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Figure 11: Inferred groundwater levels and flow for  the study area 
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Cape Granite 

The quality of groundwater in the granitic rocks is variable, although significantly less 

mineralised than that in the Malmesbury Aquifer.  In the drier Mamre-Darling and 

Langebaan-Vredenburg areas the ECs vary between 150 and 300 mS/m, whilst in the 

Malmesbury area the water is less saline (ECs commonly <150 mS/m) (Figure 12).  The 

groundwater is of a sodium-chloride type (Table 3); with relatively high silica content (mean 

15.5 mg/l in 36 samples).  No information regarding the quality of the groundwater in the 

Riviera Pluton could be obtained but is expected to be <150 mS/m due to its proximity to the 

TMG. 

Malmesbury Group 

Groundwater quality of the Klipheuwel Group and Bridgetown Suite of rocks is collectively 

discussed under those of the Malmesbury Group.  The groundwater in the Malmesbury units 

is generally brackish, with ECs commonly ranging from 300 to 800 mS/m  

(Figure 12, Table 3), and in places exceeding 1 000 mS/m, e.g. to the east and north of 

Moorreesburg.  

Reasonable quality (<200 mS/m) groundwater does occur within these units under certain 

circumstances, such as in the study area where the Malmesbury rocks are in close proximity 

to the more elevated and fractured TMG units and the rainfall is higher. A similar situation 

may occur where these units are in direct contact with the Riviera Granite. Good quality 

groundwater often occurs in the fractured Malmesbury rocks in areas where they are overlain 

by significant thicknesses of saturated Cenozoic deposits, which is the case in the study area. 

The groundwater is of a sodium-chloride type. High nitrate levels in certain areas indicate 

localised contamination of the groundwater (mean of 18.6 mg/l for 192 samples). 

Table 3  Chemistry of groundwater found in various rock types 

Group/ Formation Parameter Number Min Max Mean Std. Dev Median 

Cenozoic Deposits 

EC 951 0.7 10444 394.4 649.4 167.9 

pH 950 0.1 9.38 7.44 0.9 7.59 

Na 951 0.5 28974.5 653.7 1431.8 223.3 

Ca 949 1 1585.8 90.4 121.9 56.1 

Mg 949 0.8 3499.5 82.9 177.2 29.8 

Cl 951 1.5 51484.4 1237.7 2795.9 397.4 

SO4 947 0.2 12681.2 171.6 528.9 49 

TAL 936 0.5 679.8 136.7 110.3 110 

Si 817 0.01 32.14 7.1 4.66 5.67 

NO2+NO3 858 0 724.87 8.04 57.26 0.13 

F 926 0.01 4.22 0.61 0.55 0.41 

Fe 181 0 7.94 0.09 0.63 0 

Table Mountain 
Group 

EC 28 9.3 330 62.7 83.9 27.8 

pH 28 4.57 7.42 6.1 0.88 6.16 

Na 28 11.1 502.1 77 119.2 25.5 

Ca 28 0.9 52.7 9.2 12.3 4.8 

Mg 28 2.3 106.1 16.8 22.1 9.6 

Cl 28 20 984.3 159.1 249.9 50.3 
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Group/ Formation Parameter Number Min Max Mean Std. Dev Median 

SO4 28 0.3 97.5 13.3 20.4 5.5 

TAL 21 0.2 171.8 15.1 36.3 7.4 

Si 28 0.27 22.7 4.69 3.75 3.91 

NO2+NO3 28 0.03 16.58 5.83 5.69 3.6 

F 28 0.03 1.29 0.16 0.23 0.09 

Fe 8 0 5.5 0.78 1.93 0.05 

Cape Granite Suite  

EC 36 17 1401.7 294.3 287.9 217.5 

pH 36 6.51 8.16 7.33 0.49 7.39 

Na 36 13.9 2631.5 435.7 528.7 266.6 

Ca 36 2.9 164.1 53.9 41.1 42.3 

Mg 36 3 298.6 71.6 69 53 

Cl 36 25.8 4400.9 841.4 920 566.9 

SO4 36 10.7 624.4 109.1 134.4 60 

TAL 36 13.2 203.9 76 46.5 71 

Si 36 0.06 32.17 15.49 9.15 17.65 

NO2+NO3 36 0.01 24.05 3.56 5.06 1.49 

F 36 0.1 1.53 0.63 0.38 0.6 

Fe 0 - - - - - 

Malmesbury Group 

EC 195 23 2264.9 512.4 430.5 436 

pH 195 1 8.91 7.44 1.21 7.7 

Na 194 2.5 4246.8 775.1 677.1 667.7 

Ca 194 1.51 355.3 76.6 62.9 62.7 

Mg 194 0.9 551.9 108.8 96.2 88.4 

Cl 194 3.5 7833 1443.8 1253.4 1273.4 

SO4 193 1.1 1133.6 177.2 161.9 150 

TAL 191 2 393.5 142.1 88.8 127.7 

Si 187 0.31 23.69 9.91 4.74 9.62 

NO2+NO3 192 0 713.7 18.59 95.83 0.88 

F 194 0.07 2.94 0.72 0.44 0.63 

Fe 47 0 3.18 0.2 0.59 0 

Fe 237 0.003 7.94 0.137 0.706 0.003 

Note: All concentrations reported in units of mg/l, except Electrical Conductivity (EC) that is in mS/m and unit less pH. Source: 
DWAF National Hydrochemistry Database  
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Figure 12  Groundwater Quality as a measurement of EC (mS/m)  
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4.5.8 Recharge 

The area of interest falls within Quaternary catchment G30D (Figure 1), which has an 

average annual precipitation of 370 mm.  The WR2005 study is the most up to date attempt to 

calculate the groundwater resource potential of the country.  This data for this quaternary 

catchment are summarized in Table 4 below. 

This GRU is based on surface drainage as the available data are too limited to compile 

groundwater flow maps.  It is estimated that the mean annual potential recharge (MAR) for 

this sub-catchment varies between 2.4 Mm3 during wet periods and 1.6 Mm3 during dry 

periods. 

The mean annual recharge from rainfall for the study area is presented in Figure 12.  

4.5.9 Groundwater storage potential 

Table 5 summarises the volume of water stored in the aquifer based on the WR2005 study. It 

is estimated that 7.8 Mm3 is stored in the weathered zone while 1.3 Mm3 is stored in the 

fractured zone within the GRU. In total, ~9.5 Mm3 may be stored in the Riviera GRU. 

4.5.10 Utilisable groundwater exploitation potentia l 

All recharge cannot be exploited by e.g. pumping from boreholes due to potability and 

exploitability factors and existing abstraction from other boreholes.  Therefore the Utilisable 

Potable Groundwater Exploitation Potential (UPGEP) should rather be used for determining 

the groundwater exploitation potential for a specific area (WR2005).  The UPGEP takes into 

account potability and exploitability factors as well as current abstraction from the catchment 

area.  (Note: The WR2005 potability factor of 0.50 for this area seems conservative as the 

DWAF 1:500 000 Hydrogeological Map Series indicate a good to very good groundwater 

quality).  The dry season UPGEP, which can be regarded as the worst case scenario, equates 

to 241 552 m3/a for the Riviera GRU.  (Note: To more accurately determine the extent of 

impact will require test pumping of some of the boreholes as well as recalibrating the 

numerical model with the new data.) 

4.5.11 Borehole yields 

No yield information could be obtained for any of the boreholes in this area.  However, from 

the DWAF’s 1:500 000 scale hydrogeological map 3117 Calvinia, the study area falls into 

three aquifer classification zones. The higher lying TMG areas falls in Zone b4, (median 

borehole yield range of 2 – 5 ℓ/s); the area adjacent to the TMG falls in Zone b3 (yield range 

0.5 – 2 ℓ/s) and the centre of valley north-westwards falls in Zone b2  

(yield range 0.1 – 0.5 ℓ/s). Boreholes drilled in the fracture/fault zones adjacent to the ore 

body could have much high yields of 10 – 20 ℓ/s. 
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Table 4  Summary of Groundwater Resource Potential as per WR2005 project 

Unit:- 
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Mean Annual Potential Recharge Utilisable Potable Groundwater Exploitation 
Potential (UPGEP) 

Annual 
Abstrac- 

tion 

m3/a/unit m3/km 2/a % of MAP m3/a/unit m3/km 2/a 

m3/a/unit 
Wet Season Dry 

Season 
Wet 

Season 
Dry 

Season 
Wet 

Season 
Dry 

Season 
Wet 

Season 
Dry 

Season 
Wet 

Season 
Dry 

Season 

Ef Pf Re Re (dry) Re Re (dry) Re Re 
(dry) UPGEP UPGEP 

(dry) UPGEP UPGEP 
(dry) At 

G30D 534 0.4892 0.9412 11,993,200 8,006,880 22,440 14,982 6% 4% 2,974,430 1,199,700 5,565 2,245 5,336,700 
Riviera 
GRU 108 0.4892 0.9412 2,414,753 1,612,133 22,440 14,982 6% 4% 598,882 241,552 5,565 2,245 -- 

 

 

 

Table 5  Summary of Storage Potential as per WR2005  project 

Quaternary 
Catchment 

Area 

m2 

Depth Thickness Volume of Water stored in Aquifer 5m Drawdown Storage Volume 
m.bgl m m3 m3 

Weathered 
Zone 

Fractured 
Zone 

Weathered 
Zone 

Fractured 
Zone Aquifer Weathered 

Zone 
Fractured 

Zone 
Aquifer Weathered 

Zone 
Fractured 

Zone 
Aquifer 

Sv Svr 
G30D 534,446,821 68.42 205.71 50.63 155.99 206.95 38,928,400 6,561,740 47,329,200 3,208,560 0 3,208,560 

Riviera GRU 107,607,403 68.42 205.71 50.63 155.99 206.95 7,837,981 1,321,164 9,529,428 646,023 0 646,023 
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Figure 13  Mean Annual Effective Recharge (mm/a) fr om Rainfall 
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4.5.12 Existing groundwater use 

No volumetric data on existing groundwater use could be obtained, nor is any groundwater use 

indicated on DWEA’s hydrogeological map.  However, the landowner on which property the ore 

body is located has verbally indicated during the site visit of 22 October 2008 that he is using 

groundwater for irrigation during the summer months.  The amount, however, was not divulged.  It 

is envisaged that most of the landowners in the valley will use groundwater to some extent for 

domestic use, stock watering and irrigation.  The extent of such groundwater use can only be 

determined by carrying out a detailed hydrocensus. 

4.5.13 Conceptual hydrogeological model 

The proposed mine area consists of two types of aquifers namely an unconfined primary or 

intergranular aquifer formed by the alluvial sediments in the valley and a semi-confined secondary 

or fractured-rock aquifer formed by secondary openings (fractures, joints and solution cavities) in 

the crystalline and hard-rock formations (Figure 6 and Figure 7).  The faulted contact zones of the 

Riviera Pluton are expected to represent a well developed fractured-rock aquifer, which may be 

capable of yielding large volumes of groundwater. 

Based on the mine exploration drilling borehole logs the primary aquifer in the study area is inferred 

to vary in thickness from <5 near the flanks and upper reaches of the valley to ~30 m or more in the 

centre of valley near the Krom Antonies River.  In the area overlying the orebody and within a 2 km 

radius of it the primary aquifer is expected to vary in thickness from 10 to 30 m. No information 

could be obtained on thickness of the secondary aquifer.  The secondary aquifer, however, is 

expected to extend from the top of the bedrock to well below the ore body and most probably more 

than 200 m. 

The surficial alluvial deposits of sand, pebbles and boulders are expected have an average 

transmissivity of ~20 m2/d whilst the altered contact zone of the pluton as well as fractured fault 

contacts are expected to have an average transmissivity of ~150 m2/d.  The overall transmissivity of 

the fractured-rock aquifer is assumed to be ~2 m2/d. The clay layer, which forms an aquitard, is 

expected to have a transmissivity of <1 m2/d.   

The average depth to water level is 10.8 mbgl, with a minimum of 0.4 mbgl and a maximum of  

44 mbgl.  The hydraulic gradient is expected to vary from 0.48 beneath the steeper valley slopes to 

0.08 beneath the flatter lying valley floor. 

Good quality groundwater, with EC <80 mS/m occurs in the predominantly arenaceous TMG rocks, 

while EC in the Cape Granite ranges between 150 and 300 mS/m. Groundwater in the Malmesbury 

units is generally brackish, with ECs commonly ranging from 300 to 800 mS/m, and in places 

exceeding 1000 mS/m 

It is envisaged that most of the landowners in the valley will use groundwater to some extent for 

domestic use, stock watering and irrigation.  The exact amounts, however, are unknown at this stage. 

It has been calculated that the mean annual potential recharge for this sub-catchment varies between 

2.4 Mm3 during wet periods and 1.6 Mm3 during dry periods. 
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4.5.14 Preliminary numerical flow model 

The aims of the numerical groundwater flow and mass transport modelling are to: 

• Assess the amount of  groundwater available for water supply for the mining operations; 
• Determine the zone of depression and radius of influence as a result of mine dewatering;  
• Determine rebound rates once mining operations have ceased; 
• Determine potential decanting positions and rates; 
• Assess any groundwater contamination related to mining activities. 

No borehole information was supplied by the client.  Therefore, the borehole data discussed in 

Section 4.5.4 were used in the generation of the groundwater flow model. 

Numerical groundwater model 

Background 

The simulation of groundwater flow and transport by numerical models is a relatively recent 

development, dating from the early 1970s.  Today, numerical models dominate the study of complex 

groundwater problems and advances in computer technology have made them the standard procedure 

for the solution of groundwater flow and mass transport problems. 

The numerical model solves both complex and simple problems and once a model is calibrated, 

various scenarios can be simulated with minimum effort.  The basic steps involved in modelling can 

be summarised as: 

• Collation and interpreting of aquifer parameters data: Aquifer parameters are essential to 

understand the natural system and to specify the investigated groundwater problem.  The 

numerical model actually develops into a site-specific groundwater model when real field 

parameters are assigned.  The quality of simulations depends largely on the quality of the 

input data. 

• Conceptualising the natural system: In each model study the natural system is represented by 

a conceptual model.  A conceptual model includes designing and constructing equivalent but 

simplified conditions for the real world problem, which are acceptable in view of the 

objectives of the modelling and associated management problems.  Transferring the real 

world situation into an equivalent model system, which can then be solved using existing 

program codes, is a crucial step in groundwater modelling. The following is included in a 

model: 

1. The known geological and geohydrological features and characteristics of the area. 

2. The rest water levels/piezometric heads of the study area. 

3. The interaction of the geology and geohydrology on the boundaries of the study 

area. 

4. A description of the processes and interactions taking place within the study area 

that will influence the movement of groundwater, and 

5. Any simplifying assumptions necessary for the development of a numerical model 

and the selection of a suitable numerical code. 
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• Calibration and validation: Model calibration and validation are required to overcome the 

usual lack of input data, but they also accommodate the simplification of the natural system 

in the model.  In model calibration, simulated values such as potentiometric surface or 

contaminant concentrations are compared with field measurements.  The model input data 

are altered within acceptable ranges, using experience and professional judgement, until the 

simulated and observed values are fitted within a chosen tolerance.  Input data and 

comparison of simulated and measured values can be altered either manually or 

automatically.   

Model validation is required to demonstrate that the model can be reliably used to make 

predictions.  A common practice in validation is the comparison of the model with a data set 

not used in model calibration.  Calibration and validation are accomplished if all known and 

available groundwater scenarios are reproduced by the model without unrealistic varying of 

the material properties or aquifer characteristics supplied to the model. 

• Modelling scenarios: Alternative scenarios for a given area may be assessed relatively easily 

once a calibrated model is available.  When applying numerical models in a predictive sense, 

limits exist in model application.  Predictions of a relative nature are often more useful than 

those of an absolute nature.   

Assumptions and limitations 

In order to develop a model of an aquifer system, certain assumptions have to be made. The 

following assumptions were made to develop the Riviera model: 

• The aquifer system can be represented by a two-dimensional system with dominating 

horizontal flow.  This is due to the large lateral extent of tens of kilometres when 

compared to the depth (or z) dimension.  The model therefore initially consists of one 

layer. 

• The system is initially in equilibrium and therefore in a steady state. 

• The available information on the geology and hydrogeology are “correct”. 

It is important to note that a numerical groundwater model is a representation of the real system. It is 

therefore at most an approximation, and the level of accuracy depends on the quality of the data that 

are available. This implies that there are always errors associated with groundwater models due to 

uncertainty in the data and the capability of numerical methods to describe natural physical 

processes. 

Modelling software 

In order to investigate the behaviour of aquifer systems in time and space, it is necessary to employ a 

mathematical model.  The MODFLOW package (Harbaugh and McDonald, 1996) a modular three-

dimensional finite difference groundwater flow model which was developed by the U.S. Geological 

Survey, is the software used during this investigation.  It is an internationally accepted and 

benchmarked modelling package, which calculates the solution of the groundwater flow equation 

using the finite difference approach.  A professional graphical interface, PMWIN, developed by 

Chiang and Kinzelbach (1999), was used to create the model and to analyse and display the 

modelling results. 
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Listed below are a few reasons why MODFLOW was chosen as the modelling package and more 

specifically PMWIN as the graphical interface: 

• It is accepted and widely used internationally. 

• It simulates steady and non-steady state flow in an irregularly shaped flow system in which 

aquifer layers can be confined, unconfined, or a combination of both. 

• Flow from external stresses such as boreholes, aerial recharge, evapo-transpiration, flow to 

drains and flow through river beds, can be simulated. 

• Hydraulic conductivities or transmissivities for any layer may differ spatially and be 

anisotropic. 

• The storage coefficient may be heterogeneous. 

The finite difference (FD) method was the first method to be used for the systematic numerical 

solution of partial differential equations.  In FD models the user creates a regular grid over the model 

area that subdivides the total model area into rectangular subdomains or cells.  Parameters such as 

water level, transmissivity and recharge are then assigned to each cell.   

Finite difference network 

The mesh constructed for the study area consists of 285 x 350 cells in the x and y directions, 

respectively.  Each of the cells is 20 x 20 m. The coordinates for the modelled area are  

-29300, -3623000 (lower left corner) to -23600, -3616000 (upper right corner).   The model network 

extends over a larger area than the area under investigation to ensure that the model boundaries will 

not affect simulated results (Figure 14). 

Once the network has been set up, all initial and boundary conditions, sources, sinks and aquifer 

parameters are entered.  A steady state calibration is then conducted to ensure the flow model has the 

same behaviour as the actual system under investigation. 
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Figure 14: Model network 

 

Boundary conditions 

One of the first and most demanding tasks in groundwater modelling is that of identifying the model 

area and its boundaries. Consequently, a model boundary is the interface between the model area and 

the surrounding environment. Conditions on the boundaries, however, have to be specified. 

Boundaries occur at the edges of the model area and at locations in the model area where external 

influences are represented, such as rivers, wells and leaky impoundments. 

Criteria for selecting hydraulic boundary conditions are primarily topography, hydrology and 

geology.  The topography, geology, or both, may yield boundaries such as impermeable strata or 

potentiometric surface controlled by surface water, or recharge/discharge areas such as inflow 

boundaries along mountain ranges. The flow system allows the specification of boundaries in 

situations where natural boundaries are a great distance away. 
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Boundary conditions must be specified for the entire boundary and may vary with time.  At a given 

boundary section just one type of boundary condition can be assigned. As a simple example, it is not 

possible to specify groundwater flux and groundwater head at an identical boundary section. 

Boundaries in groundwater models can be specified as: 

• Dirichlet (also known as constant head or constant concentration) boundary conditions 

• Neuman (or specified flux) boundary conditions 

• Cauchy (or a combination of Dirichlet and Neuman) boundary conditions  

The southern, eastern and western boundaries have been set as no flow boundaries along water 

divides formed by the mountain tops flanking the valley and the northern boundary was set as a no 

flow boundary.  It is important to note that these boundaries are set at a distance as not to impact the 

modelling results.  If the boundary conditions start influencing the results they are changed to flux 

boundaries.  The perennial Krom Antonies River has been set as a constant head boundary.  

Initial conditions 

Initial conditions are vital for modelling flow problems and must be specified for the entire area.  

Generally, the initial water level/head distribution acts as the starting distribution for the numerical 

calculation.  The initial water levels generated in Section 4.5.5 were used as initial conditions for the 

model. 

Sources and sinks 

Sources and sinks can be defined as recharge and abstraction sources in the aquifer, respectively. 

Sources can be precipitation and inflow from surface water and recharging boreholes. Sinks can be 

abstraction boreholes, springs, evapotranspiration, mines and outflow to surface water.  The 

groundwater recharge is discussed in Section 4.5.8.  A recharge value of 6% of MAP was assigned 

to the mountains and a value of 5% to the rest of the model domain. 

Aquifer parameters 

Two parameters are used to describe the physical properties of the aquifer, namely transmissivity (T) 

and storativity (S).  Transmissivity is a measure of the ease with which groundwater flows in the 

subsurface.  Transmissivity is related to hydraulic conductivity (K) by: 

 KdT =  

Where d is the saturated thickness of the aquifer. 

A T value of 20 m2/d was assigned to the primary aquifer system consisting of sands and alluvium 

and a value of 2 m2/d was assigned to the hard rock aquifer.  A T of 75 m2/d was assigned to the 

fractures. 

Storativity is the volume of water per volume of aquifer released as a result of a change in head. For 

a confined aquifer, the storage coefficient is equal to the product of the specific storage and aquifer 

thickness.   

An S value of 0.15 was assigned to the primary aquifer system consisting of sands and alluvium and 

a value of 0.001 was assigned to the hard rock aquifer. 
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Steady state model 

General 

A steady state groundwater flow model for the study area was constructed to simulate undisturbed 

groundwater flow conditions. These conditions serve as starting heads for the transient simulations 

of groundwater flow where the effect of, for example, abstraction boreholes is taken into account.  

The simulation model used in this modelling study is based on three-dimensional groundwater flow 

and may be described by the following equation: 

where 

h = hydraulic head [L] 

Kx,Ky,Kz = hydraulic conductivity [L/T] 

S = storage coefficient 

T = transmissivity 

t = time [T] 

W = source (recharge) or sink (pumping) per unit area [L/T] 

x,y,z = spatial co-ordinates [L]  

 

For steady state conditions the groundwater flow equation (1) reduces to the following equation: 

 

Calibration of the steady state model 

The steady state water level distribution is dependent upon the recharge, transmissivity, sources, 

sinks and boundary conditions specified. For a given recharge component and set of boundary 

conditions, the water level distribution across the aquifer under steady-state conditions can be 

obtained for a specific transmissivity value. The simulated water level distribution can then be 

compared to the measured water level distribution and the transmissivity or recharge values can be 

altered until an acceptable correspondence between measured and simulated water levels is obtained. 

An advantage of a steady state model is that the parameter for storativity is not required to solve the 

groundwater flow equation and there are therefore less unknown parameters to determine. 

The calibration process was done by changing the model parameters for transmissivity and recharge. 

Five boreholes were used to calibrate the steady state groundwater flow model.  Note: Only five 

boreholes could be found in the NGDB for which water levels were taken at approximately the same 
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time.  The calibration objective was reached when an acceptable correlation was obtained between 

the observed and simulated water levels (Figure 15 and Figure 16).  A correlation of 98% was 

achieved, which is very good.  From the calibration it was determined that the recharge over the 

mountains was adjusted to 6.5% of the mean annual rainfall.  The transmissvity for the hard 

rock/fractured aquifer was calibrated to be 1 m2/d, and the intergranular aquifer 20 m2/d.  The final 

transmissivity of the lineaments was set at 70 m2/d. 
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Figure 15: Correlation between simulated and observ ed water levels 
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Figure 16: Results of calibration 
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Numerical mass transport model 

Preamble 

Mass transport modelling in this situation refers to the simulation of water contamination or 

pollution due to deteriorating water quality in response to man’s disturbance of the natural 

environment (for example construction of tailings dams, waste rock dumps). 

Processes controlling mass transport 

Transport through a medium is mainly controlled by the following processes: 

• Advection is the component of contaminant movement described by Darcy’s Law. If 

uniform flow at a velocity V takes place in the aquifer, Darcy’s law calculates the distance 

(x) over which a labelled water particle migrates over a time period t as x = Vt. 

• Hydrodynamic dispersion, which comprises two processes: 

o Mechanical dispersion is the process whereby the initially close group of labelled 

particles are spread in a longitudinal as well as in a transverse direction because of 

the velocity distribution (as a result of varying microscopic streamlines) that 

develops at the microscopic level of flow around the grain particles of the porous 

medium. Although this spreading is both in the longitudinal and transversal 

direction of flow, it is primarily in the former direction. Very little spreading can be 

caused in the transversal direction by velocity variations alone. 

o Molecular diffusion mainly causes transversal spreading, by the random movement 

of the molecules in the fluid from higher contaminant concentrations to lower ones. 

It is thus clear that if V = 0, the contaminant is transported by molecular diffusion, 

only or in other words the higher the velocity of the groundwater, the less the 

relative effect of molecular diffusion on the transportation of a labelled particle. 

In addition to advection, mechanical dispersion and molecular diffusion, several other phenomena 

may affect the concentration distribution of a contaminant as it moves through a medium. The 

contaminant may interact with the solid surface of the porous matrix in the form of adsorption of 

contaminant particles on the solid surface, deposition, solution of the solid matrix and ion exchange. 

All these phenomena cause changes in the concentration of a contaminant in a flowing fluid. 

Data required for mass transport model 

The MT3D software was used to provide numerical solutions for the concentration values in the 

aquifer in time and space. Input required in the software is: 

• input concentrations of contaminants; 

• transmissivity values; 

• porosity values; 

• longitudinal dispersivities; 
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• transversal dispersivities; 

• hydraulic heads/water levels in the aquifer over time. 

Input concentrations of contaminants 

Input concentrations in the model were specified at cells over the areas where contamination is 

expected e.g. across the areas of the tailings dams, waste rock dumps and opencast pits. No 

contamination information was available therefore it was assumed that all contamination is 100 % at 

the source, in this case the source is the ore bodies as there was no information concerning other 

sources of information when writing this report. 

Transmissivities 

Transmissivities for the aquifer were specified according to the values obtained during the steady 

state water level calibration (see Section 3.9.2). 

Porosity values 

One of the biggest uncertainties encountered during transport modelling of pollutants is the 

kinematic porosity of the aquifer.  A value of 6% was assigned to the modelled area (Spitz and 

Moreno, 1996).  

Longitudinal and transversal dispersivities 

A longitudinal dispersivity value of 75 m was selected for the simulations (see Table D.3 – Field-

Scale Dispersivities in Spitz and Moreno, 1996). Bear and Verruijt (1992) estimated the average 

transversal dispersivity to be 10 to 20 times smaller than the longitudinal dispersivity. An average 

value of 7.5 m was selected for this parameter during the simulations. 

Hydraulic heads 

The hydraulic head values as calculated during the steady simulations were specified in the model. 

Predictive scenarios 

Scenario 1: Availability of groundwater 

The amount of groundwater available within the boundaries of the mine’s property is estimated to be 

852  m3/d.  However, no information is available concerning the water quality and the estimates are 

based on very little information and therefore there is a low confidence in the results. 

Scenario 2: Dewatering 

The current project is only in the resource definition stage, through a bulk sampling programme and 

intends to adopt open pit mining method using conventional truck and shovel to extract the ore.  The 

deposit is known to extend to a depth of over 225 mbgl, with the first ore at approximately  

60 mbgl.  Therefore, this scenario is divided into two sections.  The first part is the dewatering of the 

starter pit to a depth of 60 m.  Thereafter, the entire pit is dewatered to a depth of 225 m.  The zones 

of influence are shown in Figure 17 and Figure 18, respectively.  The expected inflows and extent 

of the zones of depression for the dewatering are listed in Table 6.  
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Figure 17: Zone of influence for starter pit (Pit 1 ) 
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Figure 18: Zone of influence for Final Pit 
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Table 6: Expected inflows and extent of zone of inf luence 

 Inflow (m3/d) Extent (km) 

Starter Pit (Pit 1) 2 700 1.8 

Final Pit 10 550 3 

 

Scenario 3: Impact on the Krom Antonies River 

In this scenario the impacts of dewatering in the vicinity of the Krom Antonies River are 

investigated.  It is highly likely that the river will become a losing river, in other words the surface 

water body will feed the groundwater system due to a drop in groundwater levels in the dewatering 

zone.  It is important to note that there was no information concerning this river for the development 

of this scenario so the following assumptions were made: 

1. There is a low permeable clay layer separating the surface water and unconfined alluvial 

aquifer system from the bed-rock groundwater system. 

2. The water level in the river is approximately 0.5 m above the river bed. 

Based on these assumptions, it was estimated that the river will lose ~0.07 m3/d of water for every 

metre of river front in the zone of dewatering.  The confidence is this scenario is low due to the lack 

of test boreholes and on-site data on aquifer parameters.  If it is assumed that ~66% of the zone of 

impact extents to the river front, the total volume of water that potentially could be lost from the 

Krom Antonies River amounts to ~83 m3/d (~30 300 m3/a) for the starter pit and ~139 m3/d  

(~51 000 m3/a) for the final pit.  This equates to ~0.7% and 1.2% of the 4.29 m3/a mean annual 

runoff estimated for the upper Krom Antonies River Catchment (Ninham Shand, 2009).   

Scenario 4: Rebound rates once mining operations have ceased 

The increase in water levels with time once mining operations have ceased are shown in Figure 19. 
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Figure 19: Increase in water levels 
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After cessation of mining operations the water level in the pit is expected to slowly rebound but will 

not reach the pre-dewatering level due to evaporation eventually exceeding inflow.  During the first 

~35 years the water level is expected to slowly rise by ~150 m, which is a rebound rate of ~4 m/year.  

Thereafter the rebound rate will decrease to ~1 m/year before stabilising at ~15 m below the pre-

mining level.  The pit will therefore always acts as a sink with a zone of depressed water levels 

around it 

Scenario 5: Groundwater contamination related to mining activities 

The life-of-mine is expected to be just over 17 years.  Therefore, in this scenario contamination due 

to mining after 20 years is shown in Figure 20.  As no concentration values were available it was 

assumed that the pit, waste rock dump and tailings dam each have a concentration of 100%.  The 

contamination plume in Figure 20 is therefore expressed as percentages with a minimum of 5% and 

a maximum of 100% and an increment of 5%.   

The model indicates that contamination will be limited to the mining site with contaminants being 

drawn to the pit, which will always acts as a sink with a zone of depressed water levels around it.  

The model also indicates that the current position of the tailings dam is too near the Krom Antonies 

River which could result in the contamination plume extending to the river.  It must be borne in 

mind that the groundwater contamination transport model represents a worst case scenario assuming 

100% concentration of contaminants, which is highly unlikely to occur in real terms due to 

implementation methods and designs to prevent / limit pollution of the aquifers and environment.  

In conclusion, numerical models cannot simulate all the heterogeneities of a complex system such as 

the aquifer systems found on and around the site and can only provide an indication as to how the 

system functions and how much groundwater can be abstracted.  In this case inflows and the 

movement of contaminants are mainly going to be dependent on geological formations, lineaments 

and their hydraulic parameters.  The upper unconfined sand aquifer is likely to contribute a 

considerably percentage of inflow to the mine and also is likely to be the most important conduit for 

movement of contaminants.  The low permeable clay layer, however, should limit the vertical 

movement of contaminants and prevent them from migrating to the secondary bed-rock aquifer.  

Faults in the secondary semi-confined aquifer can form conduits of preferential groundwater flow, 

which can cause sudden large but often short-lived inflows into mines.  No on-site tested aquifer 

parameters were available for such lineaments and fault zones for the preliminary modelling 

exercise.   
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Figure 20: Contamination after 20 years 
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4.6 Potential Impacts 
For each of the three project phases, i.e. construction, operation and post closure, a preliminary 

assessment of the potential impacts associated with the proposed mine has been carried out.  From a 

groundwater viewpoint mining activities potentially could have a positive and negative impact on 

the aquifers, natural river systems and environment. 

Where the site is underlain by more permeable sand and gravel deposits a higher potential for 

groundwater contamination by accidental chemical and/or fuel spillages exists than where the site is 

underlain by a  layer of less permeable compacted clay or sandy clay.  If prevented, contained and 

managed by good housekeeping and design, the groundwater contamination risk is deemed low. 

The following potential negative impacts of pit dewatering have been identified.  Possible mitigation 

measures are also discussed: 

• Groundwater will have to be abstracted at a rate of 2700 m3/d for the starter pit and  

10,550 m3/d for the final pit.  This will result in water levels being drawn-down locally in 

both the primary and secondary aquifers.  The extent of the zone of impact of the starter pit 

is estimated to be ~1.8 km whilst that for the final pit is ~3 km.  Based on the numerical 

flow model it is estimated that the river could lose ~0.07 m3/d of water for every metre of 

river front in the zone of dewatering.  The confidence in this scenario is low due to the lack 

of test boreholes and on-site data on aquifer parameters.  If it is assumed that ~66% of the 

zone of impact extents to the river front, the total volume of water that potentially could be 

lost from the Krom Antonies River amounts to ~83 m3/d (~30 300 m3/a) for the starter pit 

and ~140 m3/d (~51 000 m3/a) for the final pit.  These figures equate to ~0.7% and 1.2%, 

respectively, of the 4.29 m3/a mean annual runoff estimated for the upper Krom Antonies 

River Catchment (Ninham Shand, 2009).   

• Yields of boreholes and wells located in the zone of pit dewatering could be negatively 

impacted on and some may even dry up during life-of-mine.  Dewatering may also 

negatively affect groundwater dependent wetland systems, if any occur within the zone of 

dewatering.  Impact on boreholes and wells of groundwater users located within the zone of 

influence can be mitigated by financial compensation, by supplying them with water from 

the pit dewatering scheme or deepening existing boreholes or drilling new ones outside of 

this zone.  These impacts will be reversed once mining ceased and the water level rebounds. 

Tables 7 to 15 (over page) summarise the potential impacts on groundwater during the construction, 

operation and post closure phases of the proposed mine and its facilities. Note: The criteria used for 

assessing the potential impacts and abbreviations used are described in Appendix 1. 
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Table 7: Mining - Construction Phase  

     Assessment of Impacts 

Aspects Activities
/ 
Facilities 

Description of 
impact 
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from waste 
rock dump 

Waste 
rock 
dump 

Contamination 
of 
groundwater 

In the event that any water leaving the waste 
rock dumps, this will have to be intercepted 
by cut-off trenches or similarly engineered 
solutions in order to minimise the 
contamination impact. Monitoring boreholes 
have to be drilled downstream of the 
planned dump. 
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groundwater 
table. 

Use water obtained from dewatering in other 
mining processes where possible. Ensure 
water supply to local users is not affected by 
dewatering drawdown and if they are, supply 
with alternative source. 
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Contamination 
of 
groundwater 

A procedure for the storage, handling and 
transport of the different hazardous 
materials will be drawn up and strictly 
enforced. Ensure vehicles are in good 
working order and drivers are trained and 
that good housekeeping rules are applied. 
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Table 8: Mining – Operational Phase  

     Assessment of Impacts 
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impact 
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rock dump 

Waste rock 
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Contamination 
of 
groundwater 

In order to minimise the contamination 
impact of the waste rock dump it is 
recommended that any water leaving the 
dump be intercepted by cut off trenches or 
similar engineered solutions. Monitoring 
boreholes have to be drilled downstream 
of the planned dump in order to monitor 
the remediation. 
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Use water obtained from dewatering in 
other mining processes where possible. 
Ensure water supply to local users is not 
affected by dewatering drawdown and if 
they are, supply with alternative source. 
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A procedure for the storage, handling and 
transport of the different hazardous 
materials will be drawn up and strictly 
enforced. Ensure vehicles are in good 
working order and drivers are trained and 
that good housekeeping rules are applied. 
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Table 9: Mining – Post Closure Phase 

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description of 
impact 

Environmental impact management 
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Groundwater will eventually decant from the 
pit and discharge into the rivers.  This water 
can be use for water supply by the local 
farmers. 
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In order to minimise the contamination impact 
of the waste rock dump it is recommended 
that any water leaving the dump be 
intercepted by cut off trenches or similar 
engineered solutions. Monitoring boreholes 
have to be drilled downstream of the planned 
dump in order to monitor the remediation. 
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Table 10: Infrastructure – Construction Phase  

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description of 
impact 

Environmental impact management 
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of sites 
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groundwater 

Clean and process/contaminated 
water must be separated and 
contaminated water should be 
recycled within the engineered 
environment or evaporated at a 
designated disposal site 
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A procedure for the storage, handling 
and transport of the different 
hazardous materials will be drawn up 
and strictly enforced. Ensure that 
vehicles are in good working order and 
drivers are trained and that good 
housekeeping rules are applied. 
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disposal site 
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The waste disposal site must be 
designed and constructed and 
managed to prevent leachate from 
reaching the groundwater.  
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Sewage should be treated in the 
sewage treatment plant and the 
residuals disposed of in a controlled 
manor. Sewage effluent to be treated 
to specified minimum requirements 
and used in the mining or metallurgical 
processes. 
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Table 11: Infrastructure – Operational Phase  

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description of 
impact 
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contaminated water should be 
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environment or evaporated / disposed 
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and strictly enforced. Ensure that 
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drivers are trained and that good 
housekeeping rules are applied. 
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The waste disposal site must be 
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Sewage must be treated in the 
sewage treatment plant and the 
residuals disposed of in a controlled 
manor. Sewage effluent must be 
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requirements and used in the mining 
or metallurgical processes. 
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Table 12: Infrastructure – Post Closure Phase 

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description of 
impact 
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After closure the industrial waste site 
must be closed down and capped in 
order to prevent further recharge to the 
dump from precipitation. When 
recharge is prevented the industrial 
waste site will gradually dry out and 
the whole dam should render 
effectively inert. The 
monitoring/remediation boreholes 
should stay in operation until the dam 
is dried out. 
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Table 13: Metallurgical Operations – Construction P hase 

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description of 
impact 

Environmental impact management 
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groundwater 

Clean and process/contaminated 
water must be separated and 
contaminated water should be 
recycled within the engineered 
environment or evaporated at a 
designated disposal site 
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storage of 
hazardous 
materials 

Contami-
nation of 
groundwater 

A procedure for the storage, handling 
and transport of the different 
hazardous materials will be drawn up 
and strictly enforced.  Ensure that 
vehicles are in good working order and 
drivers are trained and that good 
housekeeping rules are applied. 
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Table 14: Metallurgical Operations – Operational Ph ase 
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Aspects Activities/ 
Facilities 
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of impact 
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nation of 
groundwater 

In order to minimise the 
contamination impact of the tailings 
dam on groundwater it is 
recommended that any water leaving 
the dam be intercepted by cut off 
trenches, infiltration galleries or 
similar engineered solutions. 
Monitoring boreholes must be drilled 
downstream of the planned tailings 
dam in order to monitor the 
effectiveness of remediation. These 
boreholes have to be used as 
remediation boreholes if required.  
The tailings dam should be located 
within the pit dewatering zone of 
drawdown so that any contaminants 
that might bypass the remediation 
system can be collected by the pit 
dewatering scheme.  

M LT L M HP H L 

O
th
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ea

se
s Spills Operation and 

maintenance 
of facilities 

Contami-
nation of 
groundwater 

Clean and process/contaminated 
water must be separated and 
contaminated water should be 
recycled within the engineered 
environment or evaporated / disposed 
at a designated disposal facility 

L- ST L L P M L 
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     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description 
of impact 

Environmental impact management 
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s Spills Loading and 

hauling of 
hazardous 
materials 

Contami-
nation of 
groundwater 

A procedure for the storage, handling 
and transport of the different 
hazardous materials will be drawn up 
and strictly enforced. Ensure vehicles 
are in good working order and drivers 
are trained 
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Table 15: Metallurgical Operations – Post Closure P hase 

     Assessment of Impacts 

Aspects Activities/ 
Facilities 

Description 
of impact 

Environmental impact management 
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Seepage from 
tailings dam 

Tailings dam Contami-
nation of 
groundwater 

In order to minimise the 
contamination impact of the tailings 
dam on groundwater it is 
recommended that any water leaving 
the dam be intercepted by cut off 
trenches, infiltration galleries or 
similar engineered solutions. 
Monitoring boreholes must be drilled 
downstream of the planned tailings 
dam in order to monitor the 
effectiveness of remediation. These 
boreholes have to be used as 
remediation boreholes if required.  
After closure the tailings dam should 
be covered with top soil, landscaped 
and vegetated to allow it to dry out.  

L ST L M HP H L 

 

Based on the above ratings it can be concluded that mine dewatering could impact on existing 

boreholes, albeit the number is unknown due to refusal of the landowners for permission to conduct 

a survey of their boreholes. 

4.7 Mitigation measures 
The objective of implementing mitigation measures is to reduce potential negative impacts from the 

construction and operation of the planned mine, or to optimise positive impacts.  Based on this, it is 

accepted that appropriate mitigation practices will form part of the construction and operation of the 

proposed mining project.  The following measures should be considered in order to reduce the 

significance rating of the potential impacts and to improve operation of the mine plant: 

• The impact of dewatering on the flow of the Krom Antonies River could be mitigated 

and reduced by sealing of major permeable bedrock structures such as faults by grouting.  

Drawdown in the upper unconfined sandy aquifer can be limited by installation of  
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cut-off berms or impermeable slurry /cut-off walls installed to the impermeable clay 

layer structures installed to the impermeable clay layer; 

• Affected existing groundwater users in the area of drawdown could be financially 

compensated for their groundwater losses or water can be supplied to them from the pit 

dewatering scheme, boreholes deepened or new ones drilled. 

• Contamination of the soil and groundwater by accidental spills of chemicals, fuel, oil and / or 

grease must be kept to a minimum by applying a good ‘housekeeping’ approach.  In the event of 

any such spillages, procedures must be in place to quickly and effectively repair any leakages 

and remove the contaminated soil.  This soil must be collected and disposed of at a suitably 

licensed waste disposal facility. 

• To obtain baseline information and monitor the impact of abstraction on the groundwater system 

a groundwater monitoring scheme must be set up.  The monitoring holes should be equipped 

with digital water level and EC loggers.  These boreholes must be installed and the monitoring 

initiated at least twelve months before construction and mining operations commence.  

Implementation of such a groundwater monitoring programme is essential, as it will provide 

information on groundwater quality and water level variation from which the extent of the 

impact of abstraction can be determined. It forms a legally defensible database against which any 

claims of surrounding land owners or the DWAF and mitigation measures can be gauged. 

• It is envisaged that the clay material excavated during pit construction will be used for lining of 

areas where there is a contamination risk such as the plant and tailings (slimes) dam.   

• The tailings dam, plant, and waste-rock dump indicated in the current conceptual mine layout 

plan should be re-located as far as possible from the 1:100 year floodplain and receptors 

sensitive to contaminants, e.g. the Krom Antonies River, other drainage features and wetlands. 

• Facilities which pose a contamination risk to the groundwater should be located a far as possible 

from highly transmissive fault structures to minimise the risk of contaminant propagation along 

these zones. 

• In order to minimise the contamination impact of the waste rock dump it is recommended that 

any water leaving the dump be intercepted by cut off trenches or similar engineered solutions. 

Monitoring boreholes should be drilled downstream of the dump in order to monitor the 

situation. 

• In order to minimise the contamination impact of the tailings dam on groundwater it is 

recommended that cut off trenches, infiltration galleries or similar engineered solutions be 

installed. Monitoring boreholes should be drilled downstream of the dam in order to monitor the 

situation. These boreholes could also be used as remediation boreholes if required.  The tailings 

dam should be located within the pit dewatering zone of drawdown so that any contaminants that 

might bypass the remediation system can be contained by the pit dewatering scheme. 

• Sewage should be treated in the sewage treatment plant and the residue disposed of in a 

controlled manner. Sewage effluent should be treated to specified minimum requirements and 

used in the mining or metallurgical processes. The treatment plant should be designed and 

constructed and managed to prevent untreated sewage from reaching the groundwater. 
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5 Conclusions 
In light of the information and data presented in this report, the following conclusions are made: 

Status Quo/Baseline 

The baseline conditions pertaining to groundwater at the site can be summarised as follows: 

• The Site is located in the Quaternary catchment G30D.  The study area is mainly drained by the 

north-westerly flowing perennial Krom Antonies River and its tributaries which include the 

perennial Kruismans River in the north and the Eselshoek River in the west.  The mean annual 

runoff for the upper Krom Antonies River catchment (G30D) is estimated at 4.29 Mm3/a. 

• The mining area and Krom Antonies River Valley floor is underlain by ~10 – 30 m of 

Tertiary/Recent unconsolidated alluvial and clay deposits. The bottom clay layer varies in 

thickness from ~3 to ~25 m whilst the overlying layer of alluvial sandy soil, pebbles and 

boulders varies in thickness from ~3 m to ~12 m. 

• These Tertiary/Recent deposits are underlain by sandstone and minor shale of the TMG and by 

older meta-sedimentary rocks of the Malmesbury Group.  The Malmesbury rocks have been 

intruded by the Riviera Granite Pluton, which forms part of the Cape Granite Suite.  The Krom 

Antonies River Valley is bounded in the east, west and south by hills and mountains formed by 

quartzitic sandstones of the TMG. 

• Two types of aquifers occur in the study area, namely an unconfined primary or intergranular 

aquifer formed by the alluvial sediments in the valley and a semi-confined secondary or 

fractured-rock aquifer formed by secondary openings (fractures, joints and solution cavities) in 

the crystalline and hard-rock formations. 

• The Riviera Granite Pluton has intruded an older north-west trending isoclinal fold structure that 

developed during an earlier deformation of the Malmesbury Group.  Subsequent Mesozoic 

tensional tectonics has resulted in a swarm of steeply dipping north-west trending normal faults 

forming graben-horst structures showing significant displacements along some faults.  The 

Riviera deposit has been elevated to its current position by a horst block flanked by two north-

west striking normal faults. 

•  Groundwater level depths range from ~21 m along the valley slopes to 1 m in the valley 

floor near the Krom Antonies River.   

• Groundwater flows locally from the higher lying valley flanks to the Krom Antonie River and 

regionally in a north-westerly direction and towards the mouth of the Krom Antonies River 

Valley.  

• Good quality groundwater, with EC <80 mS/m, occurs in the predominantly arenaceous 

TMG rocks, while EC in the Cape granite ranges between 150 and 300 mS/m. 

Groundwater in the Malmesbury rocks is generally brackish, with ECs commonly 

ranging from 300 to 800 mS/m, and in places exceeding 1 000 mS/m. 
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• It is envisaged that most of the landowners in the valley will use groundwater to some 

extent for domestic use, stock watering and irrigation.  The extent of this use and 

number of abstraction points are unknown at this stage. 

• The mean annual potential recharge from rainfall for this sub-catchment varies between 

2.4 Mm3 during wet periods and 1.6 Mm3 during dry periods. 

• The results of the preliminary numerical modelling indicate that impacts due to mining are likely 

to be localised.  This is especially true in the case of potential groundwater contamination and pit 

dewatering.   

• The preliminary numerical model indicates that impacts due to dewatering are limited to a zone 

of ~1.8 km radius for the starter pit and ~3 km radius from the final pit. Groundwater inflow for 

the starter pit is estimated at ~2 700 m3/d and 10 550 m3/d for the final pit. 

• Based on the numerical flow model it is estimated that the Krom Antonies River could lose 

~0.07 m3/d of water for every metre of river front in the zone of dewatering.  If it is assumed that 

~66% of the zone of impact extents to the river front, the total volume of water that potentially 

could be lost from the river amounts to ~80 m3/d (~30 300 m3/a) for the starter pit and ~140 m3/d 

(~51 000 m3/a) for the final pit.  These figures equate to ~0.7% and 1.2%, respectively, of the 

~4.3 m3/a mean annual runoff estimated for the upper Krom Antonies River Catchment (Ninham 

Shand, 2009). 

• After cessation of mining operations the water level in the pit is expected to slowly rebound but 

will not reach the pre-dewatering level due to evaporation eventually exceeding inflow.  During 

the first ~35 years the water level is expected to slowly rise by ~150 m, which is a rebound rate 

of ~4 m/year.  Thereafter the rebound rate will decrease to ~1 m/year before stabilising at ~15 m 

below the pre-mining level.  The pit will therefore always acts as a sink with a zone of depressed 

water levels around it. 

 

In conclusion, numerical models cannot simulate all the heterogeneities of a complex system such as 

the aquifer systems found on and around the site and can only provide an indication as to how the 

system functions and how much groundwater can be abstracted.  In this case inflows and the 

movement of contaminants are mainly going to be dependent on geological formations, lineaments 

and their hydraulic parameters.  The upper unconfined sand aquifer is likely to contribute a 

considerably percentage of inflow to the mine and also is likely to be the most important conduit for 

movement of contaminants.  The low permeable clay layer, however, should limit the vertical 

movement of contaminants and prevent them from migrating to the secondary bed-rock aquifer.  

Faults in the secondary semi-confined aquifer can form conduits of preferential groundwater flow, 

which can cause sudden large but often short-lived inflows into mines.  No on-site tested aquifer 

parameters were available for such lineaments and fault zones for the preliminary modelling 

exercise.   
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6 Recommendations 
Based on the findings of this report it is recommended that the following activities be carried out as 

part of a Phase 2 investigation: 

• Site, drill and test suitable hydrogeological exploration boreholes to obtain aquifer hydraulic 

parameters for the various geological formations.  

• A detailed hydrocensus of boreholes, springs and dug wells in the Krom Antonie River Valley to 

confirm existing borehole positions, groundwater use, groundwater levels and quality.  

• That a baseline monitoring system be established. 

• Re-calibrate the numerical model once this new information has been collected. 

• Update the modelling scenarios with the new information. 

• Carry out a full EIA specialist hydrogeological study. 

 

 

 

D Visser Pr Sci Nat M Goes Pr Sci Nat 

Principal Hydrogeologist Senior Hydrogeologist 

SRK Consulting 

 

 

 

I Dennis Pr Sci Nat  

Principal Consulting Scientist,  

Institute for Groundwater Studies UOFS 
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Appendices 
 

Appendix 1 Criteria used for Impact Assessment 
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Impact Assessment 
 

For each of the two project phases (construction and operation), the existing and potential future 

impacts (both positive and negative) associated with the proposed development must be indicated 

using the criteria provided below in the tabular format. In exceptional circumstances, a 

decommissioning phase can also be included in the assessment. The assessment criteria are 

provided here for reference purposes but must not be included in the specialist report. The impact 

assessment section of the Environmental Impact Report will provide an explanation of the criteria. 

 

a) Nature of the impact 

 

This is an appraisal of the type of effect the proposed activity would have on the affected 

environmental component. Its description should include what is being affected and how it is being 

affected, and whether the impact is expected to be positive or negative. E.g. “Destruction of 

populations of species x and y”. However, descriptions such as "Impact on species x and y” or 

“Impact on surface water resources” should be avoided, since they do not convey the nature of the 

impact or indicate whether the impact is positive or negative.  Also indicate to what extent these 

impacts contribute to cumulative (e.g. water supply) or regional impacts (e.g. Masterplan). 

 

b) Scale 

 

Scale is an indication of the physical and spatial size of the impact. This is classified on the following 

scale: 

 

Local L The impacted area extends only as far as the activity itself, e.g. a footprint 
Site S The impact could affect the whole, or a measurable portion of the site. 
Off-site OS The impact could affect the area surrounding the development, including the 

neighbouring properties. 
Regional R The impact would affect the broader region (e.g. neighbouring towns) beyond 

the boundaries of the adjacent properties. 
National N The impact would affect the whole country (if applicable) 
 

The narrative part of the description of the impact (see below) must contain, where possible, a 

quantification of the scale of the impact, e.g. how many hectares of rocky highveld grassland will be 

affected or how many specimens of a red data plant will be affected.  

 

c) Duration 

 

Duration refers to the time frame over which the impact is expected to occur, which is measured in 

relation to the lifetime of the proposed project. 
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Short term ST The impact will either disappear with mitigation or will be mitigated through a 
natural process in a period shorter than 2 years. 

Medium term MT The impact will last up to the end of the construction phase, where after it will 
be entirely negated. 

Long term LT The impact will continue for the entire operational lifetime of the development, 
but will be mitigated by direct human action or by natural processes thereafter. 

Permanent P This is the only class of impact that will be non-transitory. Such impacts are 
regarded to be irreversible, irrespective of what mitigation is applied. 

 

d) Intensity 

 

Intensity refers to the degree or extent to which the impact alters the functioning of an element of the 

environment or a life-support service that is provided by the environment.  Intensity is classified on 

the following scale: 

 

Low L The impact alters the environment in such a way that the natural processes or 
functions can continue with virtually no affect. 

Medium M The affected environment is altered, but functions and processes continue, 
albeit in a modified way. 

High H Functions or processes of the affected environment are disturbed to the extent 
where they cease completely. 

 

e) Probability 

 

Probability describes the likelihood of the impacts actually occurring (based on previous experience 

with similar projects or based on professional judgement). The probability classes are rated on the 

following scale: 

 

Improbable I The possibility of the impact occurring is very low, due either to the 
circumstances, design or experience. 

Probable P There is a possibility that the impact will occur to the extent that provisions 
must therefore be made. 

Highly 
probable 

HP It is most likely that the impacts will occur at some stage of the development. 
Plans must be drawn up to mitigate the activity before the activity commences. 

Definite D The impact will take place regardless of any prevention plans. 
 

f) Determination of significance - without mitigati on 

 

Significance is determined through a synthesis of the above impact characteristics, and is an 

indication of the overall importance of the impact. The significance of the impact "without mitigation" 

is the prime determinant of the nature and degree of mitigation required and is one of the most 

important factors to take into account during decision-making. Significance is rated on the following 

scale:  
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No 
significance 

NS The impact is not substantial and does not require any mitigation action.  

Low L The impact is of little importance, but may require limited mitigation. 
Medium M The impact is of importance and is therefore considered to have a negative 

impact.  Mitigation is required to reduce the negative impacts to acceptable 
levels. 

High H The impact is of great importance. Failure to mitigate, with the objective of 
reducing the impact to acceptable levels, could render the entire 
development option or entire project proposal unacceptable. Mitigation is 
therefore essential 

 

In deciding on the significance, the specialist must take into account all the impact criteria including 

scale, duration, intensity and probability. When taking into account the influence of scale on 

significance, it must be borne in mind that an impact with a small scale does not necessarily imply 

that the impact can be regarded as insignificant. In spite of small scale, some impact, by their nature 

or intensity, must be still be regarded as highly significant.  

 

g) Determination of significance - with mitigation 

 

This is the predicted significance of the impact after the successful implementation of the suggested 

mitigation measures. Significance with mitigation is rated on the following scale: 

 

No 
significance 

NS The impact will be mitigated to the point where it is regarded to be 
insubstantial. 

Low L The impact will be mitigated to the point where it is of limited importance. 
Medium M Notwithstanding the successful implementation of the mitigation measures, the 

impact will remain of significance. However, taken within the overall context of 
the project, such a persistent impact does not constitute a fatal flaw 

High H Mitigation of the impact is not possible on a cost-effective basis. The impact 
continues to be of great importance, and, taken within the overall context of 
the project, is considered to be a fatal flaw in the project proposal 

 

h) Confidence 

 

Confidence describes the level of certainty that specialists have in the accuracy of their predictions 

with respect to any of the assessment criteria (and by implication, with respect to significance). 

Should there be any factors that could bring into doubt the accuracy of the predictions (e.g. red data 

species searches undertaken outside of the flowering season or key research data being 

unavailable) this compromises the level of confidence in the assessment of an impact.  Should there 

be factors that seriously compromise the level of confidence these factors must be explained in the 

narrative description of the impacts. Confidence must be indicated according to the following scale: 
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Low L The prediction is made in the absence of key information. There is a high 
degree of uncertainty associated with the prediction of the impact. 

Medium M The majority of the necessary information for predicting the impact was 
available. There is some uncertainty associated with the prediction of the 
impact.  

High H Virtually all the necessary information for predicting the impact was available, 
with exception of insignificant pieces of information that would not materially 
affect the outcome of the prediction. 

Definite D All necessary information was available for the prediction of the impact. There is 
no uncertainty associated with the prediction of the impact.  

 

In order to maintain consistency in the impact assessment it is required that all potential 

environmental impacts related to the component of the environment being assessed must be listed 

in a table as per the template provided below.  Failure by all the specialists to make use of the same 

criteria will make it difficult to integrate all the specialist findings into a coherent environmental 

impact report with a consistent approach and methodology.  
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