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1. Introduction

One of the most important phenomena that can make
extraction and mining activities difficult is the flow of ground
water into the pit of mines. The location and amount of water
entering the mine pit often depend on the area of permeable
zones that have expanded within the formations of the region.
Therefore, it is necessary to identify permeable zones and
areas to control the water entering the mine and place pumping
wells for drainage. One of the properties of porous stone is
permeability, which indicates the stone’s ability to transport
fluids. Often, the identification of permeable zones is done
using pumping test, Lugeon permeability test, and
geostatistical methods. Geostatistical methods have been
widely used to estimate the hydraulic parameters of the aquifer
and investigate the uncertainty of the hydrogeological and
geotechnical parameters.

Takht Gonbad copper mine as the study area of this
research is located 80 km northeast of Sirjan in Kerman
province, Iran. The mine is an open-pit mine, and mineral
extraction has been done in the early years. Field observations
show that a very thin soil layer of about one meter extends in
the area. Therefore, there is no alluvial aquifer in the study
area. Sixty-nine exploratory boreholes were dug in the area
around the mine pit, and during the drilling, the data of the
flush return percentage were recorded in the boreholes.
According to the current situation of the mine, where the level
of the pit floor of the mine is placed in hard rock aquifer, it is
necessary to determine the condition of the permeable zones
for mine drainage using geostatistical methods and consider
them in the future design of mine pit drainage system. Hence,
the objective of this research is identifying areas with high
permeability through determining the spatial correlation of
flush return percentage data and geostatistical survey.

2. Method

Statistical data of 69 exploratory boreholes are available in the
surrounding area of Takht-e-Gonbad mine pit, and a total of
4935 flush return percentage data were collected (Fig 1.). In
this research, exploratory-spatial analysis, declustering,

change-view modeling and simulation with successive
Gaussian method using Isatis software were performed on the
variable data of flush return percentage.
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Fig 1. Location map of flush return percentage data
in the stud area.

3. Results

The map of iso-potential lines around the mine showed that
the direction of ground water flow is from the east to the west
of the mine. The entry of this water into the pit creates a
problem for the mining activity, as is causes the instability of
the pit walls and huge costs in the blasting operation.

The results of the preliminary statistics showed that the flush
return percentage increases when depth increases.
Investigating the spatial continuity indicated that the spatial
continuity is approximately 252 meters and is more in the east-
west direction (Fig 2).
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Fig 2. The spatial continuity of flush return percentage on the variograms

4. Conclusion

The variable value map using Gaussian interpolation method
is more valid than interpolation methods without considering
spatial continuity. Moreover, the change of the variograms
showed that in the studied area, the spatial continuity of the
flush return percentage is greater in the east-west direction.
Therefore, it is more likely that the permeable zones have
expanded in the east-west direction. Finally, the simulation of
the flush return percentage shows that, in general, the potential
for the expansion of the permeable zones is higher in the
northeast and southwest areas of the mine.
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Identification of the Permeable Zones in the Takht-e-Gonbad Copper
Mine Using the Flush Return

Fereshteh Movahedi Reza Jahanshahi Naser Asadi, Sepideh Mali

Abstract This research was carried out in Takht-e-Gonbad open pit copper mine in Kerman province, located in 80 km
northeast of Sirjan. According to structural geology, this area is located in the Urumieh-Dokhtar Magmatic Arc. This
mine is currently in the early years of mineral extraction. The 69 exploration boreholes have been drilled in rock units
around the mine pit in which the flush return percentage during drilling were also collected. It is necessary to identify
areas with higher permeability in the rock units to design the dewatering plan in the future, so that, geostatistics and
simulation methods were used to analyze the flush return. The results of the preliminary statistics show the percentage of
the flush return increases with depth. Investigating the spatial continuity of this variable based on the variograms and
the spherical model shows that its spatial continuity is about 252 meters, with dominant elongation at the east-west
direction. Furthermore, the northeast and southwest portions of the mine are observed to have the largest permeability
using the geostatistical simulations by the Gaussian method.

Key Words Flush return, Gaussian simulation, Geostatic, Iran, Permeability.
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