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Figure 4 Zambezi River Basin

Three major coal reserves of Mozambique are located in the Zambezi River Basin area. Since the last
decade, a number of coal mining companies started to exploit coal in the coal reserves and the water
quality is at risk of being impacted by acid mine drainage (Nhantumbo 2013). The water quality
monitoring agency is not well established to assess the water quality changes and to take actions to
protect the water resources. Further on, the lack of resources limits improvement.

It is assumed that the average flow of the main stream and the water coming from the tributaries do not
change a lot and that acid mine drainage can lower the pH of the water coming from the mining area
with time. If the major interest is to protect the main stream because it sustains life of the people living
in the riparian area of the river basin, it is important to guarantee that the water coming from the mining
area does not lower its pH to values that may seriously harm the environment. Fish populations, for
example, start to reduce when the pH is below 6 (Jennings, et al. 2008). Thus, it is important to guarantee
that the pH in the main stream does not go below that limit.

Table 1. Input data from Zambezi River used for simulation (Nhantumbo 2013)
Main Stream of Zambezi Tributaries coming from the mining

River (1) area (2)
Flow Q ,m%/s 2330 1120
pH 7.6 7.85 (considering varying to 2)
Alkalinity mg/l. CaCOs, (eq/l) 62 (0.00124) 129 (0.00384)

The input data used for simulation, both of the main stream of Zambezi River and tributaries coming
from the mining area is given in (tab. 1). The flows and the pH used for simulation are the average
values and the simulated results are affected by these averages. However, the simulated results can be
used as a clue on what is going to happen in the main stream of the river if the pH of the water of the
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tributaries coming from the mining area drops. For simulation, the pH of water coming from the
tributaries in the mining area was considered to reduce from its original value 7.85 to 2.

By simulation with the presented model in can be shown (see fig. 5a) that the pH of the main stream
will drop to values below 6 if the pH of the water coming from the tributaries is below 3. Supplementary
information about the carbonate species (H.COs, HCOs,, COs%), total inorganic carbon (TIC), total
alkalinity in the main stream (TAR) is given in (fig. 5b).
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Figure 5 Simulation results for acidification of the main stream of Zambezi River. a) pH in the resulting stream after
complete mixing of main stream (1) and potential acidic water coming from the mining area (2). b)
Concentration of carbonate species, hydrogen and hydroxide ions after complete mixing of main stream (1) and
potential acidic water coming from the mining area (2) in eq/l. Input data is given in (tab. 1).

Conclusions

A model that simulates pH and alkalinity when acid mine drainage or other acidic water is discharged
into a river was developed based on the theories of alkalinity and pH in natural waters. The model is
based on input of flow, pH, alkalinity and average temperature of both, the main stream and acidic
discharge. The model was developed assuming complete mixing immediately after the river and the
acidic water merge. The model can do simulations considering two different approaches: the change of
volumetric flow of acidic discharge assuming constant pH and the change of pH of acidic discharge
assuming constant volumetric flow. The modelled results capture clearly the buffer effect of carbonic
acid in water.

Furthermore, the model was applied to simulate possible acidification of the main stream of Zambezi
River in Mozambique due to acid mine drainage from coal mining. Using the simulated results it was
concluded that the pH of the main stream of Zambezi River will drop to values below 6 only if the pH
of the water coming from the tributaries in the mining area is below 3.
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