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area cause that contaminants are transported in groundwater from the disposal site mainly 
towards the eastern and western foregrounds (Fig. 1), as well as northern, yet in the latter 
case with a slightly lower intensity which results from the geological structure of the 
analyzed site. The degree to which groundwater and surface water in the vicinity of the 
facility are contaminated is related to the use of highly saline water from mine drainage 
used for hydro-transport of tailings. Sludge supernatant water gathering in a central 
part on the deposition site is indicative of high concentration of chlorides amounting 
to 12,400 mg/dm3 and sulphates (on the average 2,950 mg/dm3) [16]. The supernatant 
pond water also contains heavy metals and microelements associated with copper 
ores processing, i.e. detergents, phenols, cyanides and xanthene’s [4]. The presence of 
heavy metals and toxic substances in the pond water creates an additional hazard. This 
impact is retarded by the sorption processes accompanying the effl uent leakage through 
tailings [11].

Numerical predictions of chlorides transport in groundwater near the facility have 
shown that technical protection is necessary to limit the groundwater pollution zone 
within the facility’s infrastructure [7, 20]. In order to capture and reduce the outfl ow 
of leachates from the disposal site, different types of horizontal drainage and a vertical 
drainage wells barrier were used (Figs 1 and 2). The wells decrease a groundwater 
head near the dams; in some areas the original groundwater fl ow directions are restored 
(i.e. preceding the construction of the facility in 1977). The concept of a vertical drainage 
wells barrier system was presented by S. Witczak in 1986 in his unpublished work, and 
then supplemented in [20].

Systematically expanded since 1991 (Table 1), the wells barrier near the facility has 
become an integrated part of a comprehensive drainage system capturing saline water 
seeping through tailings. At the end of 2010, the barrier consisted of 46 active wells: 
20 wells along the eastern dam, 10 wells along the northern dam and 16 wells along the 
western dam and its foreground [16].

Method
The loads of major contaminants captured by the wells barrier, NaCl and CaSO4 loads 
were evaluated on the basis of annual calculations performed in the years 1991–2010. 
The source information was acquired from the SYZEM database (SYstem ZElazny 
Most), which contains monitoring data of the facility and groundwater in its vicinity [16].

The fi rst stage involved calculation of average daily concentrations of Cl, Na, SO4 
and Ca in particular wells and average daily wells discharges. Although concentrations of 
Na, Cl, Ca, SO4 in discharged water varied in time, they were measured only a few times 
a year. For the sake of simplicity, it was assumed that the concentrations of particular ions 
in groundwater were constant between measurements; they were additionally taken to be 
the mean values of two consecutive measurements. 

Discharges of individual wells also varying in time. In order to obtain an annual 
average of wells discharges, the values of pumped out water indicated by water meters 
was subtracted from the values measured at the end of year, then divided by 365, as 
a result of which a daily discharge of wells was obtained.

The methodology used for calculating NaCl and CaSO4 loads was given on the 
example of NaCl. An analogical approach was used for calculating CaSO4 load. The Na 
and Cl concentrations in leachates captured by wells, expressed in mg/dm3 were converted 
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RESULTS AND DISCUSSION

Major contaminants load captured by the barrier
Figure 3 shows Na and Cl loads expressed as NaCl, as well as SO4 and Ca loads expressed 
as CaSO4 compounds captured within a year by drainage wells barrier near the facility in 
the years 1991–2010 versus saline water volume abstracted annually. Within 20 years the 
wells barriers captured as much as 53,069,915 m3 of saline leachates from the disposal 
site. The accumulated NaCl and CaSO4 loads amounted to 363,523 Mg and 119,097 Mg, 
respectively. In terms of volume, this would correspond to 165,091 m3 and 49,194 m3, 
respectively. These immense quantities of contaminations were captured by the barrier, 
and thus the negative impact on water environment in a function of time (Fig. 3) and in 
a function of space (Fig. 5, Table 2) could be notably reduced.

 

Fig. 3. Time series of chlorides and sodium loads as NaCl and sulphates and calcium as CaSO4 
captured yearly by the wells barrier near the facility, and abstracted saline water (Q) 

With time the amount of highly polluted leachates pumped out annually systematically 
rose from 904,840 m3 in 1991 to over 4,000,000 m3 in the years 2005–2010. This fourfold 
increase was mainly caused by a systematic growth of the number of wells in the 
barrier, particularly in 1998, 2001 and 2003 (Table 1). As a consequence, between 
the barrier’s offset in 1991 and 2010, one could observe an almost eightfold increase 
the NaCl load captured by the barrier each year. The correlation between the mass 
of contaminations captured annually and the amount of water abstracted by wells is 
presented in Fig. 4.

After the year 2005 the abstracted saline water volumes stabilized as the wells 
reached their maximal possible yields attainable in given hydrogeological conditions 
of the facility area. However, the load of major contaminants captured by the barrier, 
especially chlorides, is still signifi cantly growing. The amount of NaCl removed in 
2004 (29,140 Mg) increased to 36,130 Mg/year in 2010. The yearly yields of the entire 
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decreased from about 180,000 m3 in the years 1992–1994 to about 95,000 m3 in the 
years 2008–2010. However, the environmental impact of an average well doubled 
in this period from about 400 Mg/year to about 850–900 Mg/year (Fig. 6). This was 
connected with the increasing content of major components in the captured leachates 
as a function of time. This confi rms that the effi ciency of the barrier was systematically 
increasing.

Table 3. Chlorides and sodium loads as NaCl and sulphates and calcium as CaSO4 [Mg] captured within 
a year by a single well near the facility compared to saline water abstracted by a single well

Years Abstracted 
water, [m3]

Load
Years Abstracted 

water, [m3]
Load

NaCl CaSO4 NaCl CaSO4

1991 104 021 291.9 101.8 2001  119 051 792.5 246.6

1992 183 153 391.0 164.3 2002  113 791 729.0 237.0

1993 148 999 294.5 152.5 2003  121 180 840.9 286.7

1994 182 830 499.2 209.0 2004  123 296 852.6 295.8

1995 135 847 482.5 178.7 2005  112 323 794.2 277.1

1996 106 096 449.4 170.6 2006  114 024 922.5 290.1

1997 138 861 478.2 180.0 2007   96 789 859.8 242.0

1998 102 792 514.9 184.6 2008   96 275 830.4 234.8

1999  92 274 561.9 180.0 2009   94 945 849.9 240.6

2000  66 597 472.0 160.5 2010   92 610 921.7 242.9

Total 2 345 754 12 829.6 4 276.0

Figure 6 illustrates time series of NaCl load changes captured by an average well 
around the entire facility and in parts of the barrier along the eastern, western and northern 
dams. The spatial comparison indicates a constant increase of NaCl load removed by an 
average well in the northern part of the barrier. This may mean that wells along this 
dam were located in groundwater privileged fi ltration zones, spanning from the facility 
towards its foregrounds, and abstracting highly contaminated leachates. Similarly, a rapid 
increase of NaCl loads captured by a single well near the western dam in 1994 and eastern 
dam in 2001 confi rms that the successive wells were properly located, i.e. on the main 
pathways of groundwater outfl ow from the facility to its foreground and nearby water 
courses.

A decrease in mean NaCl loads received from 2007 by a single well in the western 
barrier resulted in launching two wells located at a greater distance from the western 
dam (Fig. 1). As in 2007, the highly contaminated groundwater did not reach this area 
yet, these wells captured much lower contaminant loads than the remaining wells. 
The disproportions in the effi ciency of wells distributed in different points around 
the disposal site became smaller in the time function, thus increasing the overall 
effectiveness of the entire barrier.








