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1. BACKGROUND 

The principles of Integrated Environmental Management (IBM) are embodied in the 
Environmental Conservation Act 98 of 1991. These principles influence the way in 
which South Africa considers the impact of development and resource exploitation on 
the environment. It is appropriate to note a number of the prominent principles of 
IEM: 

• the environment is defined in broad terms to encompass the biophysical and 
sodo-economical aspects of life on earth. 

the short and long term impacts of any action should be considered, implying 
a "cradle to grave" approach on a project. 

• actions impacting the environment should be investigated and debated in an 
open fashion, with involvement and consultation with interested and affected 
parties. 

The mining industry has been pro-active in formalising an approach to the 
implementation of IEM principles which are appropriate to the mining industry, The 
PI'C'P:lI'llIiClII 01':111 nllVilllllllll'lIlnl MIlIIIll!I'tll(,1l1 i'1Ol!tI1lt1tlll' (PMI') Ill' 1'\'1" v IfI'Ih'f' 

Illille alld lIew lIIillillg velllllle allelllpls 10 illlpleJllellt JUM pi illcipks ill the industlY 
and to satisfy the legal requirements of the Minerals Act, Act 50 of 1991. 

This paper presents some perspectives on the potential impacts of mining operations 
on the water environment. The format of the paper was styled in accordance with the 
Aide-Memoire for the preparation of reports on EMP's. 

2. BACKGROUND AND BASE LINE DESCRIPTION OF THE WATER 
ENVIRONMENT 

An impact assessment of the water environment cannot be prepared without an 
adequate knowledge and understanding of the background and base line situation. 
South Africa is divided into 148 drainage regions and it is essential to adopt a 
drainage basin approach to understanding impacts on the water environment (Water 
Quality 2000 - A Strategy for the Future), 
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2.1 Background water environment 

Background water quality refers to the situation in the virgin and undeveloped 
catchment. Water flow and quality in this situation would depend on the 
natural hydrological and natural weathering processes, including: 

.. climate (rainfall, temperature, evaporation etc.) 

.. topography 

.. geology and the types and properties of soils 

.. vegetation 

Virgin catchment conditions are relatively rare in South African due to the 
ubiquitous influence of agriculture, silviculture, atmospheric deposition, urban 
development, mining, industry, infrastructure (roads, railways) etc. on the 
water environment. 

2.2 Base line surface water environment 

The base line situation refers to the situation/condition existing before a new 
mining venture is established or upstream of an existing mining venture. 

The base line surface water flow is dictated by the natural hydrology and 
upstream intervention in the natural hydrological processes (such as an 
upstream impoundment). The main hydrological components contributing to 
total flow from a catchment are shown in Figure 2.1. The mean catchment 
annual runoff (MAR) as a percentage of mean annual rainfall (MAP) is small 
and is typically in the range of: 

MAR = 0.03 - 0.09 of MAP 

Catchment runoff in the summer rainfall areas in particular, is highly variable. 
Apart from seasonal variation in rainfall, long term dry and wet cycles also 
exist. It is therefore eSSential to characterize the base line hydrology in terms 
of: 

.. the average situation (MAR) 

.. flood events 

.. variability as reflected in seasonality 

The base line surface water quality must also be described in terms of: 

.. water quality variables of concern 
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• variation in concentration of water quality variables 

The presentation of base line water flow and water quality data should be 
adequate to convey a realistic picture of the situation. The use of an average 
flow or concentration can be misleading and simple graphical presentation 
techniques are recommended (such as box-and-whiskers plots) - refer ,to Figure 
2.2. 

The collection of base line surface water flow and quality data should not only 
rely on short term monitoring programs. The Department of Water Affairs 
and Forestry maintains in excess of 800 river and dam monitoring stations, 
nationwide. This extensive database is probably the best available source on 
the inorganic quality of surface waters. Special studies may have to be 
conducted to fill gaps with respect to water quality variables not monitored 
routinely by the Department of Water Affairs and Forestry. 

Base line information must also be gathered on specific water habitats such as 
natural pans, estuaries, wetlands, sand rivers etc. These special water features 
in the landscape may play a key role in maintaining biodiversity and sensitive 
ecosystems. 

The interbasin transfer of water may modify the background and base line 
information. 

Description of the base line surface water environment would not be adequate 
without information on the water users and associated water requirements. 
The Water Act recognises five categories of water users including domestic, 
industrial, agricultural, recreational and natural ecosystems. The Department 
of Water Affairs and Forestry is in the process of compiling water quality 
guidelines for each of the recognised user groups (F.C. van Zyl, 1993). 

2.3 Base line groundwater environment 

The baseline ground water situation must be described in terms of : 

geological features influencing ground water movement. 

• geological formations acting as aquifers and aquicludes. 

• geohydrological characteristics of water bearing strata. 

The level of information must be adequate to develop a conceptual model of 
the presence and movement of groundwater. This model must also address the 
interaction between surface and ground water bodies. 

The dynamics of groundwater systems are on a much longer time scale (years) 
compared to surface water systems (days and weeks). Collection of base line 
information on ground water systems must take this fact into account. 

ASSESSMENT OF THE IMPACT DY MINING OPERATIONS ON THE WATER ENVIRONMENT 4 



(X 1000) 

.. ;, ........ " ..... ,"'."'" .. , ...... ,'."" ..... ; .... , ......... "",.+ .................... ,' ... "" ... ""'." ... " .. ".", ... ......... .!.., ... , ....... , •••... , , I ' , I : .... " .. """ ..... 

1.6 

'"' -t 1.2 " Cl 
El 
v 

(f) 
0.13 0 

I-

- 0.4 

I I 1 

1 i 

-I 1· 
o . ; . """""""'" ............ """. (" ". " "". '-.L" " "" ... :.i "" """"""" ." .. " .. " .... "" j'''''''''''''''''''''''' 

r-
136 136 137 1313 es 90 91 

<x 1000) 

1.6 

,., 
-t .1..2 " Cl 
E 
'" 
(l) 0.a 0 

i i I! ! j ! I ! ~~~~! 
I-

0/4 

o 

.1 4 6 6 10 11 12 

H~drologic.l Month 

FIGURE 2.2 - GRAPHICAL PRESENTATION OF WATER QUALITY DATA 

ASSESSMENT OF TilE IMl'ACT HY MINING OI'ERATIONS ON 'filE WATER ENVmONMENT 5 



Groundwater quality must be described in terms of the water quality variables 
of concern for each identifiable ground water body. Spatial variation and in 
particular vertical stratification should be quantified. 

The presence and requirements of ground water users must be recognised using 
the same approach outlined above for surface water systems. 

The assessment and evaluation of the impact of mining on the water 
environment must always be preceded by the development of an adequate 
understanding of the background and base line situation. The base line 
condition of the water environment serves as a reference against which impacts 
are evaluated. 

3. MINING IMPACT ON THE WATER ENVIRONMENT 

Mining activities are dynamic and the potential impacts on the water environment may 
change during the life of a mine. The appreciation of the potential long term impacts 
has grown due to a number of well-documented pollution events on old and abandoned 
mines (Department of Water Affairs and Forestry, White Paper on Water Pollution 
Control Works on Old and Abandoned Collieries in the Witbank and Ermelo 
Districts). The EMP should therefore deal with all phases of a mining venture. 

3.1 Impact on catchment yield characteristics 

The direct impact on the natural flow path of a river by the diversion of a 
river reach is clear. The impact on the water yield from a catchment is 
however not always appreciated. 

Catchment yield can be reduced by a number of human actions including 
silviculture, agriCUlture, mining etc. The scarce water resources in South 
Africa necessatate a prudent approach to any land use practice which will 
modify the natural hydrological processes and result in a reduced water yield. 
The MAR from the Witbank Dam catchment has been reduced by an estimated 
20 % due to irrigation from the run-of-river and from constructed farm dams -
refer to Figure 3.1 (Theron, Prinsloo, Grimsehl & Pullen Inc, 1989). 

Mining activities are coming under increasing scrutiny regarding modification 
to catchment yield due to two potential impacts: 

• mining activity may modify the natural catchment surface runoff 
properties. 

mining activity may modify groundwater discharge to the natural 
surface streams. 

Modification to the natural catchment suiface rulloff properties may result 
from a number of mining activities: 
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construction of paved areas, buildings, haul roads etc. increases the 
surface runoff generated. 

large areas covered by tailings dams, slurry ponds, waste discard 
dumps etc. may be isolated from the natural drainage paths due to the 
interception and collection of polluted water. 

• unrehabilitated opencast areas are permeable and generate virtually no 
runoff. The seepage generated by rainfall onto unrehabilitated spoils 
is typically polluted and cannot be discharged to the natural stream, 
thus further decreasing the natural runoff. 

In general, surface runoff is increased by mining and ancillary operations. A 
high proportion of the mining runoff is however polluted and cannot be 
discharged to the natural stream, resulting in a nett reduction in catchment 
yield. 

Groundwater discharges to natural surface streams also contribute a significant 
fraction of the total yield from a catchment. Modification to ground water 
aquifers resulting in an interruption of these natural groundwater discharge 
processes will also result in a nett reduction in the catchment yield and 
specifically in the natural base flow. These discharge processes may suffer 
interference under a number of circumstances: 

• lowering of the ground water table in a region may decrease the 
hydraulic gradient driving the discharge of groundwater. 

modification to ground water aquifers, such as in the case of a deep 
opencast pit may result in a reversal of flow direction into the pit and 
away from the natural surface stream. 

Quantification of the potential mining impact on catchment water yield is 
therefore catchment- and site-specific and requires an understanding of the 
local hydrology and geohydrology. 

3.2 Impact on surface water quality 

A description of potential mining impacts on surface water quality requires an 
understanding and knowledge of the potential sources of pollution, the 
pollutant compounds generated and the mechanisms by which pollutants will 
be mqbilised. 

The potential sources of pollution depend on the specific mining operation, 
the type of mineral processing and beneficiation and also an other associated 
activities. Figure 3.2 demonstrates a typical mine water system for a platinum 
mining operation with its potential sources of pollution, including: 

4& mine dewatering. 
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runoff and seepage from ore stockpiles. 

Ell runoff and seepage from tailings dams and return water dams. 

Ell runoff and washwater from vehicle parking platforms and workshops. 

Ell spillage and runoff from ore processing plant. 

• spillage from vehicle refueling bays. 

• seepage and runoff from waste rock dumps. 

• sewage treatment plant effluent and seepage from sewage sludge drying 
beds. 

The range of pollutants which are generated by a mining operation is site 
specific and depends on the ore body and associated stratigraphy, mining 
technique, mineral beneficiation and refinement processes, waste generation 
and disposal etc. Table 3.1 gives a generalised indication of the probable 
range of pollutants which may be generated by mining for different minerals. 

Base Coal 
Metals 

Cl Dissolved salts xxx xx xxx xxx 

.. Acidity xx x xx xx 

.. Sulphate xx xx xx xx 

., Fluoride x x x x 

El Chloride xx x x x 

" Calcium xx x x xx 

" Magnesium x x x xx 

• Sodium xx x x x 

El Nitrnte xx xx x x 

• Amlllonin x xx x x 

.. Cyanide xxx 

I> Phosphorus x x x x 

.. Iron xx x xx xx 

.. Mnngnn~«~ xx x xx xx 

• Alullliniulll xx x xx xx 

.. H~avy lIIetals xx xx xxx xx 

" Ars~nic xx x x x 

Legend xxx pollutant of primary importance 
xx periodic consideration necessary 
x seldom problematic 

TABLE 3.1 POLLUTANTS OF CONCERN IN THE MINING INDUSTRY 
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Mobilisation of the pollution potential which exists on a mining complex will 
determine the eventual impact on the aquatic environment. Numerous 
mechanisms exist to transfer a pollutant from it's source to a natural stream: 

• point source discharge of an effluent. 

• surface washoff from a polluted surface area. 

wind transport of a pollutant and deposition in the catchment of a 
stream. 

• seepage from a pollution source. 

• decant from a polluted water retainment structure. 

It is furthermore important to distinguish between a local impact and regional 
impact on a receiving water body: 

• the local and immediate impact is usually due to the discharge of a 
concentrated pollutant (for example aluminium in a soluble ionic form) 
during base flow conditions. River systems have limited pollution 
assimilative capacity during base flow conditions and pollution during 
vulnerable dry weather periods may result in catastrophic events such 
as fish kills. 

the regional impact may be due to the discharge of a pollutant which 
will accumulate in the receiving water body. This could be due to the 
combined discharge from several mining operations. In such a case the 
pollutant load would be more important than the concentration at which 
the discharge takes place. 

The EMP must therefore address the probable impact on surface water quality 
under different hydrological conditions. The pollution impact on a receiving 
water body can be quantified by the use of a long sequence of observed or 
simulated stream flows. This approach allows the quanti fication of the 
pollution impact in a probabilistic fashion, from which the risk of exceeding 
a Receiving Water Quality Objective (RWQO) can be deduced. Figure 3.3 
demonstrates the water quality situation in a river with and without a mining 
discharge in terms of sulphate concentration. 

3.3 Impact on gl'oundwater bodies and groundwatcr quality 

Mining may impact the presence of ground water in a number of ways: 

• dewatering of mine workings may result in the drawdown of the 
natural groundwater body above and adjacent to the workings. This 
may impact traditional groundwater users, vegetation and the natural 
discharge to surface water streams. 
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groundwater bodies may also be influenced, where the integrity of the 
natural surface is impacted by subsidence, depressions and sink holes. 
High extraction mining and mining with thin roof cover and inadequate 
support systems may give rise to these conditions. The increased 
recharge to the ground water may however be polluted under 
circumstances where the recharge comes into contact with the mine 
workings and then migrates to the natural surface streams. The old 
abandoned collieries in the Witbank district provide an example of the 
situation which may develop - refer to Figure 3.4. 

recharge to groundwater may also take place where waste dumps, 
tailings dams, slurry ponds etc, produce a polluted seepage which 
migrates to the groundwater. The impact directly on the groundwater 
and indirectly on the surface streams may be high in a situation where 
the source of polluted seepage is located within the flood plain and in 
geological contact with the surface stream. 

The impact of mining on groundwater quality is not easy to anticipate or to 
predict. Apart from the inherent difficulties in predicting the migration of 
ground water , several physio-chemical and microbial processes modify 
ground water quality. These processes include adsorption, ion exchange, 
leaching, oxidation (for example pyrite), reduction (microbial reduction of 
sulphate in the presence of a carbon source) etc. Fieldwork is therefore 
essential in developing a conceptual model of the presence and mobility of 
groundwater and in calibrating groundwater quality prediction models. 

3.4 Impact on sensitive water habitats 

The potential impact of mining on sensitive water habitats including marshes, 
wetlands, reedbeds and pans requires special attention. Natural wetlands in 
particular fulfill a number of essential landscape functions including: 

• capture of sediment and silt load from the upstream catchment. 

attenuation of floods. 

stabilisation of the base flow in downstream rivers. 

capture and fixation of pollutants including heavy metals, plant 
nutrients, pesticides etc. 

provision of specialised habitats which enhances biodi 'ersity. 

safe haven for migrating animal and bird species. 
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Ample evidence exists of the beneficial role played by natural wetlands as 
demonstrated in Table 3.2 for the Aloeboom Vlei on the Black Mfolozi river. 

Calcium (mgCa/U) 170 - 250 130 - 190 

Magnesium (mgMg/Q) 32 - 65 32 - 49 

Conductivity (mS/m) 135 - 200 126 - 600 

Iron (mgFe/Q ) 3.4 - 30 1.0 - 3.7 

Manganese (mgMn/q ) 2.5-4.7 0.4 - 2.9 

Aluminium (mgAI/Q ) 1.4-9.5 0.4 - 5.3 

pHf 3.0 - 10.2 4.5 - 7.5 

Sodium (mgNa/O ) 69 - 120 65 - 120 

Sulphate (mgSOiQ ) 600 - 1050 600 - 730 

* 50- and 95-percentile values + 5- and 95-percentile values 

TABLE 3.2 BENEFICIAL IMPACT OF ALOE BOOM WETLAND ON 
WATER QUALITY IN THE BLACK MFOLOZI RIVER 

Mining could compromise the essential landscape functions fulfileld by natural 
wetIands in a number of ways: 

• discharge of waste material which settles in the wetland, thus altering 
the geomorphology of the wetland. 

discharge of pollutants for which a natural wetland has limited 
assimilative capacity, such as soluble heavy metals coupled to excess 
acidity. 

modification to wetland spatial properties, such as a creation of local 
flow concentrations due to the construction of roads across wetlands. 

deposition of waste material to a wetland which creates a long term 
source of pollution within the wetland, such as pyritic shales. 

Pans are an important feature of especially the Eastern Transvaal Highveld. 
Consideration may in future be given to the replacement of a pan which is lost 
in opencast mining operations. Recreation of a natural pan will require careful 
consideration of the pan shape, hydro soils which form the basis of a pan 
ecosystem and location of the pan within the migration route of birds. 

4. CONCLUDING REMARKS 

Mining impacts on the water environment are varied and cannot be generalised. 
These impacts should not be evaluated in isolation, but should be considered within 

ASSESSMENT OF THE IMPACT BY MINING OPERATIONS ON THE WATER ENVIRONMENT 15 



the context of the full scope of mining-related activities. The interactions between 
rehabilitation of spoil dumps, the rainfall recharge of the rehabilitated spoils, the 
generation of polluted spoils seepage and the eventual seepage impact on the water 
environment serve to illustrate the interdependance of mining activities. 

The current standing and prediction of mining impacts on the water environment are 
not adequately developed. Proper installation and operation of mine water monitoring 
networks and continued research are necessary to reduce the existing knowledge gaps. 
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