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ABSTRACT
In 2015, at Gyeongju nuclear waste site, the Korea Radioactive Waste Agency initiated
the 1st stage low- and intermediate-level radioactive wastes (LILRW) disposal into the
cavern facility located at a depth of -130 m below the ground surface and is now under
judgment to get permission to build shallow-level nuclear disposal facility of the 2nd
stage. The 1st stage cavern disposal facility has been built with multi-barriers (1st
engineering barrier and 2nd natural barrier) in order to isolate the nuclear waste from
human life zone. Natural barrier by bedrock delays radionuclide movement, adsorbs
radionuclide in case of the damage of the engineering barrier, and reduces the risk of
radionuclides because the radionuclides move along groundwater flow path. At the
Gyeongju site, groundwater mainly flows through the factures and beddings of the
rocks which are mainly granitic rocks and sedimentary rocks. Therefore, in order to
understand the nuclide migration path, it is necessary to understand discrete fracture
networks based on the characteristics of heterogeneous fractures of different
orientations, densities, and sizes. In this study, detailed heterogeneous fracture
distribution including the density and orientation of the fractures was considered that
has been changed for a long time under various geological activities at and around the
Gyeongju site. In this study, the heterogeneity of the bedrocks at the Geongju site was
been reasonably simulated by the discrete fracture network modelling. The discrete
fracture network model has been successively constructed with using multiple
correlations between faults, background factures, and electrical survey data. In addition,
a hydraulic potential map was plotted based on the discrete fracture network model.

1. INTRODUCTION
In 2015, the Gyeongju nuclear waste facility started disposal of low- and intermediatelevel radioactive wastes in the cave disposal facility at a depth of -130 m below the
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ground surface at the 1st stage, and is now under permission process by the regulation
agency in order to build the 2nd stage near-surface disposal facility. The Gyeongju
facility of radioactive waste disposal uses a multi-barrier system composed of 1st
engineering barrier and 2nd natural barrier in order to isolate the nuclear waste from
the human life. The natural barrier functions for reducing the risk of radionuclides
leakage from the disposal facility by adsorbing the radionuclides as well as delaying
their movement since the radionuclides mostly migrate along groundwater flow path in
case of the damage of the engineering barrier.
Radionuclide migration path is intimately linked to discrete fracture networks that are
characterized by heterogeneous fracture orientations, densities, and sizes. Over the
past several decades, discrete fracture network (DFN) model has been utilized to
characterize natural discrete fracture networks in relation to nuclear facilities,
underground petroleum storage systems, and enhanced geothermal systems (Cacas et
al., 1990a; Cacas et al., 1990b; McClure and Horne, 2010). The DFN model can
simulate 2- or 3- dimensional networks of discrete features governing flow and
transport as well as partial or complete barriers to flow (faults, argillaceous layers, etc.).
The DFN model can more accurately simulate the hydrodynamic behavior of fluids in
fractured rocks as characterizing the distributions of faults and fractures (Dershowitz,
1984; Lim, 2002). Consequently, the DFN approach has been used to more clearly
simulate groundwater flow through fractures as considering connectivity, anisotropy,
zoning, and heterogeneity of the fractured rocks (Dershowitz, 1979; Long et al., 1982;
Robinson 1984; Cacas, 1989). The DFN approach was officially approved by the
regulating agencies in Sweden (Munier, 2004) and Finland (Hartley et al., 2009) as an
appropriate method for evaluating nuclide transport in relation to the selection of
repository sites of high-level nuclear waste. In Korea, a few of researchers have worked
DFN model to simulate fractured rocks (Park and Lee, 1995; Shin, 2001).
In this study, the bedrocks at and around the Gyeongju site that have been altered
for a long geological ages, was analyzed by detailed analysis of heterogeneous
fracture distribution, density, and orientation. For the analysis, the DFN approach was
applied in order to precisely simulate heterogeneous fractured bedrocks, associated
with multiple correlations of faults-background factures and fracture-electrical survey
data.

2. Geological setting
The topography of the study area shows a decreasing altitude from the west to the east
as a whole (Fig. 1). As the valleys and ridges in the east-west direction are developed,
small streams flow from the highlands in the west and into the East Sea. In the vicinity
of the estuaries, the coastal deposits and small-scale alluvial deposits are formed. The
small streams in the study area that have very short flow channels, flow only in wet
season, but runoff ceases in dry season.
Geologically, the study area and surroundings belong to the Gyeongsang supergroup
and consists of Cretaceous sedimentary rocks (shale and sandstone), Tertiary diorite,
granodiorite, biotite granite, feldspar porphyry, rhyolite, and basaltic andesite and
porphyritic dacitic andesite formed by Tertiary volcanic activity (Fig. 1). The 1st stage

cavern disposal facility is located in the granite area while the 2nd stage surficial
disposal facility is mainly located in the sedimentary rock area. Fractures and faults of
substantial numbers take place in both granite and sedimentary rock areas. At the
Gyeongju site, groundwater mainly flows through the factures and beddings of the
rocks which are mainly granitic rocks and sedimentary rocks. Besides, due to the
geomorphologic characteristics of the eroded hills bounded by the rivers, groundwater
systems are clearly bounded by the highlands and streams.

Fig. 1 Geology of the study area

3. Methods
3.1 Fault distribution
Fractures in the study area can be classified into the deterministic faults observed on
land surface and the background fracture identified by underground investigation. The
background fractures are defined of the length of 172 m or less that was determined
based on the minimum length (172 m) of the faults on land surface. In the study area,
there exist a total of 13 faults that have the lengths of 0.17˗1.4 km, and the various
widths of 0.2˗7 m (Fig. 1). The background fractures were simulated by using DFN
model with considering the location, direction, length, and width of the deterministic
faults (Table 1, Fig. 2). FracMan® (ver. 7.6), a three-dimensional DFN model

considering the direction, size, and location of each fracture, was used that combines
the deterministic faults and the stochastically modeled background fractures.
Table 1 The properties of the deterministic faults in the study area
Fault no.

Z21

Z22

Z23

Z31

Z32

F31

F33

Strike
/dip

N75°W
/50°SW

N60°E
/55°SE

N80°E
/64°SE

N60°E
/72°SE

N63°W
/65°SW

N25°W
/61°NE

N25°W
/60°NE

Damage
Zone (m)

7.9

4.8

5.6

8.3

2.2

0.210.0(5.0)

0.6-8.0
(5.0)

Length
(km)

1.1

1.4

1.26

0.73

0.5

0.65

0.75

Fig. 2 Locations of the deterministic faults in the study area
3.2 Electrical resistivity survey
Electrical resistivity survey was performed on the total of 49 survey lines and resulted in
the electrical resistivity values ranging from 1 to 10,000 Ωm (Fig. 3). The result was
utilized for analyzing the relationship betweeen facture and electrical resistivity.
3.3 Borehole televiewer logging
The BHTV (Borehole televiewer) logging was conducted on the 60 boreholes of
54˗302.4 m depths. The BHTV logging provided borehole log images like slope
directions and angles of joints and faults on the borehole wall (Fig. 4). Directionality and
density of the fractures were estimated from the 60 boreholes, with fracture dips mostly

more than 60 °. The fracture density (P10) shows the numbers of cumulative fractures
along depth and the division of the fractures having same inclination in one section.

Fig. 3 Result of electrical resistivity Survey in the study area
Fig. 5 shows the equal-area stereonets projected to lower hemisphere using the 60
BHTV data of the Gyeongju site, indicating diversely oriented fractures which reflects
the complex geological structures. Still, it is necessary to estimate the direction and
distribution of naturally occurring background fractures in spatial heterogeneity, for the
whole study area. Based on the 60 BHTV images, the orientations of the natural
background fractures were estimated by the bootstrap method that characterizes the
strikes and dips of each fracture group and then inverses the distance and area from
the observed fractures.
3.4 Results
3.4.1 Relationship between faults and fractures
The relationship between fracture distribution around faults and the fault lengths was
analyzed using the shortest distance from fault (FDIS) and fracture density along depth
(P10) as well as the inverse values of the distance from the fault with considering fault
length (WF) and P10(Fig. 6). The Pearson correlation coefficient of FDIS and P10 was
-0.141 with the significance level of 0.128. On the other hand, the correlation coefficient
between WF and P10 was 0.261 with the significance level of 0.00435. Therefore, it is
reasonable to use the inverse values of the WF and the P10, indicating that the greater
the fracture lengths, the higher the fracture densities.
3.4.2 Relationship between electrical resistivity and fracture
The electrical resistivity survey data were correlated with fracture density data of the
boreholes locating along the resistivity survey lines. As considering 10-m survey line,
the correlation analysis was performed using the maximum, minimum, and mean
values of the resistivity values within 10 m of the intersection with the boreholes and
resulted in the negative correlation coefficients of -0.049, -0.123, and -0.056,
respectively, with the significance levels of 0.596, 0.550, and 0.185, respectively (Table

2). It is interpreted that relatively low correlation coefficients of the maximum and
average values are due to biased results by a few high resistivity values. This result
was reflected to the correlation between the minimum resistivity values and the P10.

Fig. 4 Result of the BHTV logs in the boreholes

Fig. 5 Stereonet contour plots of open/filled fractures obtained from 60 BHTV data

Fig. 6 Mininum distance to fault (FDIS) and inverse distance from the faults weighted by
nearest fault size (WF)

Table 2 Result of Pearson's correlation analyses
Pearson

P10 correlation to
resistivity

Correlation

Significance

Min.

-0.123

1.85E-01

Mean

-0.056

5.50E-01

Max.

-0.049

5.96E-01

FDIS

-0.141

1.28E-01

WF

0.261

4.35E-03

3.4.3 Multiple correlation analysis
In order to reflect the heterogeneity of the study area, multiple correlation analysis of
P10, WF, and minimum electrical resistivity values (Rmin) were performed with multiple
correlation coefficients(Fig. 7).
P10 = 2.365 + 3.265•10-5•WF - 2.357•10-5• Rmin

(1)

The significance level of the correlation is 0.005106, and the effect of the WF on
fractures is 1.38 times larger than the Rmin does.

Fig. 7 Estimated P10 by multi regression analysis

4. Conclusions
In relation to the construction of the cavern disposal facility at Gyeongju nuclear waste
site, this study performed discrete fracture modeling in order to simulate fractured
bedrocks through which radionuclides move. The DFN approach reasonably simulated
the heterogeneity of the fractured bedrocks, associated with multiple correlations of
faults-background factures and fracture-electrical survey data. By the result of discrete
fracture network modelling, the effect of the inverse values of the distance from the
fault with considering fault length (WF) on the fracture density along depth (P10) was
found as 1.38 times larger than minimum electrical resistivity values (Rmin) do. Besides,
a hydraulic potential map was plotted based on the result of the discrete fracture
network modelling.
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