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Abstract 
The oxidation of pyrite and other sulphides generates AMD as a result of mining activities. STUMM & MORGAN 
(1996) define acidity based on an ion balance concept. The application of this acidity-concept is limited due to 
analytical difficulties. One has to analyse all ionic parameters and their measurement errors. Hence, titration can 
be used as approximation in form of a modified neutralisation potential NP. The genesis of the groundwater and 
therefore the remediation of AMD can be demonstrated in -NP-sulphate-diagrams. 
Sulphate-reducing processes were initiated in an aquifer with AMD-laden groundwater. Substrates were injected 
orthogonally to the located main groundwater flow direction. Groundwater was intermittently circulated between 
two wells. As substrate, methanol and nutrients were added to this circulation flow. After one year a sulphate-
reducing reactor was formed within the aquifer. It could be prooved that FeS precipitation took place and acidity 
decreased. These effects could still be observed one year after termination of substrate injection. 
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Introduction 
As a result of mining activities in the region Lausitz AMD is formed within mining dumps. Surface 
water bodies are influenced by migrating AMD and form acidic post mining lakes. An anaerobic sub-
surface treatment plant using sulphate reduction was developed for in-situ treatment of the potentially 
acidic groundwater. The treatment plant was constructed and built as a pilot scale experiment at Lake 
Senftenberg. The pilot scale experiment run for two year with promising results- 
 
Theoretical background 
The oxidation of pyrite and other sulphides generate AMD as a result of mining acitvities. STUMM & 
MORGAN (1996) defined acidity (Aci) as the equivalent sum of acids that are titrable with a strong 
base.  
 

� ��� basesstrongacidsstrongAci  eq. (1) 
 

EVANGELOU (1995) definied the neutralisation potential NP eq.eq. (2) based on eq. eq. (1). 
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After summarizing Parameters of acid capacitiy KS4,3, SCHÖPKE (1999) formed eq. eq. (3). 
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Ferrous Iron, manganese and aluminium are not included in the titration of KB4.3 = - KS4.3. Therefore, 
they must be analysed separately and added to eq. eq. (3). Other hydrolyzing Cations must be included 
too. For example Zn2+ has to be considered if its occurrence plays an important role in the investigated 
groundwater. Eq. (3) does not take into account concentrations of hydroxo-complexes of cation-acids. 
These occur (pH depended) only in minor concentrations. Reactions forming AMD (e.g. pyrite 
weathering) and buffer reactions (e.g. calcite dissolution) can be presented as vectors in an 
acid/sulphate concentration plane, where acid equals –NP (see Figure 1). 
 
 
 
 



Figure 1 Vectors of pyrite weathering and carbonate buffering wich generate amd and vector of 
restoration, eq.(4) 
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Microbial sulphate reduction can be expressed using eq.(4). As a substrate methanol is chosen. The 
reaction vector in the acid/sulphate plane is antiparallel compared to the vector of pyrite weathering in 
Figure 1.  
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Eq. (4) is limited due to the available concentration of iron in solution. Hydrogen sulphide is formed in 
absence of iron. 
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The formation of H2S expressed in reaction eq.(5) is not desired in the remediation process. 
 
Experiments 
The Pilot scale setup was installed in an aquifer at the south of Lake Senftenberger (Lausitz, 
Germany). A layer of anoxic acidic groundwater migrating towards Lake Senftenberg had been treated 
(Figure 2, Table 1) by microbial sulphate reduction. The composition of the untreated and treated 
groundwater is contained in Table 1. Fig. 2 demonstrates the oxidation of groundwater.  
 
Figure 2 Ion balance (composition) of groundwater in anoxic and oxidised form (equilibrium with  
atmosphere in lake) 
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The setup of the pilot scale experiment for remediation is shown in Figure 3. Methanol and nutrients 
were injected as substrate for sulphate reducing bacteria. The injection was conducted orthogonally to 
the located main groundwater flow direction. Groundwater was intermittently circulated between two 
wells. The time for short circuit of substrate between infiltration and extraction well was estimated to 
be about 48 h. 
 
Figure 3 Pilot scale setup  for remediation of AMD bearing groundwater by microbial sulphate 
reduction 
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After one year a sulphate-reducing reactor was formed within the pore space of the aquifer with a 
cross-section of approximately 50 m2. It could be prooved that FeS precipitation took place and that 
hydrogen sulphide was formed. It can be stated that the acidity of the treated groundwater decreased. 
The initial injection was continuously conducted over three months. The treatment effects could still 
be observed one year after termination of substrate injection.  
 
Results 
Groundwater composition at the test site is a function of aquifer depth. The groundwater properties are 
vertically distributed. As shown in figure 4 deeper tertiary layers are characterised by higher aciditiy 
than quaternary layers. Due to the genesis of the groundwater a statistical correlation between the 
measured acidity using the -NP concept of Schöpke (1999) and the groundwater sulphate 
concentration exists (see figure 4). 
 

Figure 4 results of the pilot scale experiment 
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Considering reaction vectors (see Figure 1) for sulphate reduction, groundwater from different layers 
can be separated and characterised by initial boundary conditions based on statistical analysis. Figure 
4 shows the groundwater properties at the observation well (sampling points 2 to 4 in Figure 3) 
downstream of the substrate injection compared to the treated groundwater (end of reaction vectors in 
Figure 4). 
 

Table 1 Two representative analysis of reactor inflow and outflow 
 

Parameter  inflow 1  outflow 1 with iron inflow 2  outflow 2 with lack of iron 
PH 1 4.40 5.26 4.30 6.2 
KS4.3 mmol/L �0 0,46 0 2,8 
Fe mg/L 180 102 120 <1 
Sulphid-S mg/L <0.01 <5 <0,01 60 
SO4 mg/L 1 900 1 200 1 100 600 
NP mmol/L -7.4 -2.2 -4,8 +2 
�NP� mmol/L  +5  +7 

 
The mean reduction of the acidity (�NP) of the groundwater was calculated and is about 5-7 mmol/L. 
 
Conclusions 
The results of the pilot scale experiment show that it is possible to treat anoxic AMD. The treatment 
result of sulphate reduction is limited due to available dissolved iron. If the available dissolved iron is 
depleted, hydrogen sulphide is formed. To use the pore space of the aquifer as a reactor, a period of 
adjustment of about 3 months is necessary. A statistical approach calculating the results of the 
treatment is possible considering a reaction vector analysis. Currently a pilot scale experiment is on its 
way applying glycerine as substrate  
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