine and Petroleum Geology, 2013, pp.
223-239.

G. G. Walton, “Three-Dimensional
Geophysics, 2012, pp. 417.

Seismic Method,”

K. O. Omosanya, and T. M. Alves. "A 3-dimensional seismic
method to assess the provenance of Mass-Transport Deposits
(MTDs) on salt-rich continental slopes (Espirito Santo Basin,
SE Brazil)." Marine & Petroleum Geology, 2013, pp.
223-239.

S. L. Qu, Y. X. Ji, X. Wang, Wang, X. L, and G. Q. Shen,
"Seismic method for using full-azimuth P-wave attribution to
detect fracture." Oil Geophysical Prospecting, 2001.

M. Ge, H. Wang, H. R. Hardy, and R. Ramani, "Void detection
at an anthracite mine using an in-seam seismic method."
International Journal of Coal Geology, 2008, pp. 201-212.

T. Engelsfeld, Franjo. Sumanovac, and N. Pavin, "Investigation
of underground cavities in a two-layer model using the
refraction seismic method." Near Surface Geophysics, 2008, pp.
221-231.

S. Reiser, J. P. Herrmann, and A. Temming, “Thermal
preference of the common brown shrimp (Crangon crangon,
L.) determined by the acute and gravitational method,”
Journal of Experimental Marine Biology and Ecology, 2014,
pp- 250-256.

E. Newman, and R. Penrose, "An Approach to G. ravitational
Radiation by a Method of Spin Coefficients." Journal of
Mathematical Physics, 1963, pp. 998-998.

M. Shigeo, and M. Yuji, "Basement topography of the
Kathmandu Valley, Nepal-An application of gravitational
method to the survey of a tectonic basin in the Himalayas."
Korean Journal of Food & Nutrition, 1980, pp. 80-87.

K. Kainulainen, and V. Marra, "Accurate modeling of weak
lensing with the stochastic gravitational lensing method."
Physical Review D, 2011.

M. S Reford, “Magnetic method: Geophysics, 1980.

R. Z. Levitin, V. V. Snegirev, A. V. Kopylov, A. S. Lagutin, and
A. Gerber, “Magnetic method of magnetocaloric effect
determination in high pulsed magnetic fields,” Journal of
Magnetism & Magnetic Materials, 1997, pp. 223-227.

F. Li, and J. Kosel, “A Magnetic Method to Concentrate and
Trap Biological Targets,” IEEE Transactions on Magnetics,
2012, pp. 2854-2856.

H. Lee, H. Suh, and T. Chang, “Rapid Removal of Green Algae
by the Magnetic Method,” Environmental Engineering
Research, 2012, pp. 151-156.

D. O. Seevers. "A Nuclear Magnetic Method For Determining
The Permeability Of Sandstones." Spwla Annual Logging
Symposium, 1966.



100

[37]

[38]

[39]

[40]

[41]

Zhang Yiran et al.:

L. Ferrara, M. Faifer, M. Muhaxheri, and S. Toscani, "A
magnetic method for non destructive monitoring of fiber
dispersion and orientation in steel fiber reinforced cementitious
composites. Part 2: Correlation to tensile fracture toughness."
Materials & Structures, 2012, pp. 591-598.

F. Li, and J. Kosel, "A Magnetic Method to Concentrate and
Trap Biological Targets." IEEE Transactions on Magnetics,
2012, pp. 2854-2856.

G. V. Bida, "Differential Magnetic Method of Nondestructive
Testing and Phase Analysis." Russian Journal of
Nondestructive Testing, 2002, pp. 21-35.

M. Radu, J. Valy, A. F. Gourgues, F. L. Strat, and A. Pineau,
"Continuous magnetic method for quantitative monitoring of
martensitic transformation in steels containing metastable
austenite." Scripta Materialia, 2005, pp. 525-530.

J. Miles, "Temporal variation of radon levels in houses and
implications for radon measurement strategies. " Radiation
Protection Dosimetry, 2001, pp. 369-76.

[42]

[43]

[44]

[45]

Research on Environmental Geophysical Methods in Geological Hazards Monitoring

T. V. Ramachandran, B. Y. Lalit, and U. C. Mishra,
"Measurement of radon permeability through some
membranes." International Journal of Radiation Applications &
Instrumentation Part D Nuclear Tracks & Radiation
Measurements, 1987, pp. 81-84.

S. A. Talha, R. Meijer, R. Lindsay, R. T. Newman, P. P. Maleka,
and Hlatshwayo. "In-field radon measurement in water: a novel
approach." Journal of Environmental Radioactivity, 2010, pp.
1024-1031.

M. C. Robe, A. Rannou, and B. J. Le, "Radon Measurement in
the Environment in France." Radiation Protection Dosimetry,
1992, pp. 455-457.

D. Vuchkov, K. Ivanova, Z. Stojanovska, B. Kunovska, and V.
Badulin, "Radon measurement in schools and kindergartens
(Kremikovtsi Municipality, Bulgaria)." Romanian Journal of
Physics, 2013, pp. S328-S335.



