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Figure 3 Geochemical concept of the reactive transport models: reactions after buffering and storage from
pyrite oxidation products.

Results

As an example results from the model area 'Nordraum' are presented in this paper. Fig. 3 shows the
spatial distribution of sulphate concentrations in the upper of two model layers at 2010 and 2100. It
becomes evident, that not only mining dumps, but also some parts of surrounding unaffected aquifers
will be contaminated with high sulphate concentrations at the end of the simulated period. The
depletion of sulphate in the model is mainly driven by groundwater recharge (sulphate concentration
200 mg/L) and it's duration depends on the amount of gypsum representing the sulphate source term.
Thus the mining dumps Schlabendorf-Nord and Seese-West but also the south-east region in the
unworked aquifer with high pyrite oxidation (fig. 1) are subject to sulphate concentrations above
1.7 g/L beyond 2100.

Figure 3 Spatial distribution of sulphate in the 'Nordraum' area. Left: 2010, right: 2100.

Fig. 4 illustrates a similar behaviour for the concentration development of dissolved iron-II in the
'Nordraum' area. Comparing sulphate with iron-II, no significant difference is visible for areas subject
to elevated concentrations in 2100. For the mining dumps Seese-West and Schlabendorf-Nord and the
unworked southeast aquifer region the simulation predicts concentrations above 100 mg/L iron in the
groundwater.
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Figure 4 Modelled spatial distribution of Fe-II in the 'Nordraum' area. Left: 2010, right: 2100.

In order to illustrate the longevity of the attenuation processes, fig. 5 shows the development of total
sulphate and iron-II masses in the 'Nordraum' model area. Gypsum and iron at the exchanger represent
the immobile source terms and are slowly depleted only. The dissolved components sulphate and iron-
II are — by definition — in equilibrium with these immobile sources and fall below specific equilibrium
concentrations when the source term is depleted. Further, sulphate reduction with a typical maximum
rate of 6.34-10"* mol-L"'-s! influences the attenuation process marginally only.
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Figure 5 Modelled development of total masses in contact with groundwater in the 'Nordraum' model area. (The
volume saturated with groundwater instead of total cell volumes were used for calculation of total mass, thus
representing the mobilizable/mobile masses.)

Most of the tributaries and lakes are effluent in the 'Nordraum' model area. Following, their water
quality is directly influenced by the conditions in the upstream aquifers. Fig. 6 summarizes annual
mass fluxes from groundwater into surface water boundary conditions for selected years. The steep
decline of fluxes to lakes is caused by the reduced water inflow as the lakes reach their final water
table. Rivers and streams, however, get better connected with the groundwater by groundwater table
recovery and thus show an increasing flux until to date. This tendency only slowly turns into a decline
due to depletion of the sources. Care must be taken transferring these results to the effect on water
quality in rivers and lakes. The model describes fluxes out of groundwater but not the processes within
the adjacent boundary zone (interstitial) where further transformation reactions occur before the water
enters a lake or stream.
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Figure 6 Modelled total diffuse groundwater borne mass flux into surface water in the 'Nordraum' model area.

Conclusions

Multi-mine reactive transport models were implemented to determine the effects on both groundwater
composition and fluxes into surface waters in the former Lusatian open pit lignite mining district.
Their geochemical concept was designed to reflect regional quality effects on a large scale, rather than
giving information at specific points. The simulations finally predict, that due to decades of
groundwater drawdown pyrite oxidation in the mining dumps themselves, but also in the unworked
bedrock constitute a source for elevated concentrations of sulphate and ferrous iron.

Mining affected groundwater quality will be an issue beyond 2100. As an example the overall
situation for rivers and streams in the 'Nordraum' area indicates a minor improvement for the water
quality until 2100. The results are generally in good agreement with previous work (Graupner 2014,
ARGE 2012), added that also unworked aquifers partly constitute a long term source for iron and
sulphate. Future work needs to take into account the interaction between the five model areas
concerning the mass fluxes across the model area boundaries.
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