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Abstract. In simulation of fractured rock mass such as mechanical calculation, hydraulic 

calculation or coupled hydro-mechanical calculation, the representative element volume of 

fractured rock mass in the simulating code is very important and give the success of 

simulation works. The difficulties of how to make a representative element volume are come 

from the numerous fractures distributed in different orientation, length, location of the actual 

fracture network. Based on study of fracture characteristics of some fractured sites in the 

world, the paper presented some main items concerning to the fracture properties. A 

methodology of re-generating a representative element volume of fractured rock mass by 

DEAL.II code was presented in this paper. Finally, some applications were introduced to 

highlight the performance as well as efficiency of this methodology. 
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1. INTRODUCTION  

In simulation of fractured rock mass, the re-generation of discrete fracture network 

(DFN) is challenged in case the numerous fractures are distributed in different orientation, 

length and location. An example of complicated fractures illustrated in the Fig. 1 in which 

fractures can be found on the whole range of scales [1-3]. The understanding and modeling of 

fracture impacts such as strength, deformation, permeability and anisotropy to the mechanical 

properties of highly disordered material are complicated [4]. A plenty of engineering 
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applications such as the extraction of hydrocarbons, the production of geothermal energy, the 

remediation of contaminated groundwater, and the geological disposal of radioactive waste 

related to the presence of fracture on rock masses [5]. One of the main key issues of fractured 

rock mass is how to characterize and represent the geometry of fractures in three-dimensional 

(3D) discontinuity systems based on limited information from field measurements, [6, 7]. 

Fracture characteristics are usually taken from lower-dimensional observations with  

parameters of density, trace lengths, orientation, spacing, and frequency. DFN in 2D or 3D 

can be created stochastically and can be generated by conducting Monte Carlo simulations 

[8]. 

 

Figure 1. Fractures occur on different scales. 

 
a)  

 
b)  

Figure 2. sample with dead-end and isolated fractures (a),                                                                            

sample without dead-end and isolated fractures (b). 

Generally, natural fracture systems comprise a network of conductive fracture segments, 

which at both endpoints connect to either the conductive network or to the domain boundary, 

and a number of non-conductive fracture segments, which connect only at one end-point (see 

Fig.2). We referred to these non-conductive segments as "dead-ends" [9]. In the simulation 

works, dead-ends make the more complicated code. That is reason in some cases that dead-

ends is ignored [10, 11]. In addition, as mentioned in the literature [10-13], the representative 

element volume (REV) of fractured rock in many contributions mainly is existed and is 
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determined. The REV in this paper is prepared for two both cases: sample with dead-ends and 

sample without dead-ends for varied purposes of further simulations. 

The structure of this paper is organized as follows. Following this introduction, the 

characteristics of fractured rock is outlined. After that, the proposed methodology of re-

generation of REV is detailed. The implementation of this methodology in the open source 

code DEAL.II [14, 15] is used to do for actual Sellafield site [10-13] in order to highlight the 

performance and efficiency of this methodology. Finally, the paper will be finished with some 

conclusions. 

2. CHARACTERISTICS OF FRACTURED ROCK 

In this part, we summarized some main characteristics of fracture network taken from 

some sites. All necessary data of  fractures such as length, orientation, location as well as 

fractures’ aperture will be considered as the input data for the generation of the DFN in the 

methodology.  

2.1. Fracture trace lengths 

As studies in literature, a power-law can use to distribute fracture lengths as following 

equation [10-13]  

 
D

F LCN −= .                                        (1) 

 

where NF is the number of fractures per unit area which has fracture length greater than the 

length L; C is the constant density and D is the fractal dimension.  

Number of fracture in a range of fracture length (La, Lb) can be taken using Eq. (1) as below: 
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The parameters C and D are depending on the intensity of fractures.  

2.2. Orientations of fractures 

The orientations of fractures almost follow a Fisher distribution as the result of some 

previous studies [10-13]. The probability of the fracture within the direction angle  is 

calculated as follow [14]:   
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where K is the Fisher constant for each fracture.  

2.3. Location of the fractures 

A Poisson distribution has been largely applied for the fracture midpoints [10-13]. The 

locations of fracture centers are generated by generating random numbers based on a 

recursive algorithm.  
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The midpoint coordinates (xi and yi) of every fracture through the following equation based on 

the two coordinate ranges (xmin, xmax) and (ymin, ymax) [13] 
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where Rx,i, Ry,i
 
are number in the range [0,1] 

2.4. Aperture of fractures 

In general, the apparent aperture of fracture is the distance between the two surfaces of 

the fracture. However, depending on the purpose of real applications, it can be the hydraulic 

aperture which is back-calculated using cubic law equation from laboratory test results of 

flow rates [16], or it is mechanical aperture for the problem of applied stress acting normal to 

the mean fracture plane [17]. The fracture aperture can vary by the lognormal distribution as 

taken from studying the correlation between fracture aperture and trace length [13]. In this 

study, the initial fracture aperture usually is assumed as being uniform in this study. 

3. GENERATION METHODOLOGY OF RE-GENERATING FRACTURE 

NETWORK  

The synthesized data described in the previous part will be used as input for the 

generation of the fracture network. The methodology to generate DFN realizations is detailed 

in [18] and which can briefly presented in six steps as below: 

Step 0:  Input the fractures network’s parameters which include the fractal dimensions (C, 

D), the Fisher constant (K) of different principal sets of fractures and the area of the 

geometrical model (A).  

Step 1: Calculate the number of fractures to be generated for each class of fractures 

length [la , lb] based on the power law distribution (Eq. 2). The mean value of fracture length 

of each class is taken as formula lab = 0.5*(la + lb). The total number of fractures can be 

evaluated in the model. 

Step 2: Determine the number of fracture in each angle interval [a , b] by the Fisher 

distribution corresponding to each principal fracture set (Eq. 3). The mean value of fracture 

angle taken as formula ab = 0.5*(a + b) will be then stored in a list. 

Step 3: The list of the center coordinates of all fractures is generated by using the Poisson 

distribution (Eq. 4) 

Step 4: Distribute three parameters (length, angle, and center) for each fracture by 

followings: with each fracture length lab in step 2, its location and orientation are randomly 

taken from the list of orientation angle (step 2) and list of center coordinates (step 3). Note 

that we begin fracture generation from the longest to the shortest fracture. If 20% (*) of 

fracture length is outside of the domain, the fracture center is suppressed and another center is 

generated as the above procedure.  

Step 5: Adjust fracture length and fracture center. The fracture length and the fracture 

center will be adjusted in order to keep the difference of total trace length of fractures 

between the model and the input data less than 5% as Eq. (5) 
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where L* is the total trace length of fractures in the sample, p21 is fracture intensity A is the 

area of sample. The fracture length will be increased or reduced by factor k in the equation l*
ab 

=klab where k is calculated by Eq. (6) 
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in which lab is the trace length of fracture before adjustment. The output of DFN (center, 

length, orientation, total trace length) will be saved in a text file which will be imported in 

other software for further simulations.  

Step 6: Eliminate dead-ends and isolated fractures. All dead-ends of fractures will be 

deleted first and then all isolated fractures will be ignored. The updated information will be 

stored in the text file for further simulations. 

(*) The proposed value of 20% is tentative value. In reality, the total trace length of all 

fractures (the p21) may approach the required value if this tentative value (20%) is reduced.  

Following the above methodology, the re-generation of representative element volume was 

implemented in DEAL.II code [14, 15] http://www.dealii.org/. The result of this 

implementation is showed in following diagram (Fig.3) 

4. APPLICATION 

In this part, the fractured rock in the Sellafield site is used to re-generate a REV by the 

above methodology. We chose the Sellafield site for application to this methodology due to 

plenty of data available in the literature [10-13]   

For the Sellafield site, this intensity is not uniform and schematically different zones with 

density from low to high are distinguished. Correspondingly, the following values are 

proposed for these two parameters of crack length distribution [10-13]: C is from 1.0 to 4.0 

and D is from 2.0 to 2.2 for the Sellafield site. The corresponding fracture intensity p20 

(defined as the number of fractures per meter square) from 4.8 to 18.3 were determined for 

this site. Another fracture intensity known as the total trace length per meter square (the 

parameter p21) was calculated by UoB/NIREX teams University of Birmingham/Nirex (UK) 

[11] with the corresponding values 4.85 to 16.91 also. The most complicated case for this site 

(C=4.0 and D=2.2, p21=16.91, p20=18.38) is selected to practice in this paper. There are four 

principal sets of fracture as resumed in table 1 [10-13]. 

As in the introduction part, before going to get the fracture distribution, the REV size of 

fractured rock mass needs to be determined. By studying the REV size be from 0.25m square 

to 8.0m square for mechanical problem, Min and his colleagues found out the REV exist and 

its size can be chosen from 2.0m to 6.0m with the coefficient of variation taken from 10% to 

5%, respectively [10,11]. Note that the coefficient of variation is defined as the ratio of 

standard deviation over the mean value [11]. On other hand, in hydraulic problem, the 
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effective permeability can be taken from 2 m to 8m with the coefficient of variation is 30%, 

20% and 10% corresponding to REV of 2m, 5m and 8m, respectively [11]. From above 

discussions, the smallest size of sample which can be representative for fractured rock of this 

site is 2m. Hence, an example of the DFN generated for a REV with 2m of size was 

presented. Firstly, The detailed the number of fractures for each length group and orientation 

group are listed in the table 2 and 3, respectively for to the case of the high-density crack zone 

of fracture distributed in the area of the REV (p20=18.38). The total number of fracture is 73 

fractures taken from p20A. The comparison of fracture distribution for each group respects the 

theoretical power law distribution showed in figure 4 and 5. Note here that the fractures are 

generated in the horizontal plane Oxy with the x-axis represents the North direction. The 

results of step 4 (draft sample), step 5 (sample with dead-end and isolated fractures) and step 

6 (sample without dead-end fractures) are illustrated in Figure 6, 7, 8, respectively. The 

sample at the step 5 gives the fracture intensity p20 as the initial value of 18.38 and conformed 

to the characteristics of fracture distribution such as fracture length, fracture orientation, 

fracture location as the actual distribution at site. 

 

Table 1. Fracture parameters used for fracture orientation. 

Joint Set 
Dip/Dip direction 

(degree) 
Fisher constant (K) 

1 8/145 5.9 

2 88/148 9.0 

3 76/21 10.0 

4 69/87 10.0 

 

Table 2. Number of fractures distributed in each group of fracture length (result of step 1). 

 

Length arrange 
Number 

  Length arrange 
Number 

la lb   la lb 

0.5 0.55 14   1 1.2 5 

0.55 0.6 10   1.2 1.4 3 

0.6 0.65 8   1.4 1.6 2 

0.65 0.7 6   1.6 1.8 1 

0.7 0.8 9   1.8 2 1 

0.8 0.9 6   2 2.83 (*) 4 

0.9 1 4   Total 73 

 (*) 2.83m is the maximum trace length which could be obtained in the REV of 2m size 

( 2 2 2.83m= ) 

 

https://www.google.com/search?q=characteristics&spell=1&sa=X&ved=2ahUKEwjmvfmtrpTnAhWKFYgKHbdsA6sQkeECKAB6BAgPECU
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of fractures length by power law distribution 

(C, D), (K),

(A)

by the Fisher distribution 

for each fracture

Distribute three parameters (length, angle, and center) 

Adjust the fracture length and the fracture center

STEP 0 : Read the fractal dimensions

STEP 1 : Calculate the number of fractures to be generate from each class 

Generate list of the center coordinates of all fractures 

the Fisher constant

the area of REV

STEP 2 :

STEP 3 :

STEP 4 :

STEP 5 :

Eliminate dead-ends and isolated fractures STEP 6 :

Determine the number of fracture in each angle interval

Less than 20% of fracture length is outside of the domainCHECKING: 

YES

NO

 

Figure 3. Flow diagram of re-generation code. 
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Figure 4. Comparison of fracture number between theoretical distribution and proposed methodology. 

 

Table 3. Fracture number for each fracture set (result of step 2). 

Angle to x 

direction 
Fracture number for each fractures set Total 

fractures 
theta(a) theta(b)     

-5 5 2 2 3 0 7 

5 15 1 1 3 0 5 

15 25 1 0 1 0 2 

25 35 0 0 2 0 2 

35 45 0 0 3 1 4 

45 55 0 0 2 1 3 

55 65 0 0 1 2 3 

65 75 0 0 0 3 3 

75 85 0 0 0 2 2 

85 95 1 0 0 1 2 

95 105 1 1 0 3 5 

105 115 2 1 0 3 6 

115 125 2 2 0 2 6 

125 135 2 3 0 1 6 

135 145 1 2 0 0 3 

145 155 1 1 0 0 2 

155 165 2 2 1 0 5 

165 175 2 3 2 0 7 

Total 18 18 18 19 73 
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Figure 5. Number of fracture versus the direction angle group. 

 

Figure 6. The DFN re-generation process: draft sample (result of step 4). 
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Figure 7. The DFN re-generation process: sample with dead-ends(result of step 5). 

 
Figure 8.  The DFN re-generation process: sample without dead-ends (result of step 6). 
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5. CONCLUSION 

The paper overviews the principle characteristics of fractures in fractured rock mass such as 

fracture length, fracture orientation, fracture location and fracture aperture of a common site 

such as the Sellafield site. A methodology of re-generation of a representative element 

volume of fractured rock mass was proposed and presented. A script code was implemented 

based on the DEAL library. The efficiency and performance of the proposed methodology is 

highlighted via an example of Sellafield site in this paper. The result of this methodology can 

give a material to fur simulation for example: mechanical simulation, hydro-mechanical 

simulation and cracking propagation, etc… 
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