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1-Introduction

The groundwater inrush into the mine pit is one of the problems that can make extraction and mining
activities difficult. The location and amount of water entering the mine pit are mainly dependent on the
developed permeable zones within the formation of the region; therefore, to control the groundwater inrush
and suggest the best location of the pumping wells for the drainage of the mine, it is necessary that the
zones and permeable areas identified (Nakhaie Sarvedani et al., 2022). The geostatistics methods are widely
used to estimate the hydraulic parameters of the aquifer hydrogeological by geotechnical parameters.
Geostatistical approaches have been studied worldwide (e.g., Anvari et al., 2008; Assari and Mohammadi,
2017; Dehshibi et al., 2022. Eliat and Chehrzari, 2016; Lu et al, 2016; Moshrefi et al, 2016; Nakhaie
Sarvedani et al, 2022; Razack and Lasm, 2006; Sasani Nia et al, 2015; Triki et al, 2012; Yu, 2010). The
study area of this research is the Takht-e-Gonbad copper mine, which is an open-pit mine and is currently
in the early years of mineral extraction. Groundwater seepage into the pit mine has created several
problems, including slope instability, dewatering of blast holes, and mining operations below the
groundwater table. Therefore, the aims of this research are (a) exploratory-spatial analysis, (b) Stochastic
simulation of RQD, and (c) Identification of permeable zones.

2-Material and methods

In the area around the Takht-e Gonbad mine pit, statistical data from 69 exploration boreholes are available,
and 11,607 RQD data have been recorded. In this research, exploratory-spatial analysis, declustering,
variogram modeling, and geostatistical simulation with the Gaussian method have been performed on the
variable data of RQD.

3-Results and discussions

The study area of this research is the Takht-e-Gonbad copper mine, located in Kerman province and 80 km
northeast of Sirjan city. Structural geology shows this area is placed in the Urumieh-Dokhtar Magmatic
Arc. This mine is an open-pit type and is currently in the early years of mineral extraction. A total of 69
exploration boreholes have been dug around the pit. During the drilling, the variable data of the rock quality
designation (RQD) was recorded during a spatial distance of 3 m along the entire length of the boreholes.
Identifying areas with high permeability in the rock units of the region, especially in the subsurface of the
aquifer, is necessary to carry out the drainage plan in the future. In this research, geostatistical simulation
methods have been used to identify permeable zones. The results of the preliminary statistics showed that
the RQD has an increasing trend with increasing depth. The spatial continuity of the RQD based on the
directional variogram and the spherical model was estimated at 81 meters and was more significant in the
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east-west direction. Finally, the areas with high permeability in the region have been determined by
geostatistical simulation.

4-Conclusion

The results of the preliminary statistical analysis showed that the RQD variable has an increasing trend at
different altitude levels with increasing depth. Investigating the spatial continuity of the RQD based on the
omnidirectional variogram and the spherical model is approximately equal to 81 meters. Therefore, the iso-
value map using the Kriging interpolation method is more valid than other methods. Also, the directional
variogram showed that the spatial continuity is more in the east-west direction than the other direction.
Therefore, the permeable zones are more likely to have expanded in the east-west direction. Finally, the
Gaussian simulation of the RQD variable shows that, generally, the northeast and southwest areas of the
mine have more potential to expand permeable zones.
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Fig. 1. Geographical location of Takht-e-Gonbad copper mine.
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Fig. 2. The location of exploration boreholes in the surrounding of the Takht-e-Gonbad copper mine pit.
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Table 1. Summary of statistical parameters of RQD in exploration boreholes in the study area

Variable RQD
Number 11607
Minimum 0
Maximum 100
Mean 59.97
dovation 2933
Variance 58.861
Range 0.49
Skewness -0.22
Kurtosis 1.76
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Fig. 3. Map of iso-potential lines and groundwater flow direction in the study area.
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Fig. 5. Cross sections of the lithology and water table in the study area (Abbreviations in the guide: ALU: Alluvium, GD:
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Table 2. Characteristics of the fitted model to the experimental variogram (omnidirectional and directional) for the RQD.

The sum of
the squared Range .
residual error (meter) Model Variogram Variable
(SSR)
80.86 Spherical
5.45 omnidirectional
221.29 Cubic
37013.8 Spherical . :
26.026 A21mut(l)1 0, Dip
39.53 Cubic
40.961 20.52 Spherical AZ‘g.“th 45, RQD
ip 0
52.73 Cubic :
67.77 Atmuth 90.
151197.3 Spherical 1p
95.76 Cubic
58.67 Dip 90
299.55 Spherical
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Table 3. The characteristics of the unit fitted model for the RQD experimental variogram in the vertical directions
(Azimuth 0, Dip 0; Azimuth 45, Dip 0; Dip 70).

The sum of the squared residual error Domain

(SSR) (meter) Model Variogram Variable
43.45 Cubic
149.35 53.57 Spherical Upit RQD
variogram
912.97 Power
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