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Summary 

In the last decade, important oil and gas deposits were 

discovered in complex mountainous areas in Tarim basin, 

western  China, but many of them were  accompanied  by 

serious HSE (health, safety and environment) risks due to 

poor topographic conditions there. Extremely complex 

terrains  limited  ground  access and  made  deployment of
sources and receivers difficult, in particular for the 

dynamite-source seismic exploration, where transportation 

of drilling rigs was a tremendous challenge and raised 

serious safety concerns. It is long expected to reduce the 

exposure of field personnel  to hazardous situations and 

environments by significantly reducing the fieldwork load 
and reasonably planning implementation route, both

reducing  the  construction  risk and improving  the  survey 

efficiency. With the application of high precision remote 

sensing information, especially the DEM (digital elevation 
model), many important results were achieved. In this paper, 

we present a terrain risk classification method based on the 
DEM, and  introduce  its  applications,  such  as  optimized 

deployment of source and receivers, planning survey routes

and lift locations of helicopters, in mountainous areas of 

western China. 

Introduction 

In 2018, a 3D high-density seismic exploration was

implemented  in  the  Tarim  basin  in  western  China.  The 

topographic conditions, including various types of terrains, 

such as gullies, great mountains and steep cliffs, faced by 
field crews were extremely poor (refer to Figure 1). Seismic 

exploration was never conducted in this area in the past due 
to serious HSE risk and extremely low efficiency caused by 

complicated topography. Therefore, evaluating as much 

terrain  risk information as possible, optimizing the work 

flow and preparing a reasonable emergency plan were 

necessary  procedures  in  advance.  Obtaining  high-quality 

seismic data while reducing the cost were our primary goal 

when doing seismic acquisition design. With the 
development of geographic information technology, risk 

evaluation based on the DEM and slope information were 

becoming ever popular in seismic exploration (Gerry 

Mitchell,2013, Christopher B. Harrison, 2018).  However, 

successful application of these techniques in complicated 

mountainous areas was still limited. In this study, we will 
report a terrain risk classification method based on the DEM, 

and introduce its applications in mountainous areas in 

western China. 

Topographic risk classification method 

DEM is the 3D spatial distribution of geomorphic elevations. 

Slope derived from the DEM characterizes the steepness 

along certain direction and within certain range. Because the 

gradient of the topography is a vector, a more convenient 

scalar measurement of steepness is  the RMS (root mean 
square) slope, which can be express as

S = arctan ,,,,,,
×  +

,, ,, ,,× 
 

, 

where S is the RMS slope from two perpendicular directions,�, are sampled elevations,  and  are sampling�� ��
intervals, which should be larger than the model grid space. 

The sampling geometry is shown in Figure 2. Many 
exploration experiences showed that using the slope alone 

cannot properly characterize the topographic risk. Figure 3 

shows that  there  are significant  differences  for slops  at 

different azimuths. 
For this purpose, we propose a second criterion called 

“fluctuation”, which is the local RMS elevation difference 

and can be defined as 

 F = �, − � + �, − � + ⋯ + �, − �
9 

  ,
where is the local average elevation. Table 1 is an � 
example of topographic risk classification in Western China, 

jointly based on both  and . When and� � � ≤ 10 �  � ≤
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15°, the location can be regarded as safe and chosen as the 
helipad or drop location of acquirement equipment.  

When and  , the locations 10 � < � ≤ 15 � 15° < � ≤ 30°
can be regarded as in low risk and can be chosen for the 

survey path. When a location is within 15 � < � ≤ 25 �
and , it is regarded as in medium risk; and   30° < � ≤ 50°
seismic field personnel should have safety equipment such 
as safety ropes. If the terrain is within 25 � < � ≤ 30 �
and , it is regarded as a high risk area, where  50° < � ≤ 60°
seismic exploration cannot be conducted without assistances 

by helicopter and necessary equipment. When the cliff is � > 30 � � > 60° and , the zone is considered very 

hazardous and seismic exploration cannot be applied in such 

an area.

Very high risk 0°

Figure 4 compares the slope distribution map and the 

topographic risk distribution map for the same region. Clear 

differences can be seen between these two maps. In the black 

box, slope distribution map shows that it is a high risk area 
but seismic acquisition may still be implemented with 

certain  assistance.  On  the contrast, risk  distribution map 

shows this is a highly hazardous area and fieldwork cannot 

be applied. This evaluation was later confirmed by actual 
scouting work. In other words, combining both  and � �  can 

distinguish risk more accurately in areas with complex 

terrains. 

Examples 

In 2018, a seismic exploration program was carried out in 

the Tarim basin in western China. Properly planning source 

and  receiver  implementations  were  seriously  affected  by 

hazardous situations and environments. Application of 

topographic  risk  classification  reduced  fieldwork  load  of
scouting by as much as 57% and increased the 

implementation efficiency by up to 23%. The new technique 

was  mainly  used  in four  aspects:  optimizing  source  and 

receiver locations, planning survey paths, organizing 

implementation regions and selecting helicopter landing 

locations.

The method of topographic risk classification was used to 
optimize the source and receiver locations through marks the 

high-risk regions during survey design to avoid access to

these areas. If the fold did not meet the design requirement, 

additional points should be placed near the medium- or low-
risk area. In this 3D seismic exploration case, the required 

fold is higher than 100. Figure 5 shows a topographic image 
of an area in Tarim basin with optimized source locations, 

where theoretically designed source locations within high-

risk region were moved to medium-to-low risk regions. At 

Slope of 0° azimuth Slope of 45° azimuth 
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the same time, some sources were added to these regions in 

order to improve the fold. The application of the topographic 
risk classification method made the design meet the 

acquisition requirement, and at the meantime, effectively 

reduced risks faced by field personnel. 

Because  the  region  under  exploration  was  a  “no-man 

zone”, where no existing route can be used for scouting 
purpose. In order to improve seismic exploration efficiency 

and safety, survey route should be planned before the actual 

fieldwork.  Based on the placement of sources and receivers, 

scouting routes were planned within zones with medium-to-

low risk. Combining the DEM and DOM (Digital 

Orthophoto Map) information, it greatly reduced the risk of 

fieldwork in mountainous areas. Table 2 compares situations 
between unplanned and planned survey paths. It can be seen 

that field personnel shortened the scouting distance by up to 

35%. 

Table 2: Differences between planned and unplanned scouting 

Properly organizing the implementation region was also 

an important application of topographic risk classification in 

this  3D  seismic  exploration  program. Due  to hazardous 

terrains, HSE risk was the most serious challenge for 3D 

seismic  exploration in  the  Tarim  basin.  In  the  past,  the 

acquisition used to be organized along the source and 

receiver lines. For dynamite sources, transferring drilling 
equipment and deploying receivers were particularly time 

consuming and risky. For the 3D seismic project mentioned 
here, organization of acquisition was largely improved by 

using the topographic risk classification technique. Using 

helicopters to support the operation was an excellent choice. 

Integrated risk classification information helped choosing 

scouting routes. Implementation regions were divided into 

individual blocks based on the following constrains: 
helicopter hoisting frequency, cliff climbing frequency, river 

crossing frequency and so on. There was only one route or 

helicopter lift location in each block, which ensures 

implementation of acquisition process under a low-risk 

environment with limited equipment transfer and labor costs. 

Under  the budget  constraint, optimizing  helicopter  flight 
times and safety  locations are the primary consideration. 

Figure 6 compares acquisition models either based on blocks 

or directly along the source and the receiver lines. There 

were many hazardous cliffs around the acquisition region, 

but it was in low risk inside the implementation aera. In the 
past, four drills and eight helicopter flights would be 

necessary for such a region. On the contrast, in this project,

assignment was successfully ompleted by using one drill and 

two flights, which greatly reduced relocation risk and 

considerably reduced costs. 

Optimizing helicopter stops was an important issue for the 

project team, not only because the safety was the top concern, 

but convenience and efficiency were also critical. In this case, 

Optimized points 
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different helicopter models had their own slope and 

fluctuation requirements for landing locations, and they
must be created separately. Based on the topographic risk 

classification method, the optimization process can be

accomplished in one time. Figure 7 shows a map of 

helicopter landing locations in this 3D seismic exploration 

project. Compared to previous method, the newly obtained 

optimized location was both in low risky and high efficiency. 

In the above case, all landing locations and most of delivery 
locations were optimized in one time from the indoor design. 

Conclusions 

In complicated mountainous area, using the RMS slope 

alone  to analyze  seismic  exploration risk  is not enough. 
Elevation fluctuations can provide additional information to

judge the risk caused by complex terrains. Integrating both 

RMS slope and fluctuation can provide reliable estimate on 

the implementation risk. 

Topographic risk classification based on DEM were 

applied to acquisition design in hazardous  mountainous 
areas in the Tarim basin of western China. The proposed 

method improved seismic survey safety by reducing field 

crew exposure, optimizing shot and receiver locations, and 
organizing helicopter flights and landing locations.
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