
744 Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)

Abstract
 Due to completion of lignite production in the Konin Lignite Area, the opportunity for 
a new open pit construction is considered. In the vicinity of the new potential mining 
area, there are two open pits still in operation and a post-mining reservoir, which is 
under the process of � ooding. � e dewatering of these pits results in change of hydro-
dynamic conditions in the area, which will in� uence the mine water in� ow into the 
new open pit and its environmental impact. All these phenomena were simulated in 
a transient groundwater � ow model, in which the new open pit as well as neighboring 
open pits are simulated.
Keywords: open pit, lignite, groundwater modeling 
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Introduction 
Due to completion of lignite production in the 
Konin Lignite Area located in the central part 
of Poland, the opportunity for a new open pit 
construction is considered. � e „Mąkoszyn 
- Grochowiska” deposit with geological re-
serves of 80 MT and lignite production ca-
pacity of 3.5 MT/year is an option. Outside of 
the potential mining area, there are still two 
open pits in operation - „Tomisławice” open 
pit (5 km away) and „Drzewce” open pit (21 
km away) - as well as "Lubstów" post min-
ing void (11 km away), which is under the 
process of � ooding (Fig. 1). As a result, the 
modeling study for the new open pit has been 
performed which take into consideration the 
changeable hydrodynamic conditions in the 
area in� uenced by dewatering of the neigh-
boring pits as well as process of � ooding the 
post-mining reservoirs.

Site description and hydrology 
� e lignite deposit „Mąkoszyn-Grochowiska” 
is located in the area of Greater Lake District 
(Kondracki 2000). It occurs in the Notec 
river valley with many lakes and wetlands. 
� e ordinates of the land are from 90 to 110 
m a.s.l. Outside of the river valley an upland 
areas grow up to 160 m a.s.l. and they are 
cut by erosive glacial gutters. A very signi� -
cant element of hydrology of this region are 
lakes (Brdowskie, Głuszyńskie, Lubotyńskie, 

Modzerowskie), mainly groove and post-
glacial ones. � e average annual precipita-
tion amounts to approximately 550 mm/y 
and the land evaporation is 500 – 520 mm/y 
(Ziętkowiak 2003). � rough the northern 
part of the deposit the � rst-order watershed 
runs, separating the Odra and Vistula basins 
(Fig. 1). � e average groundwater � ow from 
this area accounts from 0.9 l/s/km2 (Graf 
2003) for Vistula basin in the north, to 2.19 
l/s/km2 for Odra basin in the south (Orsz-
tynowicz, Wierzbicka 1970). 

Geological and hydrogeological con-
ditions
� e region of the deposit lies in the northern 
part of the basin called niecka mogileńsko-
łódzka, which roof is formed by upper Cre-
taceous sediments. Taking into account 
the dewatering conditions, two hydrogeol-
ogy complexes have been determined within 
this area: Quaternary complex and Neogen 
– Paleogen- Cretaceous complex. � e hy-
drogeological conditions in these areas are 
characterized by four aquifers – two over 
and two below the lignite seam (Fig. 2). � e 
� rst aquifer (Quaternary) of free water table 
consists of the sands and gravels just below 
the terrain surface. Its thickness is from 1 to 
20 m and average permeability of  0.000174 
m/s, but sometimes in old buried valleys it 
reaches thickness of 40 m and permeability 
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Figure 1 Hydrographic map of the „Mąkoszyn – Grochowiska” lignite deposit area (modi� ed from Stachy 
ed., 1987). Explanations: 1- � rst order watershed, 2-other watersheds, 3-hydrometric station, 4-precipitation 
station, 5-hydrogeological 

Figure 2 Hydrogeological cross-section (Szczepinski Straburzyńska-Janiszewska, 2011). Explanations: 1-� ne 
sands, 2-glacial tills, 3-silts, 4-clays, 5-marls and dolomites, 6-lignite, 7-Neogene-Paleogene-Mesosoic aquifer 
piezometric surface, 8-stratigraphic boundary, 9-screeded intervals, 10-faults.
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of 0.000578 m/s. � e second aquifer (Qua-
ternary) is located in sandy layers and lenses 
within clays with thickness 10 - 20 m and 
permeability varies from 0.000058 to 0.00029 
m/s. � e third aquifer (Neogene-Paleogene) 
is located in the � ne widespread Neogene and 
reduced Paleogene sands underlying the lig-

nite seam. Its thickness varies from 10 to 60 
m and permeability from 0.000012 to 0.00017 
m/s. � e fourth aquifer occurs in the � ssured 
Cretaceous marls and limestones underlying 
Neogene - Paleogene sands, with permeabil-
ity coe�  cient from 0.000034 to 0.00035 m/s.  
� e speci� c yield of aquifers varies from 0.06 
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to 0.203 and storativity varies from 0.00015 
to 0.002. 

Groundwater in the Quaternary aquifers 
are under uncon� ned and semi-con� ned 
conditions and Neogene-Paleogene and Cre-
taceous aquifers occurs under con� ned con-
ditions. Slight isolation and sometimes its 
lack between the Cretaceous and Neogene-
Paleogene lignite underlying aquifer, enable 
hydraulic contacts between these aquifers, 
which is provided by the similar water table 
level and the low variability of chemical com-
position. 

� e recharge areas are the moraine up-
lands occurring to the south and east of the 
deposit. � e Quaternary water-table aquifer 
is recharged by in� ltration of precipitation 
and the lower aquifers are recharged by leak-
age of water from the Quaternary aquifers or 
directly through the hydrogeological win-
dows. � e Quaternary water table is from 
120-140 m a.s.l. in the recharge areas up to 
about 90 -100 m a.s.l. in the area of the de-
posit. � e groundwater level in the Neogene 
- Paleogene - Cretaceous complex is few me-
ters lower than in the overburden aquifer and 
stabilize from 120 m a.s.l. to 100 m a.s.l. in the 
deposit area. In natural conditions ground-
water was discharged by rivers and many 
lakes. Currently, as a result of the "Drzewce", 
„Tomisławice" and "Lubstów" opencasts de-
watering, they become the center of ground-
water discharge for all aquifers in the western 
part of the area.

Mine dewatering
Lignite production in the "Mąkoszyn-
Grochowiska" deposit is planned to be car-
ried out in the years 2026-2044. � e open-
ing of the deposit is foreseen in the western 
part of the "Mąkoszyn Field" and the lignite 
production will progress to the south-east di-
rection towards the "Grochowiska Field". It is 
assumed to start construction of the drainage 
system from 2022. It is expected that ground-
water will be lowered by pumping wells to the 
depth of 30 – 60 m and the cone of depression 
will be developed in the Quaternary and Neo-
gene-Paleogene sands as well as in the Cre-
taceous marls and dolomites. Currently, the 
groundwater level in the neighboring "Drze-
wce", "Tomisławice” and “Lubstów” open 

pits is lowered to 30 - 80 m. Water from the 
drainage system will be discharged through 
a network of pipelines, ditches and canals to 
Notec river. A� er the ending of lignite pro-
duction, the post-mining reservoir located in 
the south-eastern part of the "Grochowiska 
Field" will be � ooded.

Groundwater � ow model
 A 3-dimensional � nite di� erence model has 
been used based on MODFLOW code (Mc-
Donald and Harbaugh 1988) in conjunction 
with the MODFLOW-Surfact (Version 3) 
code. � e modeling has been undertaken us-
ing the Groundwater Vistas (Version 5.36) 
so� ware package (ESI 2006). � e conceptual 
model for the area was based on investiga-
tions undertaken by the Geological Institute 
and mining company. A three-dimensional 
numerical model has been developed, which 
covers an area of 1293 km2. � e model is dis-
cretized with a uniform 250 m by 250 m grid, 
which gives a grid mesh of 181 rows and 155 
columns. � e model was divided into � ve 
vertical layers - three aquifers and two aqui-
tards. � e aquifers represent: 1. the upper 
Quaternary water table porous aquifer, 2. the 
lower Quaternary porous aquifer, 3. the Neo-
gene-Paleogene-Cretaceous porous - inter-
stice aquifer which includes interconnected 
the sands and marls and mudstones. Between 
the aquifers, there are two layers represented 
by aquitards comprised of clays and silts.

� e south and east external boundar-
ies were determined by the rivers and lakes 
and the north boundary of the model was 
located far outside of the potential range of 
the cone of depression. Depends on types of 
hydrogeological interactions these boundar-
ies are represented by 1. H = const. 2. Q = 0 
and 3. Q = f(H) boundary conditions. � e 
west boundary of the model was located on 
to the east side of the "Tomisławice", "Drze-
wce" and "Lubstów" open pits. � e dewater-
ing operations as well as the process of � ood-
ing the post mining open pits were modeled 
by progressive assignment of Mod� ow the 
Time-Variant Speci� ed Head cells H = f (t) 
to active mining areas in accordance with the 
respective project mine plans and/or mod-
elling studies performed for these open pits 
before. 
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 Municipal wells located in the model were 
represented by boundary condition Q=const. 
and rivers and lakes inside of the model area 
were simulated using Mod� ow’s River cells 
Q=f(H) with streambed conductance from 
0.001 to 5 m/d. � e dewatering operation 
of the “Mąkoszyn-Grochowiska” was mod-
eled by progressive assignment of Mod� ow 
the Time-Variant Speci� ed Head cells H = 
f (t) in accordance with the mine plan. � e 
e� ective in� ltration Q = const., varies over 
the area and depends on the lithology of the 
land. It di� ers from 4.6 to 15.3% of average 
annual precipitation. To ensure appropriate 
representation of the change of e� ective in� l-
tration during the groundwater table � uctua-
tion, the recharge and evaporation packages 
were used for modelling studies.

At the � rst stage of model calculation, the 
groundwater � ow model for quasi-natural 
conditions was performed at the end of 2008, 
i.e. before the starts the “Tomisławice" and 
"Mąkoszyn-Grochowiska" pits dewatering 
and just before the � ooding of the "Lubstów" 
post-mining water reservoir. � e model was 
calibrated for steady-state condition (Fig. 3). 
� e heads from steady-state runs were used as 
initial conditions for the transient simulation 
for the period from 2008 to 2009, in which 
the model was veri� ed, taking into account 
dewatering of the "Tomisławice" and "Drze-
wce" pits, as well as � ooding the “Lubstow” 
post mining reservoir. � e model calibration 
and veri� cation has been based on the avail-
able water level data recorded in wells and pi-
ezometers located in all aquifers.

In the next stage the predictive simula-
tion was carried out for the period from 2010 
to 2021, to determine the hydrodynamic 
conditions in the area of the "Mąkoszyn-
Grochowiska" deposit just before the dewa-

tering of this pit. In each 5 year stress periods 
covering the time span from 2010 to 2021, 
the boundary conditions simulating the 
"Tomisławice" and "Drzewce" deposits dewa-
tering and the "Lubstów" post-mining reser-
voir � ooding were assigned.  � e heads from 
2021 were used as initial conditions for tran-
sient simulation of “Mąkoszyn-Grochowiska” 
dewatering process in years 2021 – 2044. It 
was assumed that the dewatering of this open 
pit be simulated in four stress periods: 2022-
2029, 2030-2034, 2035-2039 and 2040-2044 
by progressive assignment of Mod� ow the 
Time-Variant Speci� ed Head cells H = f (t) in 
accordance with the mine plan. Its range has 
been limited by the area of dewatering wells. 
Due to the hydraulic contacts between all the 
aquifers, the Neogene-Paleogene-Cretaceous 
aquifer was assumed as the basic one from 
the dewatering point of view. 

Results and discussion
� e results of calibration and veri� cation 
were evaluated taking into account the ad-
justment of the measured and simulated 
heads and groundwater � ow as well as the 
simulated mine water in� ow into the neigh-
boring pits to the � eld measured in� ow. 

� e  results for steady state conditions in-
dicate e� ective in� ltration of 1.83 l/s/km2. � e 
recharge from precipitation amounts to 11.0 % 
for layer I, 6.2 % for layer II and 1.0 % for layer 
III of the average precipitation for this area 
(0.55 m/y) (table 1). Layer I, which is almost to-
tally recharge from precipitation is discharged 
to rivers, lakes and open pits dewatering sys-
tem of "Drzewce" and Lubstów" (43.5 %), while 
56.5% of  the groundwater percolate to lower 
layers. Discharge out of the model area repre-
sent mainly the drainage by open pits located 
in the western part of the area (Fig 4).

Figure 3. Stages of the model solution for "Mąkoszyn-Grochowiska" open pit.

2008

Quasi-
natural

conditions „DRZEWCE”, „TOMIS£ AWICE”, „LUBSTÓW”

Hydrogeological conditions 
under the drainage of open pits

„M¥ KOSZYN  GROCHOWISKA”

Steady state
simulation

Model calibration
and verivication

Prognosis

2009 2015 2021 2029 2034 2039 2044

Transient simulations

Hydrogeological conditions 
under the drainage of the open pit
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Ta ble 1. Groundwater balance at the „Mąkoszyn-Grochowiska” region in quasi-steady state conditions at 
2008 , [m3/min].

Layer Recharge from 
precipitation

Discharge out of 
the model area

Leakage from 
overlying layer

Discharge to rivers and 
lakes (external boundary 

conditions)

Intake wells

I
II
III

142.0
−
−

15.1
24.4
3.7

−
80.2
14.5

46.7
37.8

−

−
3.5

10.8

Figure 4 Map of  of  hydroizohipses of the Neogene-Paleogene-Mesozoic aquifer a) in quasi-natural condi-
tions, 2008 y, b) in hydrodynamic conditions for 2044 y., computer model prediction. Explanation:  1-piezo-
metric surface of Neogene-Paleogene-Mesosoic  aquifer, 2-range of the cone of depression, 3-model boundary, 
4-groundwater � ow direction, 5-hydrogeological cross-section, 6-mine drainage  area, 6-pit lakes

� e groundwater balance at the "Mąkoszyn-
Grochowiska" region, just before starting of de-
watering operations at 2021 indicates that dis-
charge to rivers and lakes will decrease, while 
the leakage from layer I increases due to mov-
ing the dewatering system in the "Drzewce" pit 
toward western boundary and starting dewa-

tering operation in the "Tomisławice" open pit. 
As a consequence, the mine water in� ow from 
layer III increases (Table 2).

� e groundwater balance at the end 
of lignite production in the "Mąkoszyn-
Grochowiska” pits  at 2044 shows further 
decrease of discharge to rivers and lakes 

Ta ble 2. Groundwater balance at the „Mąkoszyn-Grochowiska” region, before dewatering operations at 
2021, [m3/min].

Layer Recharge from 
precipitation

Discharge out 
of the model 

area

Leakage from 
overlying layer

Discharge to rivers 
and lakes (external 

boundary conditions)

Intake 
wells

Recharge 
from static 
resources

I
II
III

157.6
−
−

14.8
23.7
33.4

−
102.3
43.6

43.9
31.6

−

−
3.5

10.7

3.4
0.1
0.6
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Ta ble 2. Groundwater balance at the „Mąkoszyn-Grochowiska” region, before dewatering operations at 
2021, [m3/min].

Layer Recharge from 
precipitation

Discharge out 
of the model 

area

Leakage from 
overlying layer

Discharge to rivers 
and lakes (external 

boundary conditions)

Intake 
wells

Recharge 
from static 
resources

I
II
III

157.6
−
−

14.8
23.7
33.4

−
102.3
43.6

43.9
31.6

−

−
3.5

10.7

3.4
0.1
0.6

Ta ble 3. Groundwater balance at the „Mąkoszyn-Grochowiska” region at the end of  dewatering operations 
at 2044, [m3/min].

Layer Recharge from 
precipitation

Discharge out 
of the model 

area

Leakage from 
overlying layer

Discharge to rivers 
and lakes (external 

boundary conditions)

Intake 
wells

Recharge 
from static 
resources

I
II
III

166.8
−
−

22.4
21.2
48.9

−
108.2
57.8

40.6
25.9

−

−
3.5

10.7

4.4
0.1
1.8

* including groundwater in� ow to dewatering system of „Mąkoszyn-Grochowiska” open pit

and greater leakage from layer I to lower 
layers (Table 3). It is due to dewatering of 
"Mąkoszyn-Grochowiska" pit and the pro-
cess of � ooding "Drzewce", "Lubstów" and 
"Tomisławice" post mining voids (Fig. 4).

� e results of the modelling study for 
mining conditions (2022 – 2044) indicate 
that during the “Makoszyn – Grochowiska” 
dewatering system operation groundwater 
mine water in� ow into the proposed open pit 
mine will reach from 40 to 60 m3/min.  Due 
to the lowering of groundwater table the aver-
age e� ective in� ltration in the area of cone of 
depression will account for 3.18 l/s/km2 and 
reach 18.6% of the average precipitation ra-
tio.  � e cone of depression will develop in all 
directions, covering Notec river and its tribu-
taries as well as nearby lakes. � e total area 
covered by the upper Quaternary aquifer will 
reach 130 km2, and by the Paleogene-Neo-
gene-Mesozoic aquifer 390 km2 (Szczepiński 
2011).

� e modelling studies performed in the 
area with many open pits require taking into 
consideration not only the pit being under 
the study but also other pits, which dewater-
ing or � ooding may in� uence on the study 
area.  Because dewatering is a process variable 
in time and space, the models must be solved 
in transient simulation and in each stress pe-
riod it is necessary to update boundary con-

ditions representing the dewatering systems 
of all pits in the modeled area. 
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