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Technology and application of
treating water inrush disasters in
underground engineering with
the method of physical detection
combined with grouting

Huangbin Jiang1,2, Chu Jiang1,2*, Di Chen1,2 and Xiang Qiu1,2

1Hunan Institute of Water Resources and Hydropower Research, Changsha, Hunan, China, 2Hunan
Dam Safety and Disease Prevention Engineering and Technology Research Centre, Changsha, Hunan,
China

The water gushing disaster in karst unfavorable geology has always been one
of the difficult problems to be solved in the engineering field. In view of
engineering problems such as water gushing in karst geology with relatively
high-water flow velocity and water seepage at the joints of the underground
diaphragm wall which is concealed, a treatment method for water gushing
disasters in karst geology based on physical detection combined with grouting is
proposed. The main steps of this method are as follows: Firstly, according to the
analysis results of engineering geological investigations, by selecting appropriate
physical detection means, accurately locate the hidden danger positions such
as underground water gushing channels and cracks. Then, based on the results
of physical detection, select appropriate grouting materials and techniques to
conduct water blocking treatment at the water gushing points and effectively
block the water gushing paths. In addition, the feasibility of the above method
has also been verified through engineering applications. For the water gushing
problem in the limestone area with extensive karst development, the electrical
method of geophysical exploration technology was adopted to clarify the karst
water gushing channels. And combined with the clay-cement paste grouting
blocking technology to block them. The results show that the water blocking
effect is obvious, and the water gushing volume has been drastically reduced
from 103,900 to 8,600 m³/d, with a reduction rate as high as 91.72%. Moreover,
for the concealed water gushing disasters at the joints of the underground
diaphragm wall, the sonar detection method was selected to explore the
positions of water gushing. Then the cement-water glass double-liquid grouting
method was used to conduct anti-seepage treatment at the water gushing
positions. An inspection of thewater gushing situation after treatment found that
the leakage phenomenon at the joints was significantly reduced. The research
results can provide certain references for the design of treatment schemes for
similar water gushing disasters in karst unfavorable geology.
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1 Introduction

Karst geology is mainly composed of caves and fissures, which
have the characteristics of high-water content in fissures, high
rock permeability, and easy collapse (Zhang et al., 2017). Along
with unpredictable groundwater flow, these special geological forms
and hydrological conditions bring many hidden dangers to the
production and construction of karst areas, especially in the process
of underground construction, which is prone towater inrush disasters
(Bai et al., 2022; Wang et al., 2017; Li et al., 2013; Lan et al., 2021),
causing serious economic losses and casualties (Zhang et al., 2022).
For example, in 2007, a major water leakage accident occurred in the
Yesanguan Tunnel of the Yiwan Railway, resulting in 52 casualties.
China has karst landforms that account for one-third of its total land
area, making it one of the countries with the widest distribution of
karst landforms in the world. When carrying out production and
construction in provinces such as Yunnan, Sichuan, Hunan, and
Guangxi inChina, it is inevitable todealwithkarst geologicalproblems
(Wang et al., 2022; Zhao et al., 2013; Qiu et al., 2023). Therefore, it is
urgent to carry out research on the treatment methods for geological
disasters caused by foundation pit water inflow in karst areas.

Currently, the treatment techniques for water inflow in karst
areas mainly include methods such as foundation pit dewatering,
grouting reinforcement, and anti-seepage treatment (Liu et al., 2022;
Lu et al., 2013; Parise et al., 2008; Zhang et al., 2019). Foundation
pit dewatering uses pumping equipment to lower the groundwater
level, thereby reducingwater inflow, and is commonly used for water
level control in the initial stage. However, precipitation methods
are often only temporary solutions and will have a certain impact
on surrounding water resources (Liu et al., 2021; Peng et al., 2020;
Wan et al., 2021). Grouting reinforcement technology, as the core
means of preventing water inflow in karst areas, uses high-pressure
grouting and other processes to seal the cracks and caves around the
foundation pit, forming a strong waterproof barrier (Ma et al., 2022;
Xu et al., 2021; Li et al., 2019). In recent years, new groutingmaterials
and processes such as micro grouting and chemical grouting have
gradually been applied, which can form effective sealing in finer
cracks and significantly improve the anti-seepage effect (Liu et al.,
2018; Gutiérrez et al., 2014; Liu et al., 2019). The anti-seepage
technology further prevents water flow into the foundation pit
area by setting up anti-seepage walls, geomembranes and other
facilities, ensuring the stability of the foundation pit (Qiu et al., 2022;
Li et al., 2024; Li X. F. et al., 2018).

The existing prevention and control technologies have to some
extent solved the problem of water inflow, but due to the limitations
of specific geological conditions on the application effects of various
technical means, the most suitable systematic construction plan still
needs to be selected according to the actual situation. For this reason,
scholars at home and abroad have begun to conduct a series of
systematic studies on the treatment of water inrush disasters under
different geological conditions (Li S. C. et al., 2018; Song et al., 2021;
Zheng et al., 2019). For example, Li et al. (2021) proposed a new type
of pipeline water spraying geological disaster treatment technology
and construction technology in karst areas, effectively solving
the karst water inrush disasters in limestone mines; Yang et al.
(2020) described the pre grouting reinforcement technology for
underwater karst areas of Changsha Xiangjiang shield tunnel,
which is a systematic grouting reinforcement technology for tunnel

excavation in underwater karst areas; Cui et al. (2015) explored
a geological hazard prevention measure for shield tunneling in
karst geology and cave karst areas, and verified the applicability
of the measure through on-site cases. There have been many
achievements in the systematic treatment of water inrush disasters
in karst areas, but due to the complexity of karst areas, there are
many special geological landforms, and the above water inrush
disaster engineering treatment schemes have poor adaptability to
these special sections.

Based on the foregoing, this study proposes a treatment
approach that combines physical detection and grouting techniques
for water inrush disasters in underground engineering projects
with diverse geological formations. Through practical engineering
applications, the suitability and effectiveness of this method
have been demonstrated, thereby establishing a foundation for
similar engineering projects and contributing to the further
enhancement and refinement of the treatment technologies
and construction methodologies for water inrush disasters in
underground engineering.

2 Water inrush situation in
underground engineering

2.1 Water inrush disasters in karst geology

A limestone mine affiliated with a certain cement production
company in Hunan, China, employs a depressed open-pit mining
approach. This limestone mine occupies an area of 327,000 m2 and
has a perimeter of 2,527 m, with a designed excavation depth of
100 m. Since 2016, a karst cave at the elevation of +27 m on the
south pit wall has experienced a sudden water inrush (designated
as water inrush point No. 1), and the daily water inrush volume has
reached 20,000 m3. As the mining depth further extends, a water
inrush occurs in a karst fracture at the +9-m platform (termed water
inrush point No. 2), and the water inrush volume exhibits a steadily
increasing tendency. By October 2018, the maximum water inrush
volume has reached 103,900 m3/d. The actual scene photographs of
the mine and the water inrush locations are presented in Figure 1.
This geological disaster has consequently led to an increment of six
million yuan in the monthly cement production cost.

2.2 Water inrush disasters at the joints of
diaphragm walls

A particular subway station in Guangxi, China, adopts a four-
story underground double-column three-span structural design,
with shield lifting shafts located at both the northern and southern
ends. The depth of the foundation pit for the main structure of the
station is 30.8 m, and that of the foundation pit at the enlarged
end is 32 m. The construction method adopted is the cut-and-
cover method.The foundation pit support system utilizes 1,200 mm
diaphragm walls and an internal support structure to guarantee
stability during the construction process. The construction site is
illustrated in Figure 2. It is worth noting that the project is located
in a karst developed area, and the surrounding high-rise buildings
are close to the station foundation pit, with a horizontal distance of
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FIGURE 1
Realistic photos of mining areas and water inflow points.

FIGURE 2
Construction site.

about 31.5 m between these buildings and the station foundation pit.
Additionally, the bottom of the section of Line 1 is situated above
the gravel layer and silty-fine sand layers. Hence, if water leakage
occurs during the foundation pit construction process, it will exert
a substantial impact on the surrounding buildings and the currently
operating Line 1.

3 Treatment method for water inrush
disasters combining physical
detection and grouting

3.1 Technical process

To begin with, preliminary investigation and analysis are of
crucial importance to guarantee the safety of construction and

the formulation of treatment measures. Subsequently, in order to
ascertain the water inrush circumstances and define the grouting
scope, it is requisite to pick out suitable and dependable physical
exploration techniques from a variety of methods. Once the actual
state of the water inrush is acquired, the coordinated grouting mode
is implemented, with appropriate grouting standards, materials and
processes being selected. Eventually, the efficacy of the method is
verified by means of core drilling, unconfined compressive strength
testing, and groundwater level monitoring.The specific procedure is
illustrated in Figure 3.

3.2 Exploration methods

To provide accurate data and a scientific basis for anti-water
inflowmeasures in the construction of karst geological water inrush
disasters, this study used electrical exploration instruments and
three-dimensional velocity vector sonar measuring instruments
as shown in Figures 4, 5 to detect geological information of
limestone mining areas and seepage at the joints of diaphragm
wall. Electrical exploration and sonar detection are commonly
used comprehensive detection techniques for dealing with
water inrush disasters in karst areas. Electrical exploration
can be used to identify large-scale geological structures and
geological disasters (such as karst caves, water-rich areas, fractured
rock layers, aquifers, etc.). Sonar detection, by emitting sound
waves and measuring echo signals, can accurately identify the
direction, velocity, and flow changes of water flow, including
revealing hidden leakage points that are difficult to detect by
other methods.

3.3 Drilling standards

Drilling operations should strictly follow China’s Code for
Engineering Geological Drilling (DZ/T0017-1991). The error
between the drilling azimuth and inclination during the drilling
process should be controlled within 2°. After the installation of
the grouting casing, cement slurry should be used for fixation,
and a hydrostatic test should be conducted after solidification.
The test pressure should reach 1.5 times or more than the
final grouting design pressure. At the same time, detailed
records should be kept of the number, specific location, and
filing status of water inrush or cave recharge runoff zones in
karst areas.

3.4 Grouting materials

The grouting materials should be selected according to
the specific engineering geological conditions. This article
selects the following two commonly used low-cost and
environmentally friendly underground water blocking and grouting
materials.

3.4.1 Clay-cement paste slurry
The clay-cement paste slurry is applicable to grouting

reinforcement projects in unfavorable geological conditions
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FIGURE 3
Technology flowchart.

FIGURE 4
Electrical exploration instruments.

such as large karst caves, dissolution fractures, fracture
zones and joint fracture development zones. Its physical
properties like fluidity, setting time and flow time can be
adjusted according to the actual situation, demonstrating strong
adaptability. The grouting method of “from bottom to top
with small-interval lifting” can be adopted for grouting, as
specifically shown in Figure 6.

3.4.2 Cement-sodium silicate two-liquid
grouting materials

The cement-sodium silicate two-liquid grouting materials
are composed of cement, sodium silicate and other admixtures.
The mass ratio of water: cement: sodium silicate is generally

FIGURE 5
Schematic diagram of three-dimensional velocity vector sonar
measuring instrument and detection principle.

1.5: 1: 0.2. The types and dosages of admixtures can also be
adjusted according to the actual grouting parameters required.
The cement-sodium silicate two-liquid grouting materials are
suitable for grouting anti-seepage projects in unfavorable geological
conditions such as filled dissolution areas and narrow and
long fractures. The grouting method of “sectional grouting
from bottom to top, hole mouth sealing and circulation
grouting inside the hole” should be adopted for grouting, as
specifically shown in Figure 7.
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FIGURE 6
Construction schematic diagram of clay cement paste from bottom to top.

FIGURE 7
Double slurry construction process diagram.

TABLE 1 Grouting parameters (Zhang et al., 2018).

Crack size Slurry diffusion radius (m) Length of grouting section (m)

Fine cracks (0.3–3 mm) >3 15∼30

Medium crack (3–6 mm) 3∼10 10∼20

Large crack (6–13 mm) 5∼15 5∼15

Broken zone (13∼500 mm) <20 5∼10

Small karst cave (0.2∼2m) 30∼50 Filling all

Large karst cave (greater than 2 m) 30∼100 —

3.5 Grouting parameters

3.5.1 Grouting of curtain
For curtain grouting, the parameters mainly include the

thickness of the curtain body (spacing, number of rows,
pressure), the anti-seepage strength of the stone body and filling
material (grout, pressure), etc. Specifically, the diffusion radius
corresponding to different fracture magnitudes, and the length of
the grouting section are presented in Table 1.

3.5.2 Grouting of karst caves
When it comes to grouting unfilled karst caves, clay-

cement paste slurry is employed for consolidation and filling
purposes (see Figure 8). In the case of grouting fully filled
and semi-filled karst caves, a relatively high grouting pressure
should be applied to ensure that the clay-cement paste slurry
can effect compacted filling of the fillings. Moreover, for
karst caves with a diameter exceeding 0.5 m or relatively
large dissolution fractures, due to the excessive absorption
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FIGURE 8
Schematic diagram of unfilled karst cave treatment.

FIGURE 9
Measures for hole filling (A) filling sand and gravel material; (B) pouring cement mortar.

FIGURE 10
Layout of reserved grouting holes for the joints of the diaphragm wall.

of grout, the treatment principle of “prior filling followed
by compaction” ought to be adhered to. Use PVC sleeves
with a diameter of 48 mm and a spacing of 4m for grouting,

and complete a supplementary survey between the two
grouting holes.

3.5.3 Special segment
3.5.3.1 Dynamic water conditions with high flow velocity

When the velocity of the underground water flow is relatively
high, the approach of constructing measure holes can be utilized
for grouting. Initially, measure holes are added approximately 1.5 m
beside the grouting holes, and the diameter of the drilled holes is
expanded to 110–150 mm. Inert materials such as sand and gravel
are first filled into the measure holes (as illustrated in Figure 9), and
subsequently, low-slump paste slurry is injected. The grouting pipe
is required to be a large-diameter one with a diameter of no less than
75 mm, and the rated pressure of the grouting pump should be no
lower than 20 MPa.

3.5.3.2 Joints of diaphragm wall
Upon the completion of karst grouting both inside and outside

the foundation pit, reserved holes should be arranged at the joints
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FIGURE 11
Geophysical exploration results of south ZK-4∼South ZK-5 drilling holes.

FIGURE 12
Schematic diagram of mine fault.

of the underground diaphragm wall, with a hole spacing of 1 m,
as depicted in Figure 10. When water inrush occurs in the upper
overburden layer, the cement-sodium silicate two-liquid grouting
materials can be used for anti-seepage and consolidation grouting.

3.6 Effectiveness check system

To assess the effectiveness of curtain grouting, it is necessary
to conduct a spot check on 10% of the total number of grouting
holes, with the number of checked holes being not less than three.
Samples should be obtained using the core drilling method in line
with the Specification for Geological Core Drilling DZ/T 0227 -
2018.The core recovery rate is required to exceed 90%. Additionally,
the unconfined compressive strength of the core samples taken 28
days after the karst cave treatment should be greater than 0.2 MPa.

4 Engineering application

4.1 Treatment of water inrush disasters in
karst geology

4.1.1 Preliminary investigation and analysis
According to existing hydrogeological data and field

investigations of limestone mining areas, it is known that there is an
ancient river channel within the working area, which is 3.5 km wide
from east to west and 4 km long from north to south. The lower
sand and gravel aquifer is in direct contact with the underlying
carbonate rock, with strong hydraulic connections and abundant
water content. At the same time, the mining area is covered with
karst water, with a karst cave rate of 66% in boreholes and an
average linear karst rate of 1.54%. Karst development is relatively
extensive, with dense karst caves. Groundwater is closely connected
to the hydraulic system of the bedrock layer, providing continuous
replenishment for sudden water disasters.

4.1.2 Electrical exploration
To accurately obtain the geological structure information of

the mining area, the geological exploration method was used to
scan the mining area, and the joint surface structure map and
resistivity scan map of the mining area were obtained. Due to space
limitations, only geological information near South ZK-4 and South
ZK-5 will be presented (see Figure 11). As shown in the figure,
there are many steeply inclined conjugate torsional joints in the
mining area, and multiple fault structures such as limestone layers
are cut by horizontal structures. As shown in Figure 12, the summary
of drilling information indicates that the mining area has formed
strong structural dissolution in the south and northwest, including
northeast trending compression torsional faults F1-1, F1-2, F1-3,
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TABLE 2 Basic information of main inlet channels.

Hole number Leakage section hole depth (m) Section top elevation (m) Section low elevation (m) Remarks

K361# 40∼60 8.27 −11.73 Fracture

K369# 35∼50 13.44 −1.56 Fracture

K373# 47∼47.5 1.67 1.17 Karst cave

K377# 25∼42 23.75 6.75 Fracture

K419# 45∼63 5.53 −12.47 Fracture

K437# 30∼50 19.42 −0.58 Fracture

K485# 40∼52 9.32 −2.68 Fracture

K489# 50∼65 −0.63 −15.63 Fracture

FIGURE 13
Photo of leakage at the water inflow point during K373# grouting.

and northwest-trending fault F2. Various karst channels and joint
fissures are interconnected, and groundwater forms a strong runoff
zone along the bedrock fissures and fault fracture zones in the south
of the mining area. At the same time, it is discharged into the mine
pit through the north, resulting in three water inflow points: South
No.1, Southwest No.2, and North No.3 (later added).

4.1.3 Treatment schemes
Based on precise geophysical information, the following

combined grouting modes are adopted for the karst development
section and nonkarst development section: the karst development
section adopts a double row hole design with a hole spacing of
3 m and a row spacing of 2.5 m; Single row holes with a spacing
of 3 m are used in nonkarst development sections; The drilling
depth is 10 m below the karst floor. The selection of slurry materials
is based on geological conditions, using clay composite slurry
with a flowability of 110 mm and clay composite slurry with a
flowability of 75 mm, ensuring good permeability and stability of
the slurry. The grouting pressure is set at 0.8–3.5 MPa to ensure
that the slurry can effectively penetrate and seal cracks and voids.

FIGURE 14
Photo of leakage at the water inflow point during K485# grouting.

In the grouting operation, low slump grout and pulsating grouting
methods are used to ensure uniform injection of grout into karst
voids and avoid uneven seepage. Slurry with higher fluidity can
quickly cover and fill larger cracks and voids, while slurry with
lower fluidity helps to form a stable sealing layer and enhance the
reinforcement effect.

After the first phase of curtain grouting treatment (with a
total of 334 grouting holes completed, curtain grouting footage of
34,272.9 m, and a total injection volume of 35,757 m3), the water
inflow within the curtain line range in the southern part of the mine
is about 5,000 m3/d, and the water inflow within the unexecuted
curtain grouting range in the northern part is about 8,000 m3/d.The
water inflow in the entire mine is about 13,000 m3/d, which is 87%
lower than the initial water inflow disaster. But after the formation
of the first curtain for a period of time, the total water inflow of the
mine gradually increased again. The possible reason for this may be
that water flows around the formed curtain body, causing seepage
and water influx from the fault fracture zone or karst development
zone in the north and northwest of themine.Through the excavation
of the F2 fault zone in the northwest by groundwater and the damage
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FIGURE 15
Comparison of the effect of core sample and limestone mining area water inflow treatment after grouting before and after grouting construction.

FIGURE 16
Flow velocity and flow distribution of sonar seepage
detection test hole.

caused by blasting to certain parts of the original curtain body, the
total water inflow of the mine gradually increases.

Based on the analysis of grouting conditions, the basic
information such as the hole numbers of the main inlet channels
has been sorted out as shown in Table 2. The boreholes in the table
all show varying degrees of grout leakage at the water inflow points
during grouting (see Figures 13, 14), suspected to be small fissure
channels or small lava pipelines, which are the main permeable
pathways outside the curtain line of the mine pit. The curtain line
from K361# to K489# is about 387 m long, indicating that the
leakage range and fissure distribution are mainly in this section,
which should be the focus of treatment.

Therefore, the second phase grouting project mainly carries out
curtain grouting treatment on the northern and western parts of
the mining area (from 0 + 808 on the west side of the curtain
line to 0 + 420 on the east side). Starting from the ZK270 hole
in the last section of the first phase curtain, it overlaps parallel
to the red line of the mining area to the original old mining
area, forming a closed curtain anti-seepage body with the curtain

of the first phase project and improving the overall stability of
the curtain. The total length of the curtain line is 864 m, with
a total of 299 grouting holes completed. The curtain grouting
footage is 26,580.7 m, and the total injected grout volume is
10,544.89 m3.

4.1.4 Effect inspection
After grouting, the single-point water pressure method is

used for construction effect inspection, and the single-point water
pressure test is carried out in accordance with Appendix A of
DL/T5148-2012.Thewater pressure test of the inspectionhole shows
that the permeability value is basically less than 3 Lu, with an average
permeability of 2.27 Lu, which meets the anti-seepage standard.
Compared with the permeability value before grouting of the pilot
hole, it has decreased by 72.0%, and the permeability of the rock
mass has significantly decreased, indicating that the permeability
conditions of the rock mass have been well improved after grouting
treatment.

Figure 15 shows the comparison of the effects of grouting on
the core sample after grouting and the treatment of water inflow
in limestone mining areas before and after grouting construction.
The slurry stone body extracted from hole J372 at 36.5 m–37.2 m
showed good integrity, and the UCS and core recovery rate
of the drilling samples met the requirements. After the sealing
construction of key water inflow channels near WK133 and
WK221 was completed, the water-blocking effect was significant,
and the subsequent water inflow in the mine remained stable at
8600 m3/d.This combined groutingmode successfully addresses the
complex geological conditions of limestone rock dissolution and
effectively improves the waterproofing and reinforcement effect of
foundation pits.

4.2 Treatment of water inrush disasters at
the joints of diaphragm walls

4.2.1 Sonar seepage detection
The sonar detection technology was adopted to detect the flow

rate and velocity distribution of the seepage test holes, and the results
are shown in Figure 16. It can be seen that the flow velocity of ZK1∼3
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FIGURE 17
Grouting construction process for water inflow treatment of diaphragm wall joints. (A) Reserved hole drilling. (B) Grouting. (C) Modified slurry. (D)
Sealing and pasting waterproof steel plate.

FIGURE 18
Construction effect of grouting treatment for water inflow at the joints of diaphragm walls.

directly facing the joint is much higher than the infiltration flow
velocity warning line (2 × 10−4 cm s−1), and the flow rate of ZK2 test
hole has reached 381 cm3 s−1.Therefore, waterproofing construction
should be carried out at the joint. Meanwhile, since the ZK1∼3 test
holes are located in the round gravel layer and silty-fine sand layers.
To ensure uniform slurry permeation in the gravel and silty-fine
sand layers, the cement-sodium silicate two-liquid groutingmaterial
can be chosen for grouting.

4.2.2 Effect inspection
The water-cement ratio of the slurry is 1:1. The mixing ratio

of the cement slurry to the mixed solution is 1:1. The mixed
solution consists of a water reducing agent, an early strength agent
and sodium silicate, and their mixing ratio is 4%: 6%: 90%. The
dilution ratio of sodium silicate is 1:3.The sleeve valve pipe grouting
process is adopted, and the grouting pressure is 0.3–0.5 MPa.During
the foundation pit excavation process, trench excavation is carried
out, and active protective water-stop steel plates are pasted at the
joints (see Figure 17).

4.2.3 Validity check
As shown in Figure 18, there are obvious signs of water

seepage in the lower layer of the diaphragm wall joint before
treatment. Long-term infiltration will erode the protective structure
of the foundation pit and soften the rock and soil mass, seriously
threatening the safety of subway station foundation pit construction.
After processing, the water flow leakage phenomenon in the figure
significantly decreased, and almost no water flow penetrated along
the joint. A strong waterproof barrier has been formed by using
grouting reinforcement and sealing materials at the joints. This
indicates that through reasonable joint treatment measures, water
seepage disasters can be effectively avoided, ensuring the safety of
foundation pit construction.

5 Conclusion

The paper presents two water inrush scenarios in underground
engineering, specifically water inrush in karst geology and water
inrush at the joints of underground diaphragm walls. To address
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these two types of water inrush disasters, a method combining
physical detection and grouting has been put forward for their
remediation. Through practical engineering applications, the
effectiveness of this method has been verified. The specific
conclusions are as follows:

The electrical detection technique can clearly identify
the distribution of underground karst caves and fractures.
Precise curtain grouting is then carried out based on the
results of physical detection. After grouting, the water
inrush volume has dropped sharply from 103,900 m3/d to
8,600 m3/d, effectively controlling the water inrush disasters in
karst geology.

The sonar detection technique can effectively detect the
distribution of flow rate and velocity at the joints of underground
diaphragm walls. Similarly, the cement-sodium silicate two-liquid
grouting method, which has good grouting permeability, is
employed for joint grouting, effectively controlling the seepage flow
at these joints.

For different water inrush situations in underground
engineering, appropriate physical detectionmethods can be selected
to accurately locate the positions of water inrush, followed by
grouting to block the water. It has been proven that this method
is highly efficient.
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