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Abstract: This paper investigates the existing expressway tunnels with serious 

problems of water leakage, mud gushing, pavement grouting and supporting structure 

damage caused by drainage ditch siltation, and makes a detailed analysis of their 

geological structure, geomorphology, stratum lithology, climate and hydrology, 

groundwater and drainage of drainage ditches. On this basis, tunnel drainage is 

summarized. The causes, mechanism and characteristics of channel siltation are 

analyzed. Then, the existing techniques and equipment for detecting and removing 

silt in pipelines are investigated. The conditions, principles, advantages and 

disadvantages of each technique are understood, and the advantages and 

disadvantages of its application in tunnel drainage ditches are summarized. Through 

analysis, according to the application environment of tunnel drainage ditch detection 

technology, the effective detection technology scheme and the silt removal scheme 

under different siltation conditions are put forward. 
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1. Background 

In recent years, with the large-scale construction of expressways in mountainous areas 

in China, more and more tunnels have been built [1], and various diseases of tunnels 

have gradually emerged. Among them, water leakage is the most common. According 

to the survey, about 80% of highway tunnels in China have water leakage 

phenomenon, and about 31% of highway tunnels have had serious water leakage 

diseases [2]. Tunnel leakage will damage the lining structure, causing wet and slippery 

pavement, affecting traffic safety, increasing the humidity in the tunnel, affecting the 

normal use of mechanical and electrical equipment, and serious tunnel collapse. The 

cause of tunnel seepage is related to the deposition of tunnel drainage ditch. In the 

process of groundwater seepage, sediment, rock debris, salt crystals and other 

substances in the water are brought into the drainage system. These substances will 



Volume 6 Issue 6 2019 

   82 

deposit in the low-lying part of the drainage ditch. Over the years, the drainage pipe 

will be blocked, once the drainage is through. When the drainage capacity of tunnel 

drainage system drops sharply and the dynamic balance between the inflow and 

outflow of tunnel water is broken, the water source will find a new outlet for drainage, 

which will lead to leakage, leading to the overall failure of tunnel waterproof and 

drainage system [3]. 

There are many reasons for tunnel drainage system siltation, and the characteristics 

of tunnel drainage system siltation under different geological conditions are also 

different [4]. At present, in view of the silt removal and maintenance of tunnel 

drainage system, the common method is to use high-pressure cleaning equipment to 

achieve the purpose of silt removal, but for the characteristics of deep burial and 

concealment of tunnel engineering, the effect of silt removal is not good. For pipelines 

with serious siltation and blockage, it is usually used to uncover drainage pipes and 

excavate dredged pipes. This method has high cost and seriously affects the normal 

operation of tunnels. Therefore, nondestructive detection and silt removal in tunnel 

trench during daily maintenance are very important for safe operation of tunnel. 

 

2. Sources of blockage in drainage ditches of tunnels 

Water is the root cause of blockage in tunnel drainage ditches. It is under the 

interaction and mutual promotion of physical and chemical action of water that 

blockage gradually occurs in drainage systems. There are three kinds of blockages 

caused by the physical action of water, i.e. the seepage action of water: the first is the 

debris and particles of surrounding rock generated by the continuous erosion of 

surrounding rock during the seepage process of groundwater; the second is the 

sediment and fine sand brought by the movement of surface water in the process of 

surface water recharging groundwater; the third is the tunnel drainage construction. 

Or some of the waste and small garbage left over from the operation process. The 

chemical action of water is manifested in the seepage crystallization of karst 

groundwater, which produces precipitated crystals in tunnel drainage pipes, such as 

some insoluble carbonate rocks [5]. These blockages caused by the action of water 

will enter the tunnel drainage ditch with the seepage movement of groundwater, and 

eventually cause the drainage ditch siltation. 

 

3. Cause Analysis of Sedimentation in Tunnel Drainage System 

There are many reasons for the siltation of tunnel drainage ditch [6]. By investigating 

and analyzing the current situation of siltation and blockage of tunnel waterproof and 

drainage in our country, the main influencing factors can be generally divided into 

three aspects: climatic factors, geological factors and engineering factors. These 



Volume 6 Issue 6 2019 

   83 

factors also interact with each other  

 

3.1 Climatic factors 

The influence of climate factors on the deposition of tunnel drainage pipes has the 

characteristics of long-term and sustainability, mainly in the aspects of rainfall and 

temperature. 

In the process of rainfall, because of the difference of ion composition between surface 

water and groundwater, the mixed dissolution effect will be formed, which will change 

the ion concentration balance of original groundwater. When the rainfall intensity is 

relatively high, the surface runoff recharge effect is obvious, resulting in the content 

of Ca2+, Mg2+, Ba2+, HCO 3-, CO32-, SO42-in groundwater. Change occurs and 

insoluble precipitation crystals are formed in tunnel drainage ditches. In addition, in 

the process of groundwater recharge by surface water, sediment carried by surface 

water flow will also enter the groundwater system with water flow. These sediments 

are easy to deposit in the low-lying part of tunnel drainage system, leading to the 

gradual reduction of groundwater flow in drainage pipes until the drainage system is 

completely blocked and invalid. 

The change of temperature affects the temperature of water solution in drainage 

pipeline. The change of water temperature affects the rate of precipitation crystals 

generated by chemical reaction of groundwater, and also changes the solubility of 

precipitation crystals, thus affecting the rate of precipitation crystals generated in 

tunnel drainage ditch [7]. 

 

3.2 Geological factors 

The content of CO2 is relatively abundant in fault fracture zone. Tunnel excavation will 

lead to the gradual release of CO2 in deep strata, increase the concentration of CO2 

in groundwater, thus enhancing the erosion of groundwater, promoting the formation 

of insoluble carbonate rocks, and accelerating the formation of precipitated crystals in 

drainage pipelines. 

In the tunnels constructed in Karst areas, karst depressions, falling water caves and 

karst caves are ubiquitous around the surface. The existence of these karst landforms 

is conducive to the rapid infiltration of surface water, accelerating the dissolution-

mixing effect with groundwater, and more conducive to the formation of precipitated 

crystals. In addition, the soluble rock in karst area will dissolve under the erosion and 

corrosion of groundwater, and the fine surrounding rock fragments and particles will 

enter the tunnel drainage pipe to silt with the seepage movement of groundwater. 
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3.3 Construction factors 

In the design of tunnel drainage system, it is necessary to follow the principle of 

adapting measures to local conditions. The size of drainage pipe should be determined 

according to the actual situation of tunnel and the size of water flow, and the factors 

of flow velocity, filling degree and slope should be fully considered. If the size of 

drainage pipe is too small, a small amount of precipitated crystals, sediment and debris 

of surrounding rock can easily deposit in the drainage pipe, such as If the size of 

drainage pipe is too large, it will not only increase the engineering cost and 

construction difficulty, but also reduce the flow rate of water, which is conducive to 

the formation of precipitated crystals in drainage pipe. After the precipitated crystals 

are formed on the wall of tunnel drainage pipe, the roughness of the pipe wall is 

increased, thus increasing the resistance of groundwater flowing through the pipeline, 

and at the same time reducing the resistance of groundwater flowing through the 

pipeline. The transverse section reduces the water conveying capacity of the drainage 

pipe. 

When the tunnel drainage system is constructed, the measurement error is inevitable. 

If the design slope of the local drainage pipe does not conform to the actual slope, 

the drainage of the drainage pipe will not be smooth. In addition, if the residual debris 

is not removed in time during construction and operation and maintenance, it may 

enter the drainage pipeline along with the water flow, and aggravate the 

sedimentation degree of the tunnel drainage pipeline as the precipitation crystals, 

sediment and surrounding rock debris in the drainage pipeline. 

 

4. Sediment Cleaning Method for Drainage Pipeline 

4.1. Traditional method 

At present, the commonly used methods of pipeline silt removal include high pressure 

water gun, winch, water scouring and cleaning, ditch machine, silt removal ball and 

sluice gate flushing, etc [8]. The principles of these methods directly affect their 

effectiveness and scope of use. High-pressure water gun method has certain 

advantages in automation and silt removal effect, but its application scope and 

frequency are limited because of the high equipment and operation cost of the system. 

The cost of dredging by winch is low, but it requires workers to go down and pull wires. 

Sometimes the underground environment is too bad, which makes the work difficult 

and endangers workers' lives. The rule of water scouring and cleaning requires that 

the pipeline to be cleaned has a certain water flow, and the silt should not be too 

much. For the tunnel drainage system, the precondition of this method is difficult to 

meet. The trencher requires smooth pipe wall, which is often used in metal sewage 

pipelines. Cleaning balls are only a means of prevention. These methods have their 
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own advantages and disadvantages. Considering the site factors and costs, we can 

choose a suitable scheme for silt removal operation. 

 

4.2 Modern robot method 

With the rapid development of robot technology and the deepening research of 

drainage pipeline silt removal technology, a pipeline silt removal robot technology has 

been developed. Pipeline silt removal robot is a new silt removal technology which 

integrates the functions of pipeline internal detection and silt removal [9]. It can realize 

the middle-distance detection and silt removal. It carries high-tech detection means 

such as video detection system and ultrasonic detection system in drainage pipeline. 

It has the characteristics of high efficiency, precision and safety, and can maintain 

pipelines. The work provides sufficient and scientific basis for decision-making. 

However, due to the shortage of pipeline dredging robot and lack of engineering 

application reference, it needs to be improved and optimized in practical application. 

 

5. Clearance Scheme for Typical Siltation Conditions 

After the inspection by the maintenance unit or the driver's report that there are 

abnormal phenomena caused by the deposition of drainage pipes in a certain location, 

such as poor drainage, seepage, etc., after the on-site investigation by the 

maintenance personnel, it is judged whether the phenomenon is necessary for further 

maintenance or not. If the judgement is light, it is not necessary to do further 

treatment, but only appropriate. Evidence is collected and recorded, and the 

phenomenon is observed later. If the need for maintenance is judged, the pipeline 

maintenance application process will be started. After approval, the siltation section 

will be systematically analyzed to obtain the general parameters of the site, and the 

traditional and simple way will be used to deal with the first step. After treatment, the 

problem of blockage will be checked whether it has been improved or not, and if the 

situation has been alleviated, it will continue. This way of silt removal and treatment 

work, until the drainage conditions meet the requirements of use and specifications. 

If the situation can not be alleviated, further testing is needed. The pipeline inspection 

function of the dredging robot is used to carry out video and ultrasonic inspection in 

the pipeline. The structural condition of the pipeline can be judged by the inspection 

data, and whether there are structural defects in the pipeline, such as deformation, 

rupture, dislocation, etc. Then the internal defects of the pipeline are evaluated 

according to the specifications, and the statistics are calculated. Calculate pipeline 

repair index. If the repair index reaches the standard value, the defective part of the 

pipeline will be repaired locally or wholly. After repairing, the function of the drainage 

pipeline will be checked again if it meets the requirement. If it still fails to meet the 
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requirement, it will continue to use the detection function to detect the internal 

condition of the pipeline. Repeat the above process until all the abnormal conditions 

are met. So far as the solution is concerned. If the repair index is not up to the 

standard value, the function of the dredging robot is used to remove the silt in the 

pipeline. After the removal, the drainage function of the pipeline is checked and the 

above process is repeated. Finally, after the completion of the treatment, the cleaning 

work is summarized and a report is submitted to complete the treatment process. The 

typical process flow is shown in Figure 1. 
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Figure 1 Typical process flow for general condition 

 

6. Conclusion 

With more and more new tunnels being built and the service time of old tunnels being 

longer and longer, the drainage pipes of tunnels become easy to silt up under the 

influence of climate, geology and engineering factors, which eventually leads to the 

problems of drainage function of tunnels and may lead to serious accidents. In order 

to eliminate such potential safety hazards, after the phenomenon of siltation is 

discovered. The management and maintenance unit shall clean up and dredge the 

silted area according to the scheduled scheme and the specific conditions, combining 

with the traditional and latest methods of silt removal and detection, so as to ensure 

the safety of the section and prolong the service life of the tunnel. 
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