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Abstract:Accurate estimation of fracture geometric parameters and characterization of rock mass structure are 

two important topics in geological disposal system of high-level radioactive waste(HLW). The Beishan area, as 

current preselected area of China's HLW disposal, has three subareas considered as the key survey area at the 

stage of site selection. In this paper, a comprehensive survey method conducted on the outcrop is developed to  

estimation of fracture geometric parameters. Results show that fracture occurrence obeys a Fisher distribution,  

fracture trace length obeys a normal distribution, and the distribution of spacing obeys a negative exponential 

distribution. An evaluation index, Rock Mass Structure Rating (RMSR), is proposedto characterize rock mass 

structure for the three subareas. The result shows Xinchang area is more suitable for China’s HLW disposal 

repository site. At the same time, the index can be also applied to characterize surface rock mass structure and 

rock mass integrity at the site selection phase of HLW disposal. 
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1 Introduction 
 

With the rapid development of nuclear industry, considerable spent nuclear fuel and high-level radioactive wastes 

(HLW) have been produced in nuclear industrialized countries. In order to the sustainable development of the nuclear 

industry and environment protections, the safe disposal of these HLW has already caused worldwide high 

attention(Wang et al., 2010). Deep geological disposal as an appropriate and feasible way was accepted to deal with the 

HLW by the international atomic energy agency participating country in 2003 (IAEA, 2003). Since deep geological 

disposal of HLW was mentioned, extensive research and development programs have been conducted. In some counties, 

crystalline rocks has been considered as the disposal host rock types, and the geological, geochemical, geohydrologic and 

geomechanical conditions of crystalline rocks have been developed field research (Hudson et al., 2011). 

In China, work on research and development plans of HLW disposal has been put forward by the former Ministry of 

Nuclear Industry of China since 1985. In 2006, a 3-step long-term plan for the geological disposal of HLW shown in 

Table 1, "R&D guidelines for geological disposal of high-level radioactive waste", was published. The step 1, site 

selection and site characterization, is high importance during the development process of the repository(Wang et al., 

2010). 

Table 1 The 3-step long-term plan for geological disposal of HLW in China(from: Wang et al., 2010) 
Step Period Milestone 

Step 1: 

site selection and site characterization 

for HLW repository 

2006-2020 

Preliminary repository sites should be preliminarily selected with preliminary site 

characterizations completed. A site for an underground research laboratory (URL) is 

confirmed and its construction is completed. Preliminary technical capabilities in 

major areas are established through laboratory studies. 

Step 2: 

underground in-Situ tests 
2021-2040 

Completion of site characterizations and confirmation of the final repository site. 

Completion of the in-situ tests in the URL and establishment of technical capability 

for construction of the repository established. Completion of detailed repository 

design. 

Step 3: 2041-2050 Completion of the repository construction around 2050. The demonstration for HLW 
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repository construction disposal with vitrified HLW 

 

In the last decades, site selection has been conducted from 5 potential regions including 21 potential candidate areas. 

In recent years, the major site has been concentrated on the Beishan area in Gansu Province of northwestern China, 

which contains many granite intrusions(Fig.1). The topography of the area is characterized by gobi and continuous small 

hills(Fig.2). The height variation is usually several tens of meters. The crust in the area is a block structure, with the crust 

thickness of 47 to 50 km. Based on the history of seismicity, The seismic intensity of the area is below than grade VI, and 

no earthquake with MS>4.75. The climate of the area is a typical arid climate zone such as less rainfall, high evaporation, 

arid, varied wind. The average annual rainfall is only 60-80 mm/a, mainly concentrated in June to August. The 

groundwater recharge is mainly atmospheric rainfall. Due to a large numbe of the atmospheric rainfall evaporated, the 

groundwater is relatively poor in the Beishan area. The major advantage of the area is few people, no industrial and 

agricultural activity. The unique natural surface geological, hydrogeological and geophysical characteristics of Beishan 

area indicate that its crust is stable, and it has a great potential as the construction site of  HLW repository. 

 

 

Fig. 1. The location of Beishan area in Gansu Province of northwestern China(from: Zhao X G et al., 2013 ) 
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Fig. 2. The typical topography of Beishan area 

 

During site characterization for Beishan area, 8 granite intrusions were chosen as candidate subareas and three 

subareas, including Xinchang, Shazaoyuan and Suanjingzi, were chosen as the most potential subarea for HLW 

repository. Therefore site characterization were conducted for these subarea, such as surface geological, hydrogeological 

and geophysical characteristics, borehole televiewer logging, rock physical and mechanical properties, borehole radar 

survey and hydraulic testing. Granite, as the disposal host rock, has two key factors between nuclide diffusing into the 

biosphere along with groundwater through fracture and fracture affecting the stability of rock mass. In view of this, 

estimation of fracture geometric parameters and characterization of rock mass structure are importance parameter for site 

selection and site characterization of HLW repository. 

The main objectives of this study are: (1)estimation of fracture geometric parameters using comprehensive survey 

method on the outcrop; (2) statistical analysis of the geometric parameters of fracture such as occurrence, trace length, 

and spacing; (3) RMSR used to characterize rock mass structure; (4) comparison rock mass structure of the three 

subareas. This paper firstly introduces the survey method for measuring surface fracture. Then statistical analysis of the 

fracture geometric parameters  (i.e., occurrence, trace length and spacing) are performed based on the measurements data. 

Finally, RMSR is used to characterize the rock mass structure for the three subareas, and it is obtained that Xinchang area 

is more suitable as the construction site of HLW disposal. 

 

2 The survey method 
 

2.1 Background 

Fractures have a profound effect on the deformability, strength and permeability of rock mass. Therefore estimation of 

fracture geometric parameters are an important part for the rock mass engineering characterization. The International 

Society for Rock Mechanics(1978) has proposed quantitative characterizations of fractures geometric parameters such as 

occurrence, trace length and spacing. 

In general, fracture is sampled by a scanline or a sample window from natural outcrops or excavation faces. The major 

different of two sampling methods was sampling bias and statistical approach for trace length distribution (Laslett, 1982; 

Riley, 2005). For scanline survey, the trace length has been inferred mainly from complete trace length or semi-trace 

length distributions. Scanline survey has a fatal problem to build the fracture diameter distribution using trace length 

distribution, but trace length distribution is not sensitive to fracture diameter distribution. Although it is an alternative 
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solution to assume the distribution of the trace length and then to find the proper trace length distribution from the 

experimental data, an unresolved problem is that the final trace length is extremely sensitive even to a small sampling 

error in the experimental data(Song, 2001). Hence, significant research for estimating mean trace length used sampling 

windows instead of scanline sampling. 

Paul (1981) presented a technique to estimate mean trace length with a fixed orientation in rectangular windows and 

first assumption that the trace length distribution is continuous. Kulatilake (1984) subsequently extended Paul's research 

to allow for variable orientation which is described by a probability distribution function. At the same time, The method 

requires that the numbers of fractures with both ends observed, one end observed, and both ends censored should be 

known. The advantage of the method is that the lengths of observed traces and the density function of trace length are not 

required. But the distribution of trace length and occurrence must be assumed. 

Zhang and Einstein (1998) introduced a method for estimating mean trace length from the observations made on finite, 

circular sampling windows. The method takes sampling errors into account and it requires, like existing methods using 

rectangular sampling windows, that the numbers of discontinuities with both ends censored(N0), one end observed and 

one end censored (N1), and both ends observed (N2), as shown in Fig.3. The major advantage of the method over the 

existing methods is that the lengths of the observed traces and the distribution of trace lengths is not required and traces 

with arbitrary orientation distributions is available. When outcrop is circular, it can be conveniently used as a circular 

sampling window(Fig.3).  

 

 

Fig. 3. A circular sampling window (from: Zhang, 1998) 

 

2.2 comprehensive survey method 

Circular sampling windows is theoretically possible and perfect, but is not applicable for fracture surveying in field. In 

order to statistical analysis of the fracture geometric parameters effectively and accurately, a comprehensive survey 

method is proposed. The first step a scanline is arranged on the outcrop, and intersects with all the fracture as much as 

possible. All trace types of fracture data are designed a uniform data structure. Then, the fracture trace map is redrawn on 

the computer based on the field surveying data. Finally, the trace midpoint density of fracture is obtained to estimate the 

mean trace length based on the circular sample window method theory(Zhang,1998). 

Scanline fracture mapping was conducted using a graduated tape stretched across the outcrops faces which represented 

the scanline. Fig.4 shows that fracture intersects the scanline in three ways, intersection is identified with Ⅰ and yellow 

line, the extended line of fracture intersection is identified with Ⅱ and green line, nonintersecting is identified with Ⅲ and 

blue line. In order to statistics easily, the location of fracture is expressed by a uniform data structure {L0, L1, L2, L3}, 

where L0 and L0’ is the location of fracture endpoint vertically projected to scanline, where L1 and L1
’
 is the vertical 

distance between fracture endpoint and scanline, where L2 is the extended line length from fracture endpoint to scanline, 

and where L3 is the fracture trace length. Therefore, the location of fracture is defined through the value of L0, L1, L2 and 

L3 measured by the graduated tape stretched, and the fracture trace length is the value of L3. The occurrence of the 

fracture is measured by geological compass. The geometric parameters of fracture can be described by its trace length, 
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occurrence, location. Fracture can be easily redrawn by the computer program based on the fracture geometric 

parameters. Trace length and density of fracture can be estimated through circular sample window method. 

 

 

 

 
 

Fig. 4. (a)Photograph of an outcrop showing the placement of a measuring tape for scanline fracture mapping, (b) fracture types based 

on the intersection relations between fracture and scanline 

 

3 Statistical analysis of fracture geometric parameters  
The geometric parameters of fracture are difficult to quantify in situ because fracture subsurface are three-dimensional 

in nature. For the outcrop, only the two-dimensional geometric parameters of the fracture, such as location, trace length, 

trace midpoint density and spacing, can be considered.  

 

3.1 Statistical of mean and distribution for fracture occurrence  

In general, the occurrence of fracture is presented in stereonet plots as poles and contours, and the normal vector of 

fracture is often displayed using upper hemispherical equal angle projection(Priest, 1985). When the occurrence of 

fracture is assumed with dip δ and dip direction θ, the coordinates xA and yA of point A can be determined by space 

geometry relationship theory in Fig.5. 

xA=sinθ·R·tanδ/2      yA=cosθ·R·tanδ/2                                                (1)  

where R is the radius of the great circle. 

Therefore point A can be plotted in polar stereographic projection point on the horizontal plane as shown in Fig.5(b) 

and in the upper hemispherical equal angle projection point of the normal vector. Based on this principle, the mean 

occurrence and statistical characteristic of the fracture sets were calculated using DIPS developed by Rocscience Inc 

(Rocscience Inc. 2006). 
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Fig. 5. Schematics of upper hemispherical equal angle projection,(a) Vertical plane,(b) Horizontal plane (from: zheng, 2014) 

 

After obtaining the fracture sets, we analyze and calculate the distribution of fracture occurrence. Kulatilake (1985 and 

1986) found that the distribution of fracture occurrence obeys Fisher distribution or normal distribution. The profile of 

probability density was drawn for the data of dip and dip direction. Then it can be seen which one distribution of dip and 

dip direction of fracture obey. At the same time, the mean and standard deviation of normal distribution and the K of 

Fisher distribution can be calculated. 

  

3.2 Statistics of trace length and trace midpoint density for fracture 

The size of fracture is an important but difficult parameter to determine. In rock outcrops, because only the traces 

length can be measured, the areal size and shape of fracture are inferred from the trace lengths. Nevertheless, the mean 

trace length of a fracture set (mean trace length) cannot be obtained from direct measurements of the traces in the rock 

face because of truncation bias and censoring bias. 

Zhang (1998) developed the circular sampling window technique to calculate mean trace length and trace midpoint 

density. For this technique, considering the trace lengths within a circular sampling plan, the assumptions were firstly 

applied that (1) fracture is planes and intersecting the sampling window as line traces, (2)the midpoints of trace lengths 

are uniformly distributed in two-dimensional space, (3)trace length and occurrence are statistically independent of each 

other. 

When a fracture intersects a circular window of finite size, the intersection may occur in three ways, as shown in Fig.3. 

we define that c is the radius of circular sampling window, N0, N1 and N2 are respectively the number of traces in each of 

the above three types, N is the total number of fractures. Therefore, the trace length and trace midpoint density can be 

calculated by: 

0 2

0 2

π( )

2( )

N N N
c

N N N


 


 
                                                                      (2) 

0 2

22

N N N

c




 
                                                                          (3) 

where γ is trace length; λ is trace midpoint density. 

When fracture is redrawn in the computer, there are many problems considered, such as how to determine the radius 

and location of the sampling windows. In this paper, different radius and location of concentric circular and tangent 

circular sampling window are used to calculate the trace length and the trace midpoint density. Fig.6 and Fig.7 show that 

concentric circular and tangent circular sampling window are arranged on the a rectangular sampling windows including 

the fracture, scanline and truncation line. 
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Fig. 6. Fracture trace for an outcrop and concentric circular sampling window 

 

Fig. 7. Fracture trace for an outcrop and tangent circular sampling window 

 

Through the Eq.(2)and (3), trace length and trace midpoint density can be calculated for an outcrop, as shown in Table 

1 and Table 2. It can be seen from the data of trace length and trace midpoint density that trace length is increasing but 

trace midpoint density is decreasing with the increasing of radius for the double circular sampling window. For the 

tangent circular sampling window, when the radius of circle is more than 10m, the trace length and trace midpoint 

density keep constant. For the tangent circular sampling window, trace length and trace midpoint density is always 

changing with the radius of circle. Therefore, it can be thought that the tangent circular sampling window is more stable 

and reasonable to calculate the trace length and trace midpoint density for the outcrop.  

 

3.3 Statistics of fracture spacing  

Fracture spacing is the vertical distance between adjacent fractures plane, which is a key parameter to characterize the 

integrity of rock mass. When the fracture surface normal(ND) becomes increasingly parallel to the outcrop face normal 

(NRF), the observed spacing of the apparent traces(Da) on the outcrop increases with respect to the perpendicular (true) 

spacing (Dp)in Fig.8. The probability of a fracture appearing in an outcrop depends on the relative occurrence between 

the outcrop and the fracture. In order to solve the occurrence bias, Terzaghi (1965) first proposed correction of the 

occurrence bias using a fracture correction factor, which is CF=1/sinβ=1/cosδ. So the relationship between the observed 

spacing and true spacing is calculated by:  

sin sinp aD D CF                                                             (4) 

where α is the angle between the scanline and fracture; δ is dip. 
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Fig. 8. Effect of orientation bias on discontinuity sampling and the Terzaghi correction factor (from: Cacciari, 2016) 

 

Barton(1974), Priest(1976), Huang (1989) found that the distributions of fracture spacing are subjected to negative 

exponential distribution, log normal distribution or normal distribution. The profile of probability density was drawn for 

the data of fracture spacing. Then it can be seen which one distribution of fracture spacing obey. At present, the idea is 

approved that the distribution of fracture spacing mainly obeys negative exponential distribution function (Goodman, 

1980;Priest, 1981). 

 

4 Characterization of rock mass structure for HLW disposal 
Rock mass classification is widely considered as a practical and usable method in evaluating the quality of rock mass 

for geotechnical engineering. For HLW geological disposal engineering , the disposal repository must avoid the adverse 

rock conditions and geological structures. Therefore, the main objective of rock mass classification is to select a suitable 

rock volume and the long-term safety requirement for HLW disposal repository.  

With the development of geotechnical engineering , many rock mass classification systems are investigated, such as 

the RMR or CSIR system introduced and arrived in its contemporary state by Bieniawski(1973,1989), the Q-system 

developed originally and evolved to its final state by Barton(1974,1993)
 
with minor updates by Barton(2002)

 
, the GSI 

system introduced and evolved over the years into its contemporary state by Hoek(1994, 2000), the RMi system 

introduced and developed over the years by Palmstrom(1996,2005). From the rock mass classification systems, it can be 

concluded that strength of intact rock, rock mass structure and the external conditions are the most important common 

parameters.For the geological disposal of HLW in a crystalline site, there are two key issues that nuclide migration 

migrates with groundwater to the biosphere through fractures, and fracture influences the long-term safety and stability of 

surrounding rock mass. Therefore, strength of intact rock and rock mass structure are the most important aspects 

affecting the rock mass in HLW disposal engineering. Rock strength is obtained through uniaxial compression tests, but 

characterization of rock mass structure is different for each of rock mass classification systems. Therefore, a general 

method for rock mass structure characterization is of great significance. 

 

4.1 Rock mechanics properties 

Rock sampling was carried out in the Beishan area, which is a great potential as the construction site of the china HLW 

repository(Wang et al., 2010). The crust in this area possesses a blocky structure with many granite intrusions. The 

granite sampling in this study came from the areas, including Xinchang, Shazaoyuan and Suanjingzi, were chosen as the 

most potential three subareas for China’s HLW repository. The rock type is granodiorite in the areas, and the rock is 

called the Beishan granite in the test program. 

Firstly, rock was processed into cylindrical specimens of ϕ50mm×100mm by cutting machine. The size bias of 

specimens were allowed in accordance with the standard requirements of the International Society of Rock Mechanics 

with the height and diameter controlled within ± 0.3mm and both ends of the specimen flatness within ±0.02mm (Yin et 

al.,2016).Then, the uniaxial compression tests were performed on the MTS-815 mechanical testing machine with a 

maximum load capacity of 1000kN. A specimen was contained between hardened steel platens machined to match its 

end surfaces. At the both ends of the specimen, flexible-head platens were installed to ensure even load distribution. 

Finally, uniaxial compression tests, five specimens for per area, were conducted successfully and the experiment results 

were summarized in Table3. Based on the Terzaghi's rock mass classification with adjustments by Sinha(2012), the rock 

type is Hard and the rock class is Ⅰ because of the Beishan granite peak stress more than 150Mpa. 
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4.2 Rock mass structure characterization method 

Considering that the rock type of Beishan granite is Hard, rock mass structure takes a great weight in the rock mass 

classification. The parameters, characterization of rock mass structure, are different in the rock mass classification. In the 

RMR system, the parameters concerning rock mass structure are the drill core quality RQD and the spacing of 

discontinuities, denoted as parameters R2 and R3 and its range extends from 8 to 40. In the Q system, parameters 

concerning rock structure are the RQD and the Fracture set number Jn and its range extends from 0.25 to 200. In the RMi 

system, the rock mass structure is represented by the block size Vb, and its range extends from 30cm
3
 to 1000 m

3
. 

However, many parameters such as RQD and Vb , characterization of rock mass structure in the three method, are 

difficulty to directly measured through the outcrop.  

The International Society for Rock Mechanics(1978) has proposed that eleven items are selected to describe fracture 

and these items represent the main fracture characteristics respectively. As for characterizing rock mass structure, all of 

these items should be in principle needed but it is not reality. Due to block size determined by number of sets, fracture 

spacingand trace length, characterization of rock mass structure can be determined by the three parameters based on the 

RMR system, Q system and RMi system.  

An evaluation index, RMSR (Rock Mass Structure Rating), is developed to characterize rock mass structure on an 

outcrop. The main principle of RMSR is concentrated on rock mass fracture. It may serves as a general index which can 

be used to evaluate both the block size of rock mass and the connectivity of fracture network. Based on the fracture set 

number, trace length and spacing influence on block size on the outcrop in Fig.9, the RMSR can be expressed as:  

RMSR=N·L·D                                                                          (5) 

Where: N·is the rating of the fracture set number; L is the rating of trace length; D is the rating of the true spacing 

(Dp). The characterization and rating of fracture set number, trace length and trace length is respectively listed in Table 4, 

Table 5 and Table 6.Then, The RMSR can be calculated from Eq.(5) according to the Table 4-6 respectively. The 

characterization and rating of rock mass structure according to RMSR is given in Table 7. 

 

 

Fig. 9. Illustration of fracture set number, trace length and spacing influence on block size on the earth surface. Modified from ISRM, 

1978 

 

5 Application at the Beishan preselected area 
 

5.1 Introduction of the Beishan preselected area 

The Beishan area, as the current preselected area for China's HLW disposal, 8 granite intrusions were chosen as 

candidate subareas, and three subareas, Xinchang, Shazaoyuan and Suanjingzi, were considered as the key investigation 

area at the site selection and site characterization stage(Wang et al., 2006). From 1999 to 2013, works were conducted 

within these three subareas by the means of surface geological, hydrogeological and geophysical investigations, and 

drilling boreholes. A series of borehole tests, such as pumping tests, injection tests, borehole televiewer and borehole 

radar surveys, sample-taking and in-situ stress measurements, were carried out. RMSR, as an evaluation index, is 

developed to characterize rock mass structure in an outcrop. Based on the geological investigation data through 

comprehensive survey method and the comparison of rock mass structure rating, the most promising areas as the final 

disposal site is selected. 
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5.2 Statistical results of fracture geometric parameters  

The comprehensive survey method was used to survey these three subareas for the cleanly outcrop. The main survey 

region was around the borehole within an 1 kilometer radius. In this paper, the BS32 borehole of the Xinchang area was 

randomly choosed as the survey objectives. The mean occurrence and statistical characteristics of the fracture sets were 

analyzed using DIPS (Rocscience Inc. 2006). Figure10 shows the rose diagram and the equal area lower hemisphere 

plots of all the fracture mapping results around BS22, and four sets of fracture zone with the maximum Fisher 

concentration of 12.84%. Table 8 of the four fracture sets with the occurrence well fitted by Fisher distribution. Set 1, 

243.2°∠75.3°, is  prominent set of occurrence .  

 

 

 

Fig. 10. (a) Rose diagram of fractures trend ,(b) Equal area lower hemisphere of fractures around BS22 

 

Tangent circular sampling window was used to calculate the trace length and trace midpoint density for the outcrop 

around BS22 borehole. Table 9 shows the statistical result of trace length and trace midpoint density for each outcrop. 

Priest (1981)studied fracture trace length distribution and found that the fracture trace length obeys a lognormally. Fig.11 

shows the histogram and distributions of the trace length, but the fracture trace length obeys a normal distribution. That is 

because of the limited scope of the outcrop. 

 

Fig. 11. Histograms and distributions for the trace length 

 

The fracture spacing is calculated through Eq.(4) for the outcrop around BS22 borehole, as shown in Table 10. It can 

be seen that the mean spacing of fracture is between 0.6m and 2m which is wide spacing according to ISRM 

(Barton,1978). The histogram and distribution for fracture spacing are shown in Fig.12, and it can be seen that the 
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distribution of spacing obeys a negative exponential distribution. The result is consistent with Priest (1976)and Goodman 

(1980) research. 

 

 

Fig. 12. Histograms and distributions for the fracture spacing 

 

5.3 Characterization of rock mass structure for the subareas 

Fractures are widely distributed in the Beishan area whose dominant lithology is granodiorite. Geometric parameters 

of fracture provide a basis for rock mass structure characterization, site selection and preliminary near-field performance 

assessment. 1213 pieces of fracture in 56 outcrops are measured in the vicinity of the BS22 borehole for the Suanjingzi 

area. 1803 pieces of fracture in 74 outcrops are measured in the vicinity of the BS32 borehole for the Xinchang area. 

1367 pieces of fracture in 62 outcrops are measured in the vicinity of  the BS29 borehole for the Shazaoyuan area. The 

geometric parameters of fracture for these area are shown in Table 11. 

Based on the Table 4-6 and Eq(5), RMSR, the characterization and rating of rock mass structure, for Suanjingzi, 

Xinchang, Shazaoyuan area are given in Table 12. It can be seen that the characterization of rock mass structure for 

Xinchang and Shazaoyuan area is weakly fractured, but the Suanjingzi area is Moderate fractured. 

In order to have a comparison with the rock mass structure between Xinchang and Shazaoyuan area in detail, the 

isogram of RMSR around BS29 and BS32 borehole were respectively shown in Fig.13 and Fig.14. It can be seen from the 

proportion of color on the right edge of Fig.13 and Fig.14 that the darker the color is, the higher the RMSR is and the 

characterization of rock mas structure is very strongly fractured. Comparing with Fig.13 and Fig.14, the percentage of Ⅰ-

rating for rock mass structure around BS32 borehole in Xinchang area is higher than around BS29 borehole in 

Shazaoyuan area. Therefore, the rock mass around BS32 borehole in Xinchang area is more suitable for the HLW 

disposal and the conclusion is in accordance with the rock mass classification system QHLW result. 
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Fig. 13. The isogram of RMSR around BS29 borehole for Shazaoyuan area 

 

 

Fig. 14. The isogram of RMSR around BS32 borehole for Xinchang area 
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5.4 Discussion  

From the results shown in Sections 5.3, the RMSR evaluation index is feasible to be used to characterize rock mass 

structure. Moreover, as a quantitative index, it can be used to analyze the distribution of rock mass integrity. Because of 

the evaluation index proposed according to the rock type of Beishan granite, its application is limited to crystalline rocks 

in current form. However, considering fracture form on the outcrop is quite similar, the RMSR evaluation index could be 

further extended to other types of host rock by taking into account their special characteristics. Certainly, the index is’t 

characterization of underground rock mass structure for HLW deep geological disposal repository. Therefore, the index 

should be further studied to provide the important date support for repository site selection and site suitability evaluation. 

 

6 Conclusions 
A comprehensive survey method was conducted to estimate the fracture geometric parameters on the outcrop. An 

evaluation index, RMSR, is proposed to characterize rock mass structure for the Beishan preselected area in China. The 

following conclusions are drawn: 

(1) a comprehensive survey method was used to survey these subareas for the cleanly outcrop. The mean occurrence 

and statistical characteristics of the fracture sets was analyzed using DIPS, and the occurrence well obeys a Fisher 

distribution. The tangent circular sampling window was used to calculate the trace length and trace midpoint density for 

the outcrop. The fracture trace length obeys a normal distribution. The mean spacing of fracture is between 0.6m and 2m 

which is wide spacing according to ISRM and the distribution of spacing obeys a negative exponential distribution. 

(2) the characterization and rating of rock mass structure characterization for Suanjingzi, Xinchang, Shazaoyuan area 

are compared through RMSR. The characterization of rock mass structure for Xinchang and Shazaoyuan area are weakly 

fractured, but the Suanjingzi area is Moderate fractured. The Xinchang area is more suitable for the HLW disposal 

through comparing with the percentage of Ⅰ-rating for rock mass structure for Xinchang and Shazaoyuan area. 

(3) the RMSR evaluation index is limited to crystalline rocks in the current form and is’t characterization of 

underground rock mass structure. So the index should be further studied to provide the important dates support for 

repository site selection and site suitability evaluation. 
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