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Abstract: When assessing the geo-ecological risk of operating underground facilities, it is necessary to take into 

account dangerous hydrogeological (the nature of groundwater migration, its temperature regime, composition and 

mineralization, hydrostatic and piezometric pressure, etc.) and geological (karst, suffusion-erosion, landslide pro-
cesses, rock collapse, etc.) processes. The most visible type of geological risk assessment is the compilation of 

geological risk maps and the development of a system of indicators of the level of geological danger for a specific 

mining area, which is implemented through a matrix of the level of geological risks for various territorial objects. 
The geo-ecological risk has been calculated for each technological process for shallow and deep tunnels. An expert 

method was used to rank geo-ecological risks and determine their quantitative characteristics at the stage of operation 

of metro facilities. The paper shows the software module of the information and analytical model, which makes it 
possible to quantify the risk. A geo-ecological risk management system has been developed, which makes it possible 

to determine the distribution zones of the most dangerous processes in the “rock mass – technology –tunnel” system 

based on forecast calculations. The presented methodology for assessing geo-ecological risks during the operation 
of metro facilities makes it possible to predict the development of emergency situations and assign monitoring and 

protective measures based on the establishment of acceptable geo-ecological risk values in each specific case.  
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1. Introduction 

Geoecological risk in underground construction is the probability of adverse events resulting in a dis-

ruption of the stability of the existing natural and technical geosystem “rock mass – technology – un-

derground structure” as a result of geotechnical activities. 

The levels of geo-ecological risk that must be considered in tunnel construction are as follows:  

• negligible geo-ecological risk is the maximum level set by regulatory authorities that requires spe-

cial measures to eliminate it; 

• acceptable geo-ecological risk – the maximum level justified from ecological, geotechnical, socio-

economic and ecological positions; 

• maximum permissible geo-ecological risk – the maximum level allowed by the policy of a mining 

and construction organization in the field of environmental safety. 

When assessing the geo-ecological risk of operating metro facilities, it is primarily necessary to take 

into account dangerous hydrogeological (the nature of groundwater migration, its temperature regime, 

composition and mineralization, hydrostatic and piezometric pressure, etc.) and geological (karst, suf-

fusion-erosion, landslide processes, rock collapse, etc.) processes. 

The most obvious type of geological risk assessment, as already noted, is the compilation of geological 

risk maps and the development of a system of indicators of the level of geological danger for a specific 
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mining area, which is implemented through a matrix of the level of geological risks for various territo-

rial objects, while according to international practice, there are 7 groups, each of which character-

izes a certain type of or a significant geological risk factor, for example, suitability for the development 

of underground space, the presence of tectonic processes., groundwater activity, terrain features, karst 

activity, etc. 

2. Methodology 

The level of potential geological risk is determined for each specific situation: 

• low level, not requiring managerial decision-making; 

• the average level, which determines the recommendatory nature of the applied risk management 

measures; 

• a high level that determines the need to take risk management measures; 

• a very high level, which necessarily prescribes the adoption of risk management measures. 

The identified level of geological risk determines the nature of filling in the matrix as the basis for 

drawing up risk maps. The maps show the distribution of the potential geological risk of this type in 

the considered operational area. 

The assessment of geoecological risk also determines the consideration of socio-man-made factors that 

manifest themselves through non-compliance with the operating regime, violation of the work passport, 

violation of the ventilation regime, non-compliance with safety regulations and sanitary protection 

standards, etc. In addition, at the stage of operation are taken into account: 

• modification of the heat and mass transfer system between the underground structure and the host 

rock mass; 

• changes in soil composition and structure; 

• air pollution of the working area by dust and gases from the operation of equipment or rolling stock; 

• depletion and pollution of groundwater, changes in the nature of their migration, temperature re-

gime, composition, etc.; 

• geomechanical transformation of the Earth’s surface. 

The calculation of geoecological risk is carried out in relation to each technological process, while 

coefficients of significance of the consequences of a particular technological process are introduced: 
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where i – the index of the technological process; j – the index of abnormal consequences from the 

technological process; Nij и Nj – the number of potential undesirable consequences of the i-th process 

on the natural and technical system and on the totality of potential consequences, respectively; kij и kj 

– coefficients of significance of the consequences of the i-technological process and all possible j-

consequences. 

The generalized geo-ecological risk R0 will be determined from the formula: 
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where Pi – the probability of the manifestation of the i-th process; kj – the coefficient of significance of 

the i-th process within the boundaries of the natural and technical geosystem. 
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To rank geoecological risks and determine its quantitative characteristics at the stage of operation of 

metro facilities, an expert method was used, the results of which are shown in Table 1. 

The types of geoecological risk indicated in Table 1 can be assessed by introducing normalization co-

efficients that characterize the proportion of the most unfavorable event taken as a unit. 

Thus, the geoecological risk during the operation of shallow tunnels can be calculated using the for-

mula: 

 ,gwahsg RRRRR +++=  (3) 

where Rs – the risk of geomechanical transformation of the territory; Rh – the risk of changing the heat 

and mass transfer system between an underground object and the host rock mass; Ra – risk of contam-

ination inside the tunnel atmosphere; Rgw – the risk of pollution and depletion of the water basin. 

Table 1. Quantitative values of geoecological risks. 

The risk of geomechanical transformation of the territory is determined as follows: 

 ( ) ,pqqR kksssss  +=  (4) 

где  ss – coefficient of significance of geomechanical transformation of the territory; qss – the value of 

the indicator code for geomechanical transformation of the territory; k – coefficient of significance for 

the development of karst processes; qk – the value of the karst process development indicator code; p – 

the normalizing indicator. 

The risk of pollution and depletion of a water basin will be defined as: 

No. Negative environmental processes The degree 

of manifes-

tation of the 

negative 

process 

Code Coefficient of signifi-

cance of the negative 
process indicator 

Shallow tunnels 

1. Geomechanical transformation of the territory 

Potential precipitation of the Earth’s surface 

 

Development of surface forms of karst 

 

Small 

Big 

Small 

Big 

 

1 

2 

1 

2 

 

 
0,3 

2. Modification of the heat and mass transfer system be-

tween an underground structure and the host rock mass 

Small  

Big  

1 

2 
 

0,2 

3. Atmospheric pollution Small  

Big 

1 

2 
0,15 

4. Pollution and depletion of groundwater 

Flooding of the territory 

 

Changes in temperature conditions and migration pat-

terns 

 

Small  

Big  

Small  

Big 

 

1 

2 

1 

2 

 

 

0,35 

Deep-laid tunnels 

1. Pollution inside the tunnel atmosphere Small 

Big 

1 

2 
0,1 

2. Changes in the underground hydrosphere 

Infiltration into groundwater tunnels 

 

Changes in the hydrological regime of groundwater 

 

Small  

Big  

Small  

Big 

 

1 

2 

1 

2 

 

 

0,6 

3.  Geomechanical transformations of the host rock mass 

Changing the composition and structure of soils 

 

The development of underground forms of karst 

 

 

Small  

Big  

Small 

Big 

 

 

1 

2 

1 

2 

 

 
0,3 
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 ( ) ,wqqR rrffgw  +=  (5) 

где  f – coefficient of significance of flooding of the territory; qf – the value of the territory flooding 

indicator code; r – coefficient of significance of changes in the regime of groundwater and surface 

waters; qr – the value of the indicator code for changes in the regime of groundwater and surface waters; 

w – the normalizing indicator. 

The risk of atmospheric pollution is calculated using the formula: 

 , aaa qR =
 

(6) 

where a – coefficient of significance of atmospheric pollution; qa – the value of the atmospheric pol-

lution indicator code;  – the normalizing multiplier. 

 The risk of a change in the heat and mass transfer system between the tunnel and the host array is 

calculated as follows: 

 ,mqR hhh =
 

(7) 

where  h – coefficient of significance of the change in the heat and mass transfer system between the 

tunnel and the host array; qh – the value of the indicator code for the change in the heat and mass transfer 

system between the tunnel and the host array; m is the normalizing multiplier. 

The geoecological risk during the operation of deep tunnels can be calculated using the formula 

 ,ugwuamug RRRR ++=
 

(8) 

where Rm – the risk of geomechanical transformation of the host rock mass; Rua – risk of contamination 

inside the tunnel atmosphere; Rugw – the risk of pollution and depletion of the water basin. 

The risk of geomechanical transformation of the host rock mass is determined as follows: 

 ( ) ,1pqqR ukukmmm  +=
 

(9) 

where  m – coefficient of significance of changes in soil composition and structure; qm – the value of 

the indicator code for changes in soil composition and structure; uk – coefficient of importance for the 

development of underground karst forms; quk – the value of the indicator code for the development of 

underground karst formations; p1 – the normalizing indicator. 

The risk of contamination and depletion of the underground hydrosphere is defined as: 

 ( ) ,1wqqR hrhrinfinfugw  +=
 

(10) 

where inf – coefficient of importance of infiltration into groundwater tunnels; qinf – the value of the 

indicator code for infiltration into groundwater tunnels; hr – coefficient of significance of changes in 

the hydrogeological regime; qhr – the value of the hydrogeological regime change indicator code; w1 – 

the normalizing indicator. 

The risk of contamination inside the tunnel atmosphere is calculated using the formula: 

 ,1 uauaua qR =
 

(11) 
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where  ua – coefficient of importance of pollution inside the tunnel atmosphere; qua – the value of the 

tunnel's atmospheric pollution indicator code; 1 – the normalizing multiplier. 

3. Results 

A quantitative analysis of these risks and the establishment of their acceptable values makes it possible 

to form a geoecological risk control system for the operation of metro facilities (Fig. 1). 

 

Fig. 1. Geoecological risk management system at metro facilities. 

A quantitative risk assessment can be determined based on an information and analytical model, the 

program module of which is shown in Fig. 2. 
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Fig. 2. Functional diagram of the software module. 

For a qualitative analysis of the risk level, mapping can be used to identify the zone of maximum dam-

age caused by negative processes caused by technological work during the operation of metro facilities. 

The developed geoecological risk control system makes it possible to determine the distribution zones 

of the most dangerous processes in the rock mass – technology – tunnel system based on forecast cal-

culations. 

The presented methodology for assessing geoecological risks during the operation of metro facilities 

makes it possible to predict the development of emergency and assign monitoring and protective 

measures based on the establishment of acceptable geoecological risk values in each specific case. 

4. Conclusion 

1. For the first time, the question was raised about the concept of acceptable risk at the stage of 

operation of underground metro facilities, i.e. about the level according to which the thresh-

old levels of acceptable and desired environmental safety are set in each specific case. The 

concept of acceptable risk is associated with a high probability of reducing the safety of tech-

nological processes due primarily to the environmental incompatibility of the methods used 

with natural factors. Moreover, engineering and geological factors are of primary importance. 

2. A methodology for managing geoecological risks during the operation of metro facilities has 

been developed, which makes it possible, based on forecast calculations, to determine the 

distribution zones of the most dangerous processes in the “rock mass – technology – under-

ground equipment” system. 
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