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Wolfgang Gossel, Reiner Stollberg, Peter Wycisk:

Modelling of environmental impacts of 140 years
of open pit lignite mining and chemical industry

on groundwater contaminants in the Bitterfeld area 
(Germany)

Questions and problem overview

• 150 years of open pit lignite mining: 
Impacts on groundwater balances, 
flow directions and velocities?

• Dependencies between mining 
activities and contamination 

?

Berlin

Hamburg

Bitterfeldspreading in this region?

• Fate of contamination in the future 
(after closing pits)?

Bitterfeld 
area

„Mining history“ Complex modelling approach

Diverse modelling systems and tools:
• Compartment (atmosphere), soil, unsaturated zone, surface water, 

geology, saturated zone
• Non-linear functions in modelling systems and their coupling
• High number of parameters
• Heterogeneous parameters and boundary conditions

Untere Mulde/Fuhne

Ground-
water-
recharge

Surface 
water

Ground-
water

Unsat. 
zone

Geology

-> Model 
Untere 
Mulde/Fuhne 
very complex

Model outline

Model area: 332,6 km², elements: 1 475 708, nodes: 770 450, slices: 38, 
nodes/layer: 20 275, area single element 500 – 100.000 m², element side 30 – 500 m

Modelling tools

Geological modelling:
GSI3D, EVS/MVS, transfer to hydrogeological model with GIS

Groundwater recharge:
GIS and self developed program according to Wessolek et al. 
(2004) (TUB-BGR)

Hydrograph surface water Mulde:
Time series analysis

Unsaturated zone: Hydrus1D

Saturated zone (flow and transport): Feflow
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3d geological model

qw
qw Niederterrasse 
Mulde

qw     
Periglazialhorizont 1

qw Niederterrasse 
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oberer Teil 

qw Niederterrasse 
Strengbach

qw Schlufflinse 

in Niederterrasse 
Strengbach

qw Sandlöss,  
Decksand

qh Terrasse Mulde
qh Schlufflinse

in Terrasse Mulde

qh Auelehme        
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Leine, Strengbach

Auffülle
Bergbaukippen

tmi Bitterfelder 
Decktonkomplex: 
Roitzscher Sande

tmi Bitterfelder 
Decktonkomplex

qe Rinne: 
Grundmoränen-
material

qs Hauptterrasse  
Mulde 

qs Grundmoräne
qs glazifluviatile    
Sande und Kiese

qw Rinne

Niederterrassen-
material

qw      
Periglazialhorizont 2 
Mulde,                  
unterer Teil 

tol Glaukonitschluff
tol Glaukonitsand
tmi Bitterfelder 
Glimmersand,      
unterer Teil

tmi Breitenfelder 
Horizont

tmi Bitterfelder 
Glimmersand,      
oberer Teil

tmi Braunkohle 
Flözkompl. Bitterfeld

3d geological model

3d distribution of hydraulic conductivities Boundary conditions: surface water hydrograph Mulde

Modelled and measured hydrograph river Mulde

measured
modelled

Gauge Priorau 6/1/1995 – 12/31/2003
Gauge Bad 
Düben 1/1/2004 –
7/24/2005
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Boundary conditions: Mining activities
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1984

Karl Ferdinand West
Marie-Neuglück
Elsa
Karl Ferdinand Ost
Theodor -> Freiheit II

Leopold
Ludwig

Stakendorf
Pistor
Thalheim West
Karl-Ferdinand Nord
Goitzsche
Muldenstein
Holzweißig West
Köckern
Rösa
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1934
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1954
1900

1935

1839
1842
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1856

1858
1870
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1872

1875
1888

1891
1897

1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Auguste -> Freiheit
Richard
Johannes
Nr. 62
Deutsche Grube -> Auguste
Adelheid
Greppin Nr. 79
Ausdauer
Luther Linde
Vergissmeinnicht

Antonie
Marie -> Zusammenschluss mit Antonie
Luise

Hermine
Friedrich III / Auguste Süd
Beharrlichkeit
Erich

Groundwater recharge: Calculation and results
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Jährliche Summe der potentiellen Ev apotrans piration (ETP) Bitterfeld
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Depth to 
groundwater
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Jährlic he Klimatische Wass erbilanz (KWB) Bitterf eld
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Climatic data
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Calibration: 142 wells

Correlation between observed values and steady state model
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Results flow model: Groundwater surface

Setup transport model

Parameters and boundary conditions:

• Ideal tracer
• „Impact“ for each industrial site
• „Impact“ starts at the beginning of the production

Results flow and transport model

Transport model Untere Mulde/Fuhne 1895-2005

Modelling perspectives

Flooding induced pathline 
calculation

Changes of Pathlines in 2002

Century flooding 2002

+ 10m

Perspectives

Completely changed flow conditions in the model 
area Untere Mulde/Fuhne
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Thanks

Thanks for your attention

Project contexts of the examples of the teams:

SAFIRA I und II: Prof. Dr. Peter Wycisk, Tobias Hubert, (Dr.) Tilmann Steinmetz, 
Andreas Wollmann, Karsten Sommerwerk, Steffi Schnabel, Gerd Fleck, Oliver Neef, 
Raik Richter und Holger Fabritius 

Ad-Hoc-Projekt Mulde-Hochwasser 2002 und Austragsdynamik: Christian 
Neumann 
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