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1. Introduction 
 

The prediction method of mine inflow is mainly 

qualitative analysis. For example, analytical method and 

analogy method only consider the local characteristics of 

the mine. This does not fully reflect the reality of the mine. 

However, the traditional numerical simulation method 

regards the stratum as isotropic material, which ignores the 

actual characteristics of the simulated object. The process of 

groundwater migration to mining space presents complex 

forms such as nonlinear flow. Therefore, it is difficult to 

give a reasonable quantitative analysis model. The 

difference of prediction results between different prediction 

methods cannot reflect the actual hydrogeological situation 
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(Annaidh et al. 2013 Cheng et al. 2020, Wan et al. 2018, Du 

et al. 2009, Chen et al. 2009, Yang et al. 1995). The 

characteristics of anisotropy and heterogeneity of mine 

hydrogeology. It is difficult to be explained by simple 

analytical methods and other theoretical models. The 

numerical model has flexibility and is a calculation method 

with high prediction accuracy. However, the accuracy of 

numerical simulation method is mainly restricted by the 

rationality of simulation parameters. 

The key to predict mine inflow is to obtain numerical 

simulation parameters such as permeability of rock mass. At 

present, there are three main methods to measure the 

permeability of surrounding rock: geometric measurement, 

water pressure test and mathematical model inversion. 

However, in most engineering practice, seepage simulation 

is mainly based on equivalent porous media theory (Zeng et 

al. 2022a, Zhao et al. 2022). 

This cannot reflect the discrete characteristics of rock 

mass fractures (Wan et al. 2018, Khorasani et al. 2019, 

Euser et al. 2019). In recent years, the calculation of rock 

mass permeability based on statistical methods has been 

developed, which can more accurately reflect the anisotropy 

of rock mass permeability (Wu 1998, Morrison et al. 2019). 
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Abstract.  The permeability coefficient is an essential parameter for the study of seepage flow in fractured rock mass. This 

paper discusses the feasibility and application value of using readily available RQD (rock quality index) data to estimate mine 

water inflow and grouting quantity. Firstly, the influence of different fracture frequencies on permeability in a unit area was 

explored by combining numerical simulation and experiment, and the relationship between fracture frequencies and pressure 

and flow velocity at the monitoring point in fractured rock mass was obtained. Then, the stochastic function generation program 

was used to establish the flow analysis model in fractured rock mass to explore the relationship between flow velocity, pressure 

and analyze the universal law between fracture frequency and permeability. The concepts of fracture width and connectivity are 

introduced to modify the permeability calculation formula and grouting formula. Finally, based on the on-site grouting water 

control example, the rock mass quality index is used to estimate the mine water inflow and the grouting quantity. The results 

show that it is feasible to estimate the fracture frequency and then calculate the permeability coefficient by RQD. The 

relationship between fracture frequency and RQD is in accordance with exponential function, and the relationship between 

structure surface frequency and permeability is also in accordance with exponential function. The calculation results are in good 

agreement with the field monitoring results, which verifies the rationality of the calculation method. The relationship between 

the rock mass RQD index and the rock mass permeability established in this paper can be used to invert the mechanical 

parameters of the rock mass or to judge the permeability and safety of the rock mass by using the mechanical parameters of the 

rock mass, which is of great significance to the prediction of mine water inflow and the safety evaluation of water inrush disaster 

management. 
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Deere proposed the concept of rock quality Designation 

(RQD) based on drilled cores (Deere 1963). It is defined as 

the percentage of the length of a cylindrical core greater 

than 10 cm to the current footage. In the application of rock 

mechanics, RQD is a common index to reflect the integrity 

of rock mass (Wan et al. 2022, Zeng et al. 2022b). It has 

been widely used in engineering rock mass quality 

evaluation and rock mass property classification (Chen et 

al. 2005, Guo et al. 2017, Jha et al. 2014, Munoz et al. 

2016, Cai et al. 2022, Zhou et al. 2020). Studies on 

permeability of rock mass show that the relationship 

between permeability coefficient and RQD satisfies an 

exponential function (Lin 2010, Karatela et al. 2018, 

Mottahedi et al. 2019). The permeability coefficient can be 

obtained by borehole water pressure test (Zhao et al. 2018). 

However, this kind of test is expensive and difficult to 

reflect local characteristics. Finally, only generalized model 

parameters can be obtained. Accurate calculation of 

permeability coefficient is very important for the accuracy 

of numerical simulation. How to accurately and 

conveniently calculate the permeability coefficient of rock 

mass can guide the field production, which has important 

practical significance. The number, opening and direction of 

structural planes (or cracks) in rock mass reflect the 

integrity of rock mass. At the same time, it has an important 

influence on the permeability of rock mass. In the study of 

the correlation between rock mass quality index and rock 

permeability, domestic and foreign researchers have 

actively explored. It has obtained more beneficial 

characteristics and laws. Jiang et al. (Jiang et al. 2009, 

Sweetenham et al. 2017) explored the relationship between 

burial depth and permeability. With the increase of depth, 

the mean value of RQD increases gradually, while the mean 

value of permeability coefficient decreases and has a good 

correlation. Liu et al. (Liu et al. 2007, Wan et al. 2018) 

explored the relationship between fractal dimension of 

structural plane distribution in rock mass and rock mass 

quality grade. They put forward a scheme of rock mass 

quality evaluation based on fractal dimension of rock 

discontinuities distribution. The relationship between rock 

mass fracture frequency and rock mass quality index is 

established. Zhang et al. (zhang et al. 2005, Ibishi et al. 

2022, Kim et al. 2018) corrected some deficiencies of 

fractal dimension in evaluating rock quality index RQD. 

They put forward the quantitative evaluation index of rock 

mass quality. In this paper, a two-dimensional discrete 

fracture network generation program is written. Combined 

with the boundary element method, the secondary 

development is carried out and the water inflow of roadway 

is calculated, which provides a feasible calculation method 

for the prediction of water inflow of mine pit.  

Based on the finite element numerical simulation, the 

discrete fracture network of rock mass permeability is 

directly reflected by the correlation between rock mass 

quality index and rock mass permeability. A numerical 

simulation method for daily water inflow prediction and 

grouting process prediction is presented. In this paper, 

fracture frequency is expressed as the number of fractures 

contained in the rock core per unit drilling length which is 

generally 2 meters. Firstly, the influence of different 

orthogonal fracture frequencies on permeability in unit area 

is monitored. In the process of fracture seepage, the 

relationship between fracture frequency, pressure and flow 

rate of monitoring point is explored. Then, the random 

crack generation program is applied to establish a two-

dimensional crack numerical model. The function relation 

between flow velocity and pressure in fractured rock mass 

is obtained. Finally, based on the field grouting engineering 

example, the mine grouting quantity is estimated by using 

the rock mass quality index. The results show that RQD can 

estimate the change of permeability coefficient before and 

after coal mining. The quantitative relationship between 

RQD, structural frequency and permeability was obtained. 

Rock mechanics parameters can be used to judge the 

permeability and safety of rock mass. The research results 

are great significant to the prediction of mine water inflow, 

water inrush disaster control and safety evaluation. It should 

be pointed out that, the calculation method of water inflow 

in this paper must satisfy that there cannot be centralized 

seepage channels. The rock mass as a whole is micro-

fracture, and the correlation between RQD and water 

pressure and seepage parameters can only exist in rock 

mass that can be described by RQD. 

In this paper, fracture frequency is expressed as the 

number of fractures contained in the rock core per unit 

drilling length which is generally 2 meters. 

 

 
2. Seepage experiment and simulation analysis of 
fractured rock mass 

 

2.1 Relationship between fracture frequency and flow 
velocity 

 

In 1978, the Laboratory of the International Society for 

Rock Mechanics suggested that 10 parameters (Wei et al. 

2005, Yamada et al. 1968, Komurlu et al. 2016, Lawal et al. 

2022, Li et al. 2017), such as discontinuities of 

discontinuities, discontinuities, surface roughness, relief, 

filling and fracture group number, should be used to 

describe the discontinuities of rock masses. These 

parameters describe the geometrical and structural 

characteristics of fracture distribution in rock mass (Lv et 

al. 2019, Ghyasvand et al. 2022, Mahmoodzadeh et al. 

2022, Samanta et al. 2018). It is important for quantitative 

analysis of rock mass structure. For the calculation of 

permeability tensor of underground rock mass, fracture 

occurrence affects the dominant permeability direction of 

fractured rock mass. The spacing and width of cracks and 

filling conditions control the permeability of rock mass, and 

roughness and relief also have an important influence on the 

permeability of rock mass (Wei et al. 2005, Deere 1963, 

Zhao et al. 2020, Zhao et al. 2019, Varun et al. 2017). The 

in-situ drilling results show that there are a large number of 

primary fractures in rock mass, which affect the strength 

and dominant permeability direction of rock mass. The 

cores obtained from field sampling are shown in Fig. 1.  

In order to study the quantitative relationship between 

the number of fractures in rock mass and the permeability 

of rock mass, orthogonal fracture network models with  
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Fig. 1 Core fracture distribution diagram 

 

 

different number of fractures were firstly constructed by 

numerical simulation (Fig. 2, Fig. 3 and Fig. 4). The 

seepage law and influencing factors in fracture network 

model are analyzed. As for the test, rock samples with 

different vertical fracture frequencies were made (Fig. 3). 

The seepage experiment of fractured rock mass is carried 

out on a triaxial seepage coupling experiment machine. The 

relationship between fracture frequency and permeability 

was investigated. The main research object is vertical 

fracture. The fissure openings are 1×10-4 m. The model size 

is 100×100×200 mm. The number of vertical cracks is 1, 3,  

 

 

 

7 and 9, respectively. The crack opening is controlled by the 

thickness of stainless steel gasket. Experimental boundary 

conditions and samples are shown in Fig. 3. According to 

the basic assumption of fluid-structure coupling analysis, it 

is assumed that the rock block is impervious to water, and 

the seepage in rock mass is only through cracks. The 

relationship between normal stress and fracture surface 

deformation and water conductivity is considered. The 

fluid-structure coupling cross iteration method is used. A 

numerical model for coupled seepage and stress analysis of 

orthogonal fractured rock mass is established. Matlab 

software is used to write crack generation program. 

Combined with Comsol Multiphysics numerical analysis 

software, the block stress, seepage and rock fracture 

distribution analysis modules are integrated together. 

Numerical analysis models with different fracture 

frequencies were established to explore the relationship 

between fracture frequency and permeability. The 

parameters of model size and crack opening are the same as 

those of physical experiment. At the same time, the number 

of transverse fractures was increased to explore the effect of 

vertical fractures on permeability. Fig. 4 shows the 

simulation diagram of model water pressure distribution 

under the influence of different orthogonal fracture 

frequencies.  

It can be seen from the experimental results and  

 

 

 

 

   

 

 (a) The fracture frequency is 1 (b) The fracture frequency is 3 (c) The fracture frequency is 7  

Fig. 2 Schematic diagram of specimens with different crack frequencies 

 

  

 

Fig. 3 Experimental boundary conditions and samples 

Fracture Fracture Fracture

Fracture

Rock 
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Fig. 5 Experimental results and numerical simulation 

results of seepage velocity at different fracture frequencies 

 

 

simulation results of seepage velocity with different fracture 

frequencies (Fig. 5) that under the same pressure gradient, 

when the fracture frequency is small and the seepage 

velocity is low (<3 cm/s in the figure), the flow law of fluid 

in the fracture network is close to the linear state, that is, 

approximately follows the linear seepage law. However, as 

the seepage velocity increases, the seepage curve gradually 

bends toward the horizontal axis (the fracture frequency 

axis), presenting obvious nonlinear seepage characteristics 

(Fig. 5). The numerical simulation results of orthogonal 

fracture network show that when the number of fractures is 

the same in the transverse direction (perpendicular to the 

direction of seepage), the more fractures in the vertical 

direction (parallel to the direction of seepage), the greater 

 

 

the seepage velocity of the model, and the influence of 

fracture growth perpendicular to the direction of seepage is 

little.  

With the increase of fracture frequency, the mean value 

of seepage velocity increases gradually, and the seepage 

curve curves to the horizontal axis (fracture frequency axis). 

It also presents obvious nonlinear seepage characteristics. 

The experimental results show that the relationship between 

seepage velocity and fracture frequency is an exponential 

function, which is the same as the result obtained in this 

paper (Lu et al. 2010, Vaziri et al. 2022, Xue et al. 2020). 

The results show that the numerical simulation method 

considering fracture frequency can be used to predict 

seepage velocity and seepage flow in fractured rock mass.  

 

2.2 Relationship between fracture frequency and 
seepage flow rate 

 

In nature, fractures in rock mass are distributed 

randomly and fluid flows mainly in fracture networks. 

Currently, Monte-Carlo method is recognized as a relatively 

accurate random statistical method for constructing random 

fracture network (Cheng et al. 2020, Wan et al. 2018, Zhou 

et al. 2020). In this paper, monte Carlo method and linear 

congruence method are used to generate random fracture 

networks, which establishes the finite element numerical 

model of random fractured rock mass.  

{

𝑥𝑛+1 = (𝑎𝑥𝑛 + 𝑐) × (𝑚𝑜𝑑𝑀)

𝑟𝑛 =
𝑥𝑛

𝑚
𝑥0

                    (1) 
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 (a) The fracture frequency is 0 (b) the fracture frequency is 4 

 

  
 (c) the fracture frequency is 9 (d) the fracture frequency is 14 

Fig. 4 Simulation diagram of water pressure distribution of the model with different crack frequencies 
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Fig. 6 Generating flow chart of discrete crack network 

 

 

Where, mod M means mod to modulus. a is the 

coefficient. c is delta. 𝑥0  is set to the initial value. 𝑟𝑛  is a 

random number within [0,1].  

The opening degree of cracks follows lognormal 

distribution (Cheng et al. 2020, Wan et al. 2018) 

𝐹(𝑥) = ∫ 𝑓(𝑡)
𝑥

−∞
𝑑𝑡 =

1

𝜎√2𝜋
∫ 𝑒

1

2
𝑥

−∞
(
𝑡−𝑡−2

𝜎
) 𝑑𝑡        (2) 

The normal random function generated is: 

𝑥 = 𝜇𝑥 + 𝜎𝑥 ∙ √−2 ln(𝑟𝑎𝑛𝑑) ∙ cos⁡(2𝜋 ∙ 𝑟𝑎𝑛𝑑)        (3) 

Where, the value of x is a random number that follows 

normal distribution. rand is a random number distributed by 

an interval uniform function (Wan et al. 2018, Du et al. 

2009, Priest et al. 1967).  

Based on the basic theory of Monte-Carlo method,  

 

 

MATLAB software was used to set the types of distribution 

functions obeyed by each fracture (Wan et al. 2018). 

Random geometrical parameters are generated in rock 

fracture networks. For example, the location, size and 

direction of the fractures in the study area. The specific 

process of computer generated program of discrete fracture 

network is as follows. First, a global coordinate system is 

defined and the computational domain size is determined. 

Second, the number of cracks N in the network model is 

given. The location and trace length of each fracture are 

determined by random function. Third, the fractures of all 

groups are stored in a matrix simultaneously. According to 

the above steps to determine the end coordinates of all 

groups of cracks. The random discrete fracture network 

model in rock mass is generated by executing the drawing 

command in MATLAB, and the execution process is shown 

in Fig. 6. In order to ensure the consistency of seepage 

outlet and the rationality of calculation results, the same 

fracture length is selected as the flow outlet.  

The fitting coefficients of different fracture frequencies 

and pressures are shown in Table 1. The fitting function 

formula is 

𝑃 = 𝐴1× exp (−
λ

𝑡1
) + 𝑃0                       (4) 

Where, P is the water pressure. λ is the number of 

fractures per unit area (fracture frequency for short). P0, A1 

and t1 are fitting parameters. See Table 1 for specific values.  

The distribution of model water pressure under the 

influence of different random fracture frequencies is shown 

in Fig. 8. With the increase of fracture frequency, the  

 

 

Determine the computational domain size

The geometric law statistics of crack distribution

Fracture geometry information stored in a matrix simultaneously

Vectorization of fracture geometry information

Determine the end coordinates of the fissure

Generate 2D discrete fracture network model

 

  

 

 
 (a) Fracture frequency is 10 (b) Fracture frequency is 30 

 

  
 (c) The fracture frequency is 70 (d) The fracture frequency is 110 

Fig. 7 Water pressure distribution with different crack frequencies 
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Table 1 Fitting coefficient of crack frequency and pressure 

Coefficient 

Frequency 
A1 t1 P0 Degree of fitting 

10 4.1 34.7 10733 0.992 

30 1.15 28.7 16485 0.996 

70 1.38 17.46 14152 0.993 

110 1.36 14.92 14637 0.990 
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Fig. 8 Relationship between crack frequency and pressure 

 

 
Crack frequency 

Fig. 9 Relationship between crack frequency and RQD 

 

 

average seepage velocity gradually increases, the seepage 

curve gradually bends to the fracture frequency axis, and 

the pore pressure decreases rapidly in an exponential 

function relationship. This presents nonlinear seepage 

characteristics (Jiang et al. 2009). The variation relationship 

between fracture frequency and pressure is shown in 

Formula 4. 

 

2.3 Relationship between RQD and fracture 
frequency 

 

In general, it is difficult to directly measure the fracture 

density of rock mass. However, the density (frequency) and 

the opening value of the fracture can be calculated by the 

RQD value obtained during drilling. The frequency of 

fractures in rock mass can be obtained according to the 

relationship between RQD and discontinuity frequency 

established by Priest and Hudson (PRIEST et al. 1976, 

Hudson et al. 1997). The relationship between fracture 

frequency and RQD is shown in Formula 5 and Fig. 9 

𝑅𝑄𝐷 = 100(1 + 0.1𝜆)𝑒−0.1𝜆                      (5) 

 

Fig. 10 Relationship between fracture interval and 

drilling depth 

 

 

Field statistics show that the lower limit of the average 

crack opening is 10-3 mm, which is similar. Scholars at 

home and abroad have systematically studied the 

distribution of crack opening degree. Zhou et al. (1998) 

conducted compression tests of granite with through-

through joints. They determined that the mean mechanical 

opening of the fissure was 75 μm. The study of Berbsky et 

al. proves that the fluid movement in the fracture still 

conforms to Darcy’s linear law when the fracture opening is 

smaller (<0.25 μm). Therefore, the permeability tensor is 

calculated by measuring the average gap width value. For 

tensile joints, the gap width decreases rapidly with 

increasing depth due to the influence of gravity field, and 

the opening of shear joints changes little with increasing 

depth. The gap width can be considered constant. The 

results show that the rock mass vertical stress is the 

maximum principal stress at 400-600 m. At this point, 

tensile joints and shear joints can be approximately 

regarded as the same gap width (Zhou et al. 1998). 

In hydraulics, the equivalent hydraulic gap width (e) is 

generally used to calculate the permeability tensor. The 

calculation formula is 

𝑒 =
𝐸2

𝐽𝑅𝐶2.5
                                       (6) 

Where, E is the average width of crack. JRC is the 

surface roughness of the crack, ranging from 0 to 20.  

Suppose the hole depth is h. The drilling circulating 

footage length is l. The feed footage of each cycle is unit 

length and the number of cracks in unit length is λ. The 

dominant direction of fracture dip Angle is α. The average 

spacing between cracks per unit length along the direction 

of drilling is 

𝑑 =
𝑙

𝜆
                                        (7) 

The true spacing is 

𝐷 =
𝑙cos𝛼

𝜆
                                     (8) 

In fractured media, the spatial structure of fracture 

network determines the permeability of the medium. It is 

generally believed that the superposition of permeability of 

rock mass can obtain the calculation formula of 

permeability tensor of fractured rock mass (Zhou et al. 

2004, Wang et al. 2006) 
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𝐾 = ∑ 𝐾𝑖
𝑛
𝑖=1 =∑ 𝐾𝑒𝑖

𝑛
𝑖=1 ∙ 𝑎(𝛽𝑖 , 𝛾𝑖)                       (9) 

Where 

𝑎(𝛽𝑖 , 𝛾𝑖) = 

[

1 − cos2𝛽𝑖sin
2𝛾𝑖 −sin𝛽𝑖cos𝛽𝑖sin

2𝛾𝑖 −cos𝛽𝑖sin𝛾𝑖cos𝛾𝑖
−sin𝛽𝑖cos𝛽𝑖sin

2𝛾𝑖 1 − sin2𝛽𝑖sin
2𝛾𝑖 −sin𝛽𝑖sin𝛾𝑖cos𝛾𝑖

−cos𝛽𝑖sin𝛾𝑖cos𝛾𝑖 −sin𝛽𝑖sin𝛾𝑖cos𝛾𝑖 1 − cos2𝛾𝑖

]  

𝐾𝑒𝑖 =
𝑔𝑒3

12𝑣𝑤𝐷
                                (10) 

Where, Ki represents the permeability tensor of group i 

fissure. 𝛾𝑖  represents the tendency of group i fissure. 𝛾𝑖 
represents the dip Angle of group i fissure. vw is the 

kinematic viscosity of the fluid. g is the acceleration of 

gravity.  

Through the eigenvalue and eigenvector of K, the 

principal value (K1, K2, K3) of the permeability tensor of 

fractured rock mass and the principal direction of the 

permeability tensor can be obtained. Generally, the 

geometric average of the three principal values of the 

permeability coefficient is taken as the comprehensive 

permeability coefficient k0 

𝑘0 = √𝐾1𝐾2𝐾3
3

                             (11) 

 

 

3. Estimated water inflow of fractured rock mass 
 

In order to verify the rationality of using RQD 

parameters to predict mine water inflow, this paper carries 

out numerical simulation analysis and verification against 

the background of water inflow change in a mine in 

Feicheng. The mine working face is 203 m long, 83 m long,  

 

 

 

Fig. 11 Calculation model diagram 

 

 

mining depth is 144 m, coal seam dip Angle is 10°. The 

working face is located in a water-rich area with karst 

fissures. The direct aquifer is xujiazhuang limestone of 

Benxi Formation, with a thickness of 12.24 m and a water 

level of +56 m. It is only about 12.5 m away from The 

Ordovician Limestone and closely related to the ordovician 

limestone hydraulic power. The Ordovician Limestone 

aquifer has a thickness of about 800 m and is rich in water. 

It is the main recharge water source of the Ordovician 

Limestone. The numerical model established according to 

geological conditions is shown in Fig. 11. The waterproof 

layer from coal floor to wuhui (aquifer) is mainly clay rock 

and siltstone, and the thickness of the waterproof layer is 

about 16.5 m. The working face is in limestone runoff zone. 

Under the influence of coal floor damage caused by coal 

mining, the risk of floor water inrush is high and the 

probability of floor water inrush is greater than 95%.  

 

 

Aquifer

Aquicludes
Fault

Overlying Strata

  
(a) Stope water pressure distribution when RQD value is 80 (b) Stope water pressure distribution when RQD value is 60 

  

(c) Stope water pressure distribution when RQD value is 30 (d) Stope water pressure distribution when RQD value is 10 

Fig. 12 Characteristics of pore water pressure distribution in mining floor with different RQD values 
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Fig. 12 shows the distribution characteristics of stope 

pore water pressure when RQD value of floor rock mass is 

80, 60, 30 and 10, respectively. Fig. 13 shows the seepage 

velocity distribution characteristics of pore water when 

RQD value of floor rock mass is 80, 60, 30 and 10, 

respectively. As the RQD value gradually decreases, the 

seepage velocity gradually increases. It can be seen from 

the figure that the stress distribution state of the original 

rock is destroyed by the influence of mining, and the 

permeability of the rock mass changes. This affects the flow 

path and flow state of the aquifer and creates a pressure 

relief zone near the working face. 

With the decrease of rock mass RQD value, the 

frequency of fracture surface in rock mass increases, the 

rock mass is more broken, and the water inflow in goaf 

increases. Therefore, the pore water pressure in stope also 

decreases. The change process is the same as that of 

hydraulic pressure monitoring in actual mining. With the 

increase of the overall RQD index of mine rock mass, the 

mine water inflow increases rapidly. This indicates that the 

more broken rock mass, the greater the daily mine water 

inflow value. When RQD value tends to 100, mine inflow 

tends to 0. This indicates that when the rock mass is not 

damaged, the mine water inflow is small.  

The data of water gushing in the first mining face of the 

mine are analyzed, and the statistical results are shown in 

Fig. 14. With the development of mining, the mine water 

inflow gradually increases, and the maximum water inflow 

of working face is basically kept at 600 m3/h. Table 2 shows 

the statistical results of rock mass RQD quality index in the 

treatment process of Ordovician limestone water. As can be 

seen from the table, the average RQD of limestone rock 

 

 

Fig. 14 Statistical duration curve of water inflow on 201 

first mining face of a mine in in a feicheng 

 

Table 2 RQD statistics of drilling hole on the 201 first 

mining face of lower coal group in a feicheng mine 

Olympic ash 

grouting hole 

number 

RQD 

Shale rock 

group 

Sandstone rock 

group 

Limestone rock 

group 

Hole 1 0.45 0.66 0.72 

Hole 2 0.44 0.55 0.88 

Hole 3 0.38 0.57 0.82 

Hole 4 0.40 0.62 0.85 

Hole 5 0.46 0.63 0.93 

Hole 6 0.35 0.56 0.80 

Hole 7 0.38 0.44 0.83 

Hole 8 0.44 0.56 0.79 

Hole 9 0.47 0.65 0.82 

Hole 10 0.33 0.63 0.90 
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(a) Water seepage velocity distribution when RQD value is 80 (b) Water seepage velocity distribution when RQD value is 60 

  
(c) Water seepage velocity distribution when RQD value is 30 (d) Water seepage velocity distribution when RQD value is 10 

Fig. 13 Seepage velocity distribution in mining floor with different RQD values 
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Fig. 15 changes of RQD values of different rock masses 

in water inrush and daily water inflow 

 

 

mass is about 80%. The simulated inflow of working face is 

about 550 m3/h (Fig. 15). This is basically consistent with 

the monitoring results.  

In the actual exploration process, the distribution 

characteristics of fractures in boreholes are analyzed. It can 

be used to calculate water inflow by the method and 

procedure presented in this paper. In the prediction of mine 

water inflow, the calculation domain can be determined by  

 

 

 

grasping the law of crack development and the dimension 

of exploiting space. This generates a two-dimensional 

fracture network model of the open space section. The 

numerical model can be loaded by detecting the boundary 

water head value of the model, and the expected water 

inflow of blocks represented by different RQD values can 

be calculated. The water inflow of the mine was determined 

by calculating RQD value, and the parameters of fracture 

connectivity and water conductivity were corrected by 

hydrogeological test. This is used for inflow analysis 

calculations to save time and investment. Of course, the 

calculation method of water inflow in this paper must 

satisfy that there cannot be centralized seepage channels. 

The rock mass as a whole is micro-fractured and can be 

described by RQD, so only RQD can exist the correlation 

between RQD and water pressure and seepage parameters. 

As shown in Fig. 16, confined water affected by faults is 

mainly affected by fault water diversion, and changes in 

rock mass RQD value have little influence on mine water 

intrusion. At this point, the calculation should be based on 

fault inflow, which is consistent with the actual situation. 

 

 

4. Research on grouting quantity prediction based 
on RQD index  
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(a) Sketch of borehole and fissure grouting body 
(b) Sketch diagram of fracture network and diffusion 

radius of grouting section 

Fig. 17 Schematic diagram of grouting in borehole and fissure 

 
 

(a) Stope water pressure distribution when RQD value is 80 

under the influence of faults 

(b) Changes of water inrush and daily water inflow with 

RQD values of different rock masses 

Fig. 16 Distribution characteristics of pore water pressure in stope under the influence of faults 
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4.1 Simplified methods of different fracture direction 
vectors  

 

RQD has magnitude and direction. However, the RQD 

obtained in vertical drilling can be applied to other 

calculation directions by transformation. This can 

approximately obtain the upper and lower limits of the total 

permeability coefficient and be applied to the prediction and 

forecast of mine water inflow (Yin et al. 2011, Cai et al. 

2020, He et al. 2019). Based on the isotropy hypothesis of 

rock mass, the total volume within the diffusion range of 

grouting remains unchanged for the convenience of 

quantitative research. The mean width b and the 

connectivity coefficient η of the crack are introduced. It 

modifies the permeability calculation formula (LEUNG et 

al. 2012, Zhang et al. 2020), and the schematic diagram of 

borehole and fissure grouting is shown in Fig. 16. Based on 

the above assumptions, this paper establishes the 

relationship between the number of fractures and the 

amount of grouting in fractured rock mass.  

 

4.2 Grouting quantity forecast 
 

When the fracture direction is horizontal and vertical, 

the slurry diffusion radius is set as R, and the grouting 

length is set as L. The average width of the fissure 

monitored by probing boreholes is T. The cyclic footage is 

l1. The frequency of cracks in the circulation is λ. The 

coefficient of fracture connectivity is η which is shown in 

Fig. 17. 

According to the geometrical relation, it is assumed that 

the grouting diffusion range is cylindrical. Then the overall 

volume of fractures in the horizontal direction is 

𝑇1 = 𝜋𝑟2𝑡1
𝐿

𝑙1
𝜆1                              (12) 

The vertical drilling direction is assumed to be a and B, 

respectively. According to geometric relations, the total 

volume of fractures in vertical drilling direction is 

approximately 

𝑇2 =
𝜋𝑟2

𝑎∙𝑏
a𝑡2

𝐿

𝑙2
𝜆2 +

𝜋𝑟2

𝑎∙𝑏
a𝑡3

𝐿

𝑙3
𝜆3                   (13) 

Where 

𝑎 =
𝑙

𝜆2
, 𝑏 =

𝑙

𝜆3
  

𝑄 = （𝑇1 + 𝑇2)η                            (14) 

RQD can be used to calculate the number of cracks and 

obtain the permeability coefficient parameter represented by 

RQD.  

The above special cases with horizontal and vertical 

fractures were analyzed and the calculation method of 

grouting quantity was obtained. When the dominant water 

conduction direction of the fracture is at a certain Angle 

with the horizontal and vertical directions, the calculation 

can be carried out by referring to the solution method of the 

permeability tensor of the fractured rock mass. At this point, 

the formula is modified as:  

Overall volume of fractures in the horizontal direction 

𝑇1𝛼 = 𝜋𝑟2𝑡1
𝐿

𝑙1
𝜆1/cos𝛼                       (15) 

Table 3 Field grouting statistics and calculation results of 

average crack width 

Hole 

No. 

Length 

L/m 

Final pressure 

(MPa) 

Average gap 

width/m×10-5 

Total plasma 

quantity Q/t 

D3-0 766.98 10.5 3.59 1020 

D3-1 361.23 12.0 8.81 570 

D3-2 501.79 12.5 1.15 1415 

D3-3 594.46 13.0 4.57 785 

D3-4 636.02 13.0 3.77 740 

D3-7 357.66 13.0 5.52 350 

D3-5 696 13.0 7.14 1675 

D3-6 761.12 13.0 1.24 3460 

D10-0 488.45 9.5 2.92 3405 

D10-6 586.04 13.0 1.91 3190 

D10-4 485.74 10.5 1.08 12450 

D10-5 525.52 7.5 7.85 10570 

D10-3 539.67 7.5 5.64 7995 

D10-2 462.29 7.5 5.33 5575 

 

 

The total volume of fractures in the vertical direction 

𝑇2𝛽𝛾 =
𝜋𝑟2

𝑎∙𝑏
a𝑡2

𝐿

𝑙2
𝜆2/cos𝛽 +

𝜋𝑟2

𝑎∙𝑏
a𝑡3

𝐿

𝑙3
𝜆3/cos𝛾       (16) 

Where, α, β and γ are fracture strike, dip and dip Angle 

respectively. When the fracture permeability tensor obtained 

by cyclic footage varies greatly, more accurate data can be 

obtained by grouping calculation.  

 

4.3 Prediction results and analysis 
 

Taking the grouting example of D3 and D10 holes in a 

coal mine for verification, the RQD of the grouting section 

is 60, and the return footage is 2 m. According to the 

formula 5, the frequency of fractures is 14, that is, there are 

14 fractures within 2 meters of cyclic penetration. If the 

grouting radius is 40 meters, the average crack width can be 

calculated according to the formula, as shown in Table 3. In 

practice, it is only necessary to measure the average fissure 

opening of boreholes. It can be applied to the prediction of 

grouting quantity. The difference between the calculated 

grouting amount and the on-site grouting amount is less 

than 10%, indicating that the theoretical calculation method 

of grouting amount is reasonable to a certain extent. 

 

 

5. Conclusions 
 

1) Based on the characteristics of rock mass quality 

index, seepage experiments with different frequency of 

longitudinal fractures were carried out. A numerical 

model of orthogonal fracture network was established to 

obtain the exponential relationship between fracture 

frequency and seepage velocity.  

(2) The basic principle of Monte-Carlo method is 

applied. The random crack generation program was 

written by MATLAB and imported into the interface 

with Comsol Multiphysics to generate the numerical 

calculation model of fractured rock mass. On this basis, 

the simulation research of different random fracture 

512



 

Application of rock mass index in the prediction of mine water inrush and grouting quantity 

 

frequency is carried out. The study shows that the 

relationship between fracture frequency and pressure 

conforms to exponential function. The RQD index 

combined with fracture frequency can be used to predict 

water inflow.  

(3) Based on the case of on-site grouting water control 

project, rock mass quality index is used to estimate the 

amount of mine grouting. A new grouting quantity 

prediction method considering fracture opening and 

fracture connectivity is proposed. In practical 

engineering, the average crack opening of borehole is 

measured. It can be used to predict the amount of 

grouting. The research results are great significant to the 

prediction of mine water inflow and safety evaluation of 

water inrush disaster management. 

 

 

Expectation 
 

(1) Due to the relatively small amount of data from in-

situ drilling water injection test, this paper uses the 

width of borehole core fissure to calculate the grouting 

amount. In the later work, the relationship between 

crack width and grouting quantity should be further 

verified.  

(2) Limited to laboratory conditions, this paper only 

carried out an experimental study on orthogonal 

fractures. This verifies the rationality of the numerical 

simulation. In the follow-up work, experiments on 

oblique fractures and fractures of different frequencies 

will be carried out. Compared with numerical 

simulation, it provides further validation for numerical 

simulation.  
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