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1. Introduction

Pollution of groundwater from the sources such as waste disposal sites, is a worldwide problem. Mining of
mineral ores and disposal of resulting waste pose a significant risk to ground water. Sungun copper mine
tailings dams in East Azarbaijan province is located in basin Zarnekab (a brunch of Ahar chay main basin).
This tailing dam supply storage of 270 million cubic meters for semi-solid waste. With a final height of 186
meters. This dam is a kind of upward tailings dam with clay core and current height of 115 meters. Any leak
from tailing dams can be an environmental hazard specially if there is a main river like Aras is in the
downstream. This is an investigation on the probable leak from abutments of Sungun tailing dam using
geotechniques and hydrochemical evidences, which the latter rarely used for such investigations.

2. Geological properties

The site is situated in a region of mid to late Tertiary (Oligocene) volcanic activity and tectonics. Calc
Alkaline volcanic rocks, mainly of Andesite, Trachyandesite (Latite) and Dacite compositions with isolated
basaltic lava flows are known in the general site area. Trachyandesite is the fine grained equivalent of
Monzonite which forms the main body of the Sungun Porphyry deposit. In places the rock is highly altered
and appears as a pale yellow and off-white highly weathered clayey material with an amorphous texture.
These highly altered zones have a rather random distribution and can be seen in many of the recent road
cuttings throughout the mine site as a whole. Much of the ridge/bluff at the western end of the northern
abutment appears to be highly altered, although the depth or continuity of the alteration is difficult to
ascertain. On the northern valley side, several north easterly trending dykes are present, which comprise a
slightly more andesitic material, typically moderately weathered and of high strength. At the dam site, the
northern side of the valley (left abutment) is steeply sloping and poorly vegetated with surface rock outcrops
over much of the exposed surface. The southern side of the valley (Right abutment) has a more subdued relief
with virtually no rock outcrops and is used for pasture and arable farming.

3. Methodology

The most usual method to predicting permeability of rock formations is Lugeon test. In this study, 76
Lugeon test were selected to determine the hydromechanical behavior of abutments of the dam. Some of the
boreholes were drilled during the previous study phases but three of them (L2, Rz, and V1) were drilled to
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accurate the permeability of the abutments (Fig. 1). In some of distinctive depths (50 upto 70 meter in left
abutment) Lugeon number increased abnormally that can cause serious seepage problem.

In the other hand sampling of groundwater and surface water done to compare wastewaters
hydrochemical combination with other sampling stations as a tracer. Sampling stations divided into 3 parts:
Upstream, downstream pollution sources stations. Pollution sources stations are ST-A-TD (tailings dam
station) and ST-A-SD (seepage dam station). Upstream stations (ST-A-S-005, ST-A-S-007, ST-A-S-084, ST-A-S-
092) located at upgradient of dam storage and so cannot be impacted by waste water. Downstream stations
(ST-A-R-002, ST-A-R-004, ST-A-R-006, ST-A-R-100, ST-A-S-000, ST-A-S-130) are located downgradient
related to the dam axces and are used to detect relationship between the wastewater and downstream
springs and seepage faces.

4. Results and discussion

To study in more details. Lueon test were done in every borholes and noted (Table 1). By increasing depth
of driling Lueon number and the rock quality should be better and issue of seepage could be forgeted but in
depths 50 upto 70 meter in left abutment and from depth 55 upto 70 in right abutment, Lueon numbers have
increased substantially (more than 60 Lu) and possible to allow water to escape and distinguish a crushed
zone. After much study results indicate that we have large amount of crush area that made the rock like soil
(specially in 50 upto 65 meter) and issue of water escape is serious so more and more detailed studies feel.
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Fig. 1. Study area and boreholes

Table 1. Lueon number around borholes of tailings dam

Lueon number Right abutment Left abutment
Lus2 %3.03 %12.82
2<Lus10 %72.7 %53.84
10<Lus30 %21.2 %23.07
30<Lus60 %3.03 %0

60<Lu %0 %7.6
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4.2. Left Abutment

In this Abutment, 39 Lueon test were done in boreholes L1 and L2 which showed permeability about 2-10
Lu and 10-30 Lu respectivel which shows a low up to median permeability. However, it can be dangerous in
future by increasing of head enhancing of wastewater level behind of the dam. In the most of tests which done
in the site, turbulent and dilation hydromechanical behavior of joints were dominant which can be a negative
characteristic in dam building.

4.3. Right Abutment

In right abutment, 33 Lueon test carried out in R1 and R2 boreholes which drilled in 115 and 75-meter
depth, respectively. According to Table 1, Lugeon numbers are in the range of 2-30. Which demonstrates
median permeability for this abutment. Turbulent and dilation hydromechanical behavior is more than
laminar behavior so, seepage threat will be serious regarding that heavy metal pollution and other harmful
parameters are accumulated behind dam.

4.3. Hydrochemical investigation

In order to find any clues of seepage from the abutments and also to find relationship between
groundwater of the area, samples were collected four times (fall, winter 92 and spring, summer 93) and
analyzed for hyrochemical parameters and ions. The parameters that have high concentration in the pollution
sources, such as electric conductivity, sulphate, potassium and heavy metals are used as tracers for seepage
from the abutments.

According to the analysis results there is no anomaly in the downstream stations related to the above
mentioned parameters regarding upstream stations. So, there is no evidences about seepage problem. High
concentration of some parameters in samples ST-A-S-000 is not related to seepage from tailing dam, it is
because of influence of rural sewage and animal waste leachates near the springs.

4., Conclusions

Permeability test in the both abutments showed a low to median permeability and hyromechanical
behavior of joints in most of tests was turbulent and dilation. A crushed zone in depth 50 to 70 meter was
obvious in drilling cores. Also, the results of hydrochemical investigation showed that there is no relationship
between the tailing dam stations (ST-A-TD), seepage dam station (ST-A-SD) as source of contamination and
other sampling stations.

So at the moment there is no seepage problem from the abutments of Sungun tailing and seepage dam, but
geothechnical investigations showed in the future by enhancing water level of dam storage, seepage can be
probable which will be dangerous for downstream environment and ecosystems. Designing and
implementation of a monitoring network (borehole) in the abutments and regularly monitoring of boreholes
and springs is recommended.
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