
Abstract: The possibilities of wetland preserva-
tion within the depression cones  of limestone and 
marl mines at Leśnica-Małogoszcz and Bukowa 
in the circumstances of deepening the level of ex-
ploitation. As a result of enlarging the depth of 
exploitation of raw rock material deposits of marl 
and limestone at Leśnica-Małogoszcz (Przed-
borsko-Małogoskie Range – Świętokrzyskie 
Voivodeship), initially to the level of +215 m 
a.s.l. and then +200 m a.s.l., a mine depression 
cone will develop, which may threaten the exist-
ence of wetlands included in the Natura 2000 net-
work. The wetlands are present in the pre-gorge 
section of Łososina river fl owing through Grząby 
Bolmińskie and Gnieździskie Hills, at the mouth 
section of its hydrometrically ungauged tributary 
– the Wrzosówka river. In the study there has 
been demonstrated the possibility of preserv-
ing the current state of moisture content of the 
habitats which exist here, taking into account the 
quantitative characteristics of the components of 
water cycle and morphological conditions. The 
analysis of water resources has shown that under 
the conditions of a functioning mine depression  
cone, they will be suffi cient to supply endan-
gered wetlands and enable their irrigation. The 
solutions of an ecohydrological character have 
also been put forward which would compensate 
the loss of water in the area within the open-pit 
mine depression cone. This would require the 
construction of dams (e.g. artifi cial rapids) in the 
Wrzosówka river bed and a system of ditches at 
the bottom of its valley.

Key words: open-pit mine, mine depression cone, 
wetlands, Małogoszcz

INTRODUCTION

Open-pit mines affect the aquatic envi-
ronment not only within the area of ex-
ploitation, but also, in an indirect way, in 
the area of mine depression cones, which 
surface area may considerably exceed  
the area of a mining excavation.

The reference sources are dominated 
by studies on the infl uence of open-pit 
mine exploitation of underground lignite 
deposits on groundwaters and surface 
waters over large areas in the region of 
Konin, Turek, Bełchatów and Turoszów 
(i.a. Choiński, 1978, Wilk, 1990, 1999, 
2003, Maksymiuk, 2002, Wilk and 
Bocheńska, 2003, Wilk and Kulma, 2004, 
Jończyk et al., 2005, Motyka et al., 2007, 
Stachowicz and Szczepiński, 2007). 
Rock materials mines, in turn, gener-
ally cause local changes in the aquatic 
environment. In most cases, the exploi-
tation of these deposits is held above the 
groundwater table or is performed in 
impermeable rocks, without causing the 
formation of large cones of depression. 
In Poland, the biggest transformations of 
this type occur in Świętokrzyskie region, 
especially in the so-called Białe Zagłębie, 
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where the exploitation goes below the 
groundwater table (Szczepański, 1982, 
1987, Herman et al., 1991, Biernat et al., 
2004, Suligowski et al., 2009, Ciupa et 
al., 2011, Prażak, 2012). Therefore, in 
order to maintain the extraction process, 
an open pit dewatering is indispensable, 
which is an indirect result of the forma-
tion of cones of depression on the surface  
and the disappearance of hydrographic 
objects. Similar hydrogeological and 
hydrographic effects will presumably 
appear around other carbonate raw ma-
terials mines, i.a. Leśnica-Małogoszcz 
and Bukowa.

The open-pit marl and limestone 
mine of Leśnica-Małogoszcz, run by 
Lafarge Cement SA for the needs of 
Małogoszcz Cement Factory is lo-
cated within Przedborsko-Małogoskie 
Range, in Świętokrzyskie Voivodeship. 
The current surface mining area is 297 
ha, including excavation – 70 ha. Cur-
rently, the level of mining exploitation 
reaches here +230 m a.s.l., but in the 
near future, the exploitation of raw rock 
materials is planned, fi rst to the level of 
+215 m a.s.l. and then +200 m a.s.l. At 
the distance of approximately 5 km from 
the Małogoszcz Cement Factory in the 
NW there is a similar in size limestone 
mine at Bukowa (respectively: 3.49 km2 
and 74.6 ha), where the exploitation of 
raw materials is implemented at similar 
levels. This property is managed by 
Lhoist Bukowa sp. z.o.o.

It is predicted that during the exploi-
tation of carbonate rocks at the lower 

levels, the existing mine depression cones 
will deepen and widen, as the result of  
the need for mine dewatering: Leśnica-
-Małogoszcz and Bukowa. Locally, there 
will be a conjunction of the cones and 
this will cause cumulative effects in the 
natural environment, especially within 
the existing wetlands, along with valu-
able habitats (Dokumentacja hydrogeo-
logiczna..., 2012a, b, Przemyski et al., 
2012). Lowering the water abundance in 
the forest areas will be mostly noticeable 
in wetland and humid habitats, causing 
damage to the tree stand.

The aim of the study is to determine 
the hydrological effects associated with 
the development of the depression cone, 
resulting from extending the depth of 
mining of marl and limestone deposits in 
Leśnica-Małogoszcz and Bukowa areas, 
at wetlands located in the basin of the 
Wrzosówka river as well as presenting ac-
tion proposals aiming at the preservation 
of the current state of moisture conditions 
of the habitats existing here, taking into 
account the quantitative characteristics of 
the components of the water cycle.

MATERIAL AND METHODS

A variety of methods, tools and research 
techniques of a local character have been 
implemented in the study (the elabora-
tion of the existing archival and carto-
graphic materials), as well as fi eld and 
study. These works included:

delimitation of the Wrzosówka river 
catchment including wetlands, on the 
basis of Digital Elevation Model;

−
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cartometric analysis based on them-
atic maps in the scale of 1 : 50 000 
(hydrographic, sozological, geolo-
gical), topographic in the scale of 
1 : 10 000 and orthophotomaps;
determination of characteristic and 
inviolable fl ows as well as runoff 
using different methods from the un-
gauged Wrzosówka catchment – a 
description of the methods used are 
presented in the concluding part;
proposals for measures aiming at 
maintaining the adequate moisture in 
the currently existing wetland areas 
of the Wrzosówka river valley, which 
may be found within the predicted 
mine depression cone.

STUDY AREA

The main object of interest are wetlands 
with their natural habitats located at the 
bottom of the Wrzosówka river valley 
(stream from Skorków), which in the 
predicted increase of the range within 
the depression cone around the mine 
in Małogoszcz may undergo drainage. 
The hydrological characteristics of these 
areas may not be limited only to the re-
stricted range of the exploited deposit 
and the cone of depression, and should 
be carried out within the natural hydro-
graphic units which are river basins. It 
is especially justifi ed when the analysis 
of the aquatic environment is performed 
with the consideration of  the balance 
recognitions.

For this purpose, the Wrzosówka 
catchment has been distinguished – the 

−

−

−

4th order. The Wrzosówka stream of a 
length of 7.86 km, an average slope of 
0.26% , fl owing to Łososina (the 3rd or-
der) at 8.2 km of its fl ow (4.3 km above 
the water gauge IMWM in Bocheniec). 
Łososina forms here a gorge  across 
Grząby Bolmińskie and Gnieździskie 
Hills, near the village of Zakrucze. 
Above the gorge the accumulative plains 
were formed, which are wetlands and re-
cently superstructured biogenic mineral 
sediments (Sołtysik, 2002, Rodzik et al., 
2008). At the bottom of the Wrzosówka 
river valley the existing wetlands also 
arose over morphological constrictions. 
In part, they are also subject to existing 
railway and road embankments (Fig. 1).  
There have developed valuable alder 
riparian forests and swamp forests over 
them, recognized as a priority in the EU 
Habitats Directive. This area is protect-
ed under the Natura 2000 network called 
Chęciny-Kielce Hills (PLH260041) 
and Konecko-Łopuszański Protected 
Landscape Area. The habitats protected 
here may, however, be at risk due to an 
expanding depression cone of Leśnica-
-Małogoszcz mine. Its area at the current 
level of exploitation (+232.0 m a.s.l.) is  
3.37 km2, and the planned +215.0 and 
+200.0 m a.s.l. respectively 18.3 and 
29.0 km2. The depression cone is expect-
ed to have an irregular shape, elongated 
in the NW-SE direction (Dokumentacja 
hydrologiczna…, 2012a). At the level 
of exploitation of +215.0 m a.s.l. it will 
cover the towns of Leśnica, Zakrucze, 
the northern part of Małogoszcz and 
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FIGURE 1. The location of wetlands in the Wrzosówka river basin (the section of Tory and Ujście), 
including the ranges of the depression cones caused by the exploitation of limestone and marl deposits 
of Leśnica-Małogoszcz and Bukowa. 1 – rivers, 2 – drainage divide, 3 – open pit, 4 – cone of depres-
sion in 2011, 5 – wetlands

FIGURE 2. The suggested location of the thresholds-riffl es and the ditches irrigating the wetlands with 
valuable natural habitats in the Wrzosówka river valley. 1 – streams, 2 – drainage divide, 3 – open pit, 
4 – cone of depression in 2011, 5 – predicted cone of depression (LM-200 – Leśnica-Małogoszcz mine, 
exploitation at the +200 m a.s.l., B-220 – Bukowa mine,  exploitation at the +220 m a.s.l.), 6 – suggested 
ditches irrigating during exploitation in the Leśnica-Małogoszcz mine at the +215 m a.s.l., 7 – suggested 
ditches irrigating during exploitation in the Leśnica-Małogoszcz mine at the +200 m a.s.l., 8 – piezometer, 
9 – threshold-riffl e during exploitation in the Leśnica-Małogoszcz mine at the +215 m a.s.l., 10 – thresh-
old-riffl e during exploitation in the Leśnica-Małogoszcz mine at the +200 m a.s.l., 11 – wetlands



The possibilities of wetland preservation within...    341

Parcele. At  the level of exploitation of 
+200.0 m a.s.l. the cone will approach 
to the village of the Wrzosówka in the 
north, Mieronice in the south, it will cov-
er part of Łososina river valley and near 
Skorków it will connect with the cone 
created around Bukowa mine (Fig. 2).

Currently, the waters coming from the 
pit dewatering in Leśnica-Małogoszcz 
quarry are directed to the ditch escaping 
directly to Łososina. In turn, the waters 
from the pit in Bukowa are discharged 
through a ditch to the Wrzosówka river.

RESULTS

The runoff characteristics of hydromet-
rically uncontrolled streams are deter-
mined by indirect methods and empirical 
formulas (Byczkowski, 1996). Wrzosów-
ka is such a stream. For the purposes of 
hydrological analysis the catchment of 
the Wrzosówka river has been divided 

into two parts, i.e. the cross-section of 
Tory (near the village of Wrzosówka) 
– 18.44 km2, and the cross-section of 
Ujście – 23.23 km2.

Mean annual fl ow (SSQ) has been 
calculated using three methods: specifi c 
runoff, Iszkowski modifi ed by Bycz-
kowski and Punzet. The calculated val-
ues of both mean annual fl ow (SSQ) and 
mean of minimum annual fl ow (SNQ) 
are similar (Tables 1, 2). 

In order to know the annual regime of 
runoff, using the method of river analo-
gy, the runoff and fl ow have been de-
termined – average of minimal (respec-
tively: SNq and SNQ) of the Wrzosówka 
river in the cross-section of the Tory and 
Ujście (Table 3). The fi rst one is asso-
ciated with the underground runoff, the 
other – with the inviolable fl ow deter-
mined by Małopolska method.

In the annual cycle there are two 
climaxes of the Wrzosówka river un-

TABLE 1. The results of calculations of mean  annual fl ow – SSQ of the Wrzosówka river

Cross-
-section

Method
Specifi c runoff Iszkowski Punzet

SSq·A 0.0317·c·P·A 21.576·P2.06·i0.065·N–0.044·A
Tory 99.6 99.2 89.3
Ujście 125.4 124.9 110.8

SSq – specifi c runoff: 5.4 dm3·s–1·km–2 – specifi c runoff from the Łososina catchment at the Bocheniec 
water gauge in period 1961–1995;

A     – the catchment area in the calculating cross-section: Tory – 18.44 km2, Ujście – 23.23 km2;
c     – runoff coeffi cient: 0.27 – weighted average (taking into account the physiogeographical charac-

teristics of the catchment);
P     – average of annual precipitation total: 628.2 mm (0.6282 m according to Punzet model) – area aver-

age of annual precipitation total in the Łososina catchment in 1971–1990;
i       – stream gradient: Tory – 0.00361 km/km,  Ujście – 0.00261 km/km; based on the analysis of the 

topographic map in scale of 1: 10 000; 
N    – coeffi cient characterizing the permeability of soils: Tory – 48, Ujście – 42; using hydrographic 

map in a scale of 1 : 50 000.



342    T. Ciupa, R. Suligowski

derground runoff observed: the fi rst 
in November (Tory – 2.8 dm3·s–1·km–2, 
Ujście – 3.5 dm3·s–1·km–2), and the sec-
ond in March (respectively 2.6 and 3.3). 
The lowest values were determined in 
July (Tory – 1.7 dm3·s–1·km–2, Ujście – 
2.2 dm3·s–1·km–2). It follows that the un-
derground runoff is much higher in the 
warm hydrologic season than in the cold 
season.

The results of fl ow calculations were 
compared with the results of measure-
ments of fl ow using the propeller-type 
current meter in the Wrzosówka river at 
cross-section Ujście, taken during hy-
drographic mapping in July 2004 and 
2013, during non-precipitation period, 
in similar hydrometeorological condi-

tions. In 2004, the fl ow of 45 dm3·s–1 

was documented (Biernat et al., 2004), 
and in 2013 – 43 dm3·s–1. It follows that 
the average of minimum fl ows in recent 
years remain stable here.

Average annual total runoff (Hc), 
depending on the method used, in the 
Wrzosówka catchment varies from: 
152.7 to 170.3 mm (Tory) and from 
150.4 to 170.2 mm (Ujście). On the 
other hand, the average annual total un-
derground runoff (Hg) in the catchment 
area, depending on the method used, 
varies from 72.5 to 88.2 mm (Tory) and 
from 69.4 to 88.2 mm (Ujście).

The formation of a  depression cone 
is always associated with a disorder of 
water relations in the area of its cover-

TABLE 3. Average of monthly specifi c runoff – SNq and fl ow – SNQ of the Wrzosówka river
Cross-
-section

 Months
XI XII I II III IV V VI VII VIII IX X

SNq [dm3·s–1·km–2]
Tory 2.8 2.6 2.1 2.5 2.6 2.5 1.9 1.8 1.7 1.8 2.0 2.3
Ujście 3.5 3.2 2.6 3.2 3.3 3.1 2.4 2.2 2.2 2.3 2.5 2.9

SNQ [dm3·s–1]
Tory 64.5 59.6 47.9 58.4 60.2 57.2 43.6 41.2 40.6 41.8 46.1 52.9
Ujście 81.3 75.1 60.4 73.6 75.9 72.0 55.0 51.9 51.1 52.7 58.1 66.6

TABLE 2. The results of calculations of mean of minimal annual fl ow – SNQ of the Wrzosówka river 

Cross-
-section

Method
Specifi c runoff Byczkowski and Mandes

SNq·A 4.01·10−11·(1 + Jez)10.9·P3.8·D–0.032·A
Tory 51.6 42.4 
Ujście 65.0 51.1

SNq – average of minimal annual specifi c runoff: 2.8 dm3·s–1·km–2 – values of average of minimum annual 
specifi c runoff from the Łososina catchment at Bocheniec water gauge in period 1961–1995; 

Jez   – rate of catchment pondage:  0.01% – the surface of  existing water reservoirs in 2013;
D    – stream density in the catchment area: Tory – 0.57 km/km2,  Ujście – 0.65 km/km2; based on the 

topographic map in scale of 1: 10 000.
Other explanations as under Table 1.
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age. Negative effects may be limited 
here, but it requires a number of ac-
tivities, starting with the quantitative 
determination of hydrological effects. 
It is necessary, therefore,  to suggest 
solutions of a ecohydrological charac-
ter (including hydrotechnical engineer-
ing), which would compensate the loss 
of water in the area. Thus, the question 
arises whether there are suffi cient water 
resources in the Wrzosówka catchment 
that could be used for the purposes of 
habitats irrigation and preventing their 
degradation. At the same time it should 
be emphasized that for the hydration 
of endangered habitats the water from 
the Małogoszcz mine is not expected 
to be used, because they are discharged 
into Leśnica steam, fl owing directly to 
Łososina. The transfer of these waters 
to the Wrzosówka catchment would be 
very expensive and diffi cult from an or-
ganizational and technical point of view. 
In addition, the chemical composition 
of these waters would affect adversely 
protected natural habitats. An alternative 
for maintaining adequate soil moisture 
within the existing wetlands, but as-
sociated with incurring large expendi-
tures would be to build a water intake 
from the Łososina river bed near the 
Wrzosówka river mouth and transfer the 
water through a pipe – installed in the 
bed zone, upstream to the places where 
main ditches originate, and from there 
by gravity – through the side ditches.

For the purposes of balance sheets, 
all the components of water cycle (natu-

ral and anthropogenic) are compiled in 
the form of runoff using the formula:

ΔH = Hgz + Hp + Hz – Hn            (1)

where:
ΔH – total runoff taking the losses into 

account [mm];
Hgz – underground runoff reduced by the 

losses within a depression cone 
[mm];

Hp – surface runoff [mm];
Hz – discharge of water from the Lhoist 

Bukowa mine [mm];
Hn – tributary to the area of natural 

habitats within a depression cone 
[mm].

The calculated total runoff (ΔH) in 
two sections takes into account the un-
derground runoff reduced with water 
loss within the cones (Hgz), surface run-
off (Hp), supply from the discharge of 
water from the Bukowa mine (Hz) and 
the infl ow of water to the area of natural 
habitats within the depression cone (Hn).

In further calculations there are two 
variants taken into consideration: an op-
timistic and a pessimistic one. The fi rst 
one is identifi ed with the highest total 
runoff in mm (calculated using the spe-
cifi c runoff), and the other – with the 
lowest runoff (Punzet method).

The underground runoff (Hgz) was 
calculated on basis of the average mini-
mal fl ow (SNQ) determined by the two 
empirical methods discussed above. The 
higher value – calculated by the specifi c 
runoff method, was used to analyze the 
runoff in the optimistic variant and the 
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lower one (by Byczkowski and Mandes 
method) – pessimistic. It is assumed that 
the surface runoff (Hp) makes the differ-
ence between the total runoff (Hc) and 
the underground runoff (Hgz).

Having taken into consideration the 
range of mine depression cones in sub-
sequent stages of exploitation of depos-
its at Leśnica-Małogoszcz and Bukowa 
there was carried out a simulation of un-
derground runoff at different levels of al-
titude (Hgz) under the infl uence of mine 
depression cones. It was assumed that 
within each depression cone the ground-
water charge of each stream will disap-
pear, and it will occur in other parts of 
the basin. On this basis the weighted val-
ue of underground runoff rate from the 
catchment has been estimated. It will be 
highly spatially variable and dependent 
on the considered level of exploitation 
and the adopted variant of analysis (op-

timistic, pessimistic).  For example, the 
expected exploitation of the Małogoszcz 
mine at +215 m a.s.l. will result in the 
absence of surface runoff within 11.4% 
of the Wrzosówka river catchment  in 
cross-section of the Tory, and in the 
cross-section of Ujście – 23.1%. The 
surface runoff rate will decrease here, 
respectively from 0.52 to 0.45 (Tory) 
and from 0.52 to 0.39 (Ujście). This 
means reducing the underground run-
off (Hgz) in the considered catchments 
to the level of: in an optimistic variant 
– 78.1 mm (Tory) and 68.0 mm (Ujście), 
and respectively a pessimistic one – 
64.2 and 53.4 mm (Table 4). 

One of the components of the river 
water balance is also infi ltration rate 
of river water within the boundaries 
of the predicted cone of depression. It 
will be small, because the lowering of 
the groundwater table in the marginal 

TABLE 4. Results of runoff calculations from the Wrzosówka catchment including the impact of
a depression cone of the Małogoszcz mine, at the level of exploitation of +215 m a.s.l.

Cross-
-section Variant Hc Hz Hgz Hp Hn ΔH Hnh ΔH – Hnh

mm

Tory
optimistic 170.31 14.3A 78.11 82.1

0.3
174.2 92.23 +82.0

pessimistic 152.72 14.3A 64.23 80.2 158.4 112.21 +46.2

Ujście
optimistic 170.21 14.3A 68.01 82.0

2.8
161.5 88.23 +73.3

pessimistic 150.42 14.3A 53.43 81.0 151.5 112.21 +39.3
Hc   – total runoff in the current conditions;
Hnh – hydrobiological inviolable runoff (by the method of specifi c runoff);
1       – calculated using the specifi c runoff method;
2            – calculated by Punzet method;
3       – calculated by Byczkowski and Mandes method;
A     – the current value of pit dewatering of the Bukowa mine was adapted at a minimum level, i.e. 

0.5 m3·min–1 (Dokumentacja…, 2012b).
Other explanations as in equation (1).



The possibilities of wetland preservation within...    345

zone of cone of depression is usually 
very small (less than 1 m). It has been 
assumed that its value is within the lim-
its of computational error for other ele-
ments of the balance sheet and can be 
completely ignored in the calculations.

Currently, as a result of dewatering 
the Bukowa mine there occurs the wa-
ter discharge into the Wrzosówka stream 
in the dimension of 0.5–1.0 m3·min–1 
(Dokumentacja…, 2012b). For the cal-
culations there were two values adapted 
depending on the considered level of 
exploitation and a predicted variant of 
development of hydrogeological state. 
The volume of the water discharged 
was converted into runoff (Hz), which 
is, respectively, 14.3 and 28.6 mm. It is 
worth noting that the predicted volume 
of the discharges from the Bukowa mine, 
while reducing the exploitation, are still 
much higher than those adopted in the 
study (Dokumentacja…, 2012b), and 
then should not be discharged into the 
Wrzosówka stream, due to the high con-
tent of calcium carbonate which would 
cause excessive alkalinization of water 
and wetland habitats in the Wrzosówka 
river valley. 

The analysis of the water needs of 
two wetlands was conducted by calculat-
ing their water supply (Hn) necessary to 
maintain a good ecological status. It was 
assumed that this state will be adequate 
if the underground runoff from these 
areas, in the case of formation of mine 

depression cones, remains at the present 
level. The calculations indicate that to 
maintain the adequate soil moisture of 
wetland habitats above the Tory cross-
-section, which cover a small area within 
the mine depression cone (approx. 7 ha 
– exploitation at the Małogoszcz mine 
at +215 m a.s.l., approx. 45 ha – at the 
level of +200 m a.s.l.), it is necessary in 
the fi rst variant not more than 6,000 m3 
of water per year, and in the second one 
approx. 37,000 m3. This corresponds 
with the runoff from the whole basin of 
the Tory cross-section – 0.3 and 2.0 mm 
(Table 4). In turn, for the Ujście cross-
-section these values would be respec-
tively: 64,000 and 95,000 m3 (2.8 and 
4.2 mm).

Subsequently, these results were  
related to the value of hydrobiological 
inviolable runoff (Hnh), which was de-
termined in accordance with common-
ly accepted methodology (Kostrzewa, 
1977, Witowski et al., 2001). On this 
basis the difference between the total 
runoff (ΔH) (mm) and inviolable run-
off (Hnh) was determined. The posi-
tive values of the runoff obtained in 
this way indicate, that the water sup-
plies in the Wrzosówka catchment, in 
the conditions of existing depression 
cones connected with the exploitation 
of deposits at different levels, will be 
suffi cient to charge the endangered 
wetlands. The calculation results are 
shown in Tables 4–7.
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The prediction of hydrological effects 
resulting from impact of mine depres-
sion cones on the water environment of 
the Wrzosówka catchment carried out in 
four variants, with particular emphasis 
on wetlands, showed that the optimistic 
variant the inviolable runoff will always 

be exceeded, and the surplus in the sec-
tion of the Tory and Ujście cross-sec-
tions will range respectively from 38.8 
to 82.0 and 41.9 to 73.3 mm (Tables 
4–7). They can also take positive values 
in the situation of the absence of water 
discharge from the Bukowa mine, which 

TABLE 5. Results of runoff calculations from the Wrzosówka catchment including the impact of 
a depression cone of the Małogoszcz mine, at the level of exploitation of +200 m a.s.l.

Cross-
-section Variant Hc Hz Hgz Hp Hn ΔH Hnh ΔH – Hnh

mm

Tory
optimistic 170.31 14.3A 57.51 82.1

2.0
151.9 92.23 +59.7

pessimistic 152.72 14.3A 47.33 80.2 139.8 112.21 +27.6

Ujście
optimistic 170.21 14.3A 51.71 82.0

4.2
143.8 88.23 +55.6

pessimistic 150.42 14.3A 40.73 81.0 131.8 112.21 +19.6
Explanations as in equation (1).

TABLE 6. Results of runoff calculations from the Wrzosówka catchment including the impact of de-
pression cones of the: Małogoszcz mine –  level of exploitation +215 m a.s.l. and Bukowa mine – level 
of exploitation +220 m a.s.l.

Cross-
-section Variant Hc Hz Hgz Hp Hn ΔH Hnh ΔH – Hnh

mm

Tory
optimistic 170.31 28.6B 33.11 82.1

0.3
143.5 92.23 +51.3

pessimistic 152.72 14.3A 27.23 80.2 121.4 112.21 +9.2

Ujście
optimistic 170.21 28.6B 32.11 82.0

2.8
139.9 88.23 +51.7

pessimistic 150.42 14.3A 25.33 81.0 117.8 112.21 +5.6

Explanations as in equation (1).

TABLE 7. Results of runoff calculations from the Wrzosówka catchment including the impact of de-
pression cones of the: Małogoszcz mine – level of exploitation +200 m a.s.l. and Bukowa mine – level 
of exploitation +200 m a.s.l.

Cross-
-section Variant Hc Hz Hgz Hp Hn ΔH Hnh ΔH – Hnh

mm

Tory
optimistic 170.31 28.6B 22.31 82.1

2.0
131.0 92.23 +38.8

pessimistic 152.72 28.6B 18.33 80.2 125.1 112.21 +12.9

Ujście
optimistic 170.21 28.6B 23.71 82.0

4.2
130.1 88.23 +41.9

pessimistic 150.42 28.6B 18.73 81.0 124.1 112.21 +11.9
B – the current value of pit dewatering of the Bukowa mine was adapted at a maximum level, i.e. 
1.0 m3· min–1 (Dokumentacja…, 2012b).
Other explanations as in equation (1).
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may take place in the area. However, tak-
ing into account the results of previous 
hydrological analyzes of the Łososina 
drainage basin (Ciupa and Suligowski, 
2011), we should keep in mind that the 
natural fl uctuations of water resources 
in the area may have large amplitudes in 
both the annual cross-section and from 
year to year. In the pessimistic variant, 
the following values of runoff surplus 
in relation to the inviolable runoff were 
obtained: the cross-section of the Tory 
from 9.2 to 46.2 mm and of the Ujście 
from 11.9 to 39.3 mm (Tables 4–7). It 
should be noted, however, that the mine 
water discharges from Bukowa were 
adopted at the current level, and hydro-
geological documentation (Dokumen-
tacja…, 2012b) shows that in the future 
they may be even larger.

In order to preserve the existing 
wetlands with valuable natural habitats 
located within the depression cones of 
the Wrzosówka catchment area – in the 
conditions of existing here suffi cient 
and documented water resources, en-
vironmental solutions have been sug-
gested. The predicted water shortages 
here should be compensated by increas-
ing the subsurface retention in these 
areas. It can be done by retaining part of 
the water outfl owing the river channel, 
keeping the reserved fl ow and redirect-
ing it to protected habitats. This would 
require the implementation of a simple 
and low-cost damming (threshold-riffl e) 
in the Wrzosówka river bed and water-
drainage works (directional ditches) at 

the bottom of its valley (Pawlaczyk et 
al., 2001) and within the two analyzed 
wetlands. The deadline for completion of 
this work should be correlated with the 
exploitation of the Leśnica-Małogoszcz 
deposit at +215 and +200 m a.s.l. and 
preceded by the measurements of the lo-
cal  monitoring system.

Construction of fi ve threshold-riffl es 
made of wood and stone is suggested, 
causing an increase of the water in the 
river channel to a certain level (Jędryka, 
2007). This water should be distributed, 
through the area requiring protection of 
habitats,  with gravity directional drain-
age ditches system, beginning above 
each threshold. There should diverge 
some side ditches from the main ditch 
every few dozen meters (Fig. 2).

The expected total length of the 
ditches should be about 5.5 km in vari-
ant I (level of exploitation of marl and 
limestone of Leśnica-Małogoszcz de-
posit +215 m a.s.l.) and approx. 3.2 
km in variant II (level of exploitation 
+200 m a.s.l.). The main ditches in vari-
ant I would be the length of 2.8 km, and 
1.2 km and more in the second one. Sup-
plying the wetlands with the system of 
the  ditches will be done with unequal 
intensity, dependent, in large part, on 
surplus water exceeding the specifi ed 
inviolable fl ow. The threshold-riffl es 
should be located approx. 10 cm below 
the elevation of the surrounding ter-
rain, so that there would be no fl ooding 
and stagnation of the water within these 
habitats. The constructions should have a 
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slope of at least 1 : 20, which makes it 
possible for  fi sh, amphibians and aquatic 
invertebrates to migrate upstream and ef-
fectively oxygenates water. Below and 
above the threshold-riffl e, the strengthen-
ing of the banks should be made of natural 
materials in order to protect the edges and 
the threshold against erosion. In addition, 
the stone overhead of the threshold-riffl e 
should be padded with geotextile.

The course of the irrigation ditches 
should be adapted to the morphology of 
the terrain, with an adequate slope and 
range of endangered habitats. The eleva-
tion of the bottom of the trenches, in the 
initial section must be higher than the 
elevation of the bottom of the bed. The 
locations of these objects are shown in 
Figure 2.

The effect of the suggested actions 
should be the local water table rising in 
the endangered habitats and maintaining 
it there at the required level. A full evalu-
ation of the effectiveness of the proposed 
solutions will be possible only after 2–3 
years of mine depression cones and irri-
gation system functioning in the area.

CONCLUSIONS

The multidirectional analysis of water 
resources conducted in the ungauged 
Wrzosówka catchment showed that 
in conditions of functioning a depres-
sion cone, connected with the exploita-
tion at different levels of the Leśnica-
-Małogoszcz deposit, they will be 
suffi cient to supply endangered wetlands 
with rare natural species.

Natural water resources defi ned here, 
along with water discharges from the 
Bukowa mine allow hydration of these 
habitats regardless of the elevation of 
exploitation of limestone and marl de-
posits at Leśnica-Małogoszcz.

The suggested solutions of an eco-
hydrological character – damming in-
stallations (e.g. threshold-riffl e) in the 
Wrzosówka river bed, as well as irriga-
tion ditches at the bottom of its valley 
within the currently existing wetlands, 
will be in favour compensation of the 
loss of water in the area due to expan-
sion of a predicted depression cone.

Maintaing the proper water manage-
ment in the Wrzosówka catchment, even 
in the conditions of the extensive exploi-
tation of natural resources and the emer-
gence of still deeper depression cones, 
will help maintain the wetland natural 
habitats at the bottom of its valley as 
well as its inviolable fl ow.
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Streszczenie: Możliwości zachowania terenów 
podmokłych w zasięgu lejów depresyjnych kopalni 
wapieni i margli Leśnica-Małogoszcz oraz Buko-
wa w sytuacji pogłębiania poziomu eksploatacji. 
W wyniku powiększania głębokości eksploatacji 
surowców skalnych złoża margli i wapieni Leśni-
ca-Małogoszcz (Pasmo Przedborsko-Małogoskie 
– województwo świętokrzyskie), najpierw do po-
ziomu +215 m n.p.m., a następnie +200 m n.p.m., 
rozwinięciu ulegnie lej depresji. Może on zagro-
zić istnieniu obszarów podmokłych wchodzących 
w skład sieci Natura 2000, położonych w jego za-
sięgu. Podmokłości te występują w strefi e przed-
przełomowej rzeki Łososiny przez Grząby Bol-
mińskie i Wzgórza Gnieździskie, w ujściowym 
odcinku jej niekontrolowanego hydrometrycznie 
dopływu – Wrzosówki. W pracy wykazano moż-
liwość zachowania obecnego stanu uwilgotnienia 
istniejących tu siedlisk naturowych, z uwzględ-
nieniem charakterystyk ilościowych elementów 
składowych obiegu wody oraz uwarunkowań 
morfologicznych. Analiza zasobów wodnych 
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wykazała, że w warunkach funkcjonującego leja 
depresyjnego będą one wystarczające do zasila-
nia zagrożonych obszarów podmokłych i umoż-
liwią ich nawodnienie. Zaproponowano również 
rozwiązania o charakterze ekohydrologicznym, 
które rekompensowałyby ubytki wody na tym 
terenie w obrębie leja depresyjnego kopalni od-
krywkowej. Wymagałoby to wybudowania urzą-
dzeń piętrzących (np. próg-bystrotok) w korycie 
Wrzosówki oraz systemu rowów irygacyjnych 
w dnie jej doliny.

Słowa kluczowe: kopalnia odkrywkowa, lej de-
presyjny, tereny podmokłe, Małogoszcz
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