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1 Introduction to groundwater vulnerability assessment
Vulnerability of groundwater is a relative, non-measurable, dimensionless property (IAH, 1994). It is
based on the concept that “some land areas are more vulnerable to groundwater contamination than
others” (Vrba and Zaporozec 1994). Maps showing groundwater vulnerability are useful in planning,
policy and decision-making process concerning groundwater management and protection. They also
help with identification of areas more susceptible to contamination than others. Overlaying these maps
with maps showing the location of each contamination source or land use enables the creation of risk
maps (Gogu and Dassargues, 2000).
There are various methods for assessing groundwater vulnerability and the main ones are described in
Gogu and Dassargues, 2000. These include SINTACS, GOD, SEEPAGE, the AVI Rating system, ISIS, EPIK
and DRASTIC. DRASTIC has been identified as the most appropriate method since it is suitable for
regional applications and the required input data was accessible (Berkhoff, 2008). For this reason, only
the DRASTIC method for groundwater vulnerability assessment was employed in this investigation.
Additional information on the alternative methods is provided in Gogu and Dassargues (2000).

2 DRASTIC
DRASTIC is a model for evaluating pollution potential of large areas and its name is an acronym derived
from seven parameters required for its use. These are:
Depth to water table
Recharge (net)
Aquifer media
Soil media
Topography
Impact of the vadose zone
Conductivity (Hydraulic)
DRASTIC involves the overlay of various hydrogeological settings available, which could describe soil
type, bedrock type, rainfall and net recharge estimate, aquifer yield and any other features associated
with the setting (Piscopo, 2001). Table 1 summarises the type of data required and this is also discussed
in more detail in the following paragraphs.
The depth to water is the distance the contaminant has to travel before reaching the aquifer and
indicates the contact time with the surrounding media. In a confined aquifer, due to the low
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permeability of the confining media, the travel of contaminants is slowed down and the contaminants
cannot easily reach the aquifer. These types of aquifers are therefore less vulnerable to pollution when
compared to unconfined aquifers (Hasiniaina et al., 2010).
Recharge indicates the amount of water per unit area of land penetrating the ground surface and
reaching the water table (Aller et al., 1987). This water is therefore available to transport a contaminant
vertically to the water table and horizontally within the aquifer. The quantity of water available for
dispersion and dilution in the aquifer is controlled by this recharge. Recharge to the aquifer occurs more
readily in an unconfined aquifer and therefore the pollution potential is greater than in confined
aquifers. In some confined aquifers, the movement of water might be through the confining bed from
the confined aquifer into the unconfined aquifer. In such a case, there is small opportunity for local
contamination. Some confined aquifers are partially recharged by the movement of water through the
confining bed, the more the water, the greater the potential for recharge to carry pollution into the
aquifer (Aller et al., 1987)
An aquifer is a rock formation which will yield sufficient water quantities for use. Rocks which produce
water from pore spaces have primary porosity and those where water is held in fractures, for example,
have secondary porosity (Aller et al., 1987). The aquifer media describes the characteristics of the
aquifer and is vital in groundwater vulnerability assessment in addition to determining the flow of
water. The aquifer media determines the permeability and the porosity of the medium which the
contaminant is in contact with in the aquifer and these affect the route and path length the
contaminant must follow. The path of groundwater flow is also affected by the fractures in the aquifer.
More fractures would increase the vulnerability to pollution (Hasiniaina et al., 2010).
The contaminant first passes through the soil when it seeps into the ground. The soil media affects the
recharge and the contaminant movement. Fine textured materials such as silts and clays restrict
contaminant migration and decrease soil permeability. These areas have lower vulnerability when
compared to gravels and sands for example which are highly permeable (Hasiniaina et al., 2010).
The topography, referring to the slope and slope variability of the land surface, affects groundwater
vulnerability. It controls the movement of water by concentrating flows in topographic depressions.
Topography controls the likelihood that the pollutants will either runoff or remains on the surface long
enough to infiltrate (Aller et al., 1987).
The vadose zone, also termed the unsaturated zone is the portion of the subsurface in which soil pores
contain either air or water. This zone contains natural organisms with the ability to break down
contaminants into secondary products. The characteristics of the vadose zone therefore determine the
5

contact time with these organisms since the path length and route will be influenced by vadose zone
characteristics (Hasiniaina et al., 2010).
Hydraulic conductivity is the measure of an aquifer’s ability to transmit water when submitted to a
hydraulic gradient. It controls the velocity of groundwater flow which controls the velocity of pollutant
flow through the aquifer. High conductivity equals increased susceptibility to contamination (Hasiniaina
et al., 2010).

Table 1: Summary of data type required for vulnerability assessment (modified from Civita,
1993)

Basic Resource Field

Information Type

TOPOGRAPHY

Elevation, slope variability of land surface, surface runoff paths, stream network density

VEGETATIVE COVER

Land use

CLIMATOLOGY

Precipitation, average temperature, humidity, evaporation, evapotranspiration, solar
radiation, wind speed

SOILS

Thickness, structure, texture, mineralogy, porosity, permeability, moisture, infiltration
capacity, chemical & physical properties, organic matter content.

HYDROGEOLOGY
Unsaturated (Vadose) Zone Depth to water, thickness, lithostratigraphy, effective porosity, vertical effective
permeability, effective flow velocity, fracture index, karst index, infiltration rate index,
travel time of water.
Saturated Zone (Aquifer)

Lithostratigraphy, geological structure, thickness, effective porosity, permeability type
(prima-/secondary), transmissivity, storativity, hydraulic conductivity, aquifer type,
water level fluctuations, hydraulic gradient, flow directions, effective flow velocity and
discharge, groundwater divides, exchanges with surface water bodies and/or adjacent
aquifers. Age and residence time of groundwater.

RECHARGE

Net annual recharge rate, annual precipitation, evaporation, evapotranspiration, air
temperature, air temperature, humidity, solar radiation, wind speed.

WATER USE

Water discharge points (e.g. springs), location of groundwater extraction works, surface
and groundwater sources, distribution and usage, yields and drawdown of
pumping/dewatering plants, location and inflow rate of recharge systems

CHEMISTRY
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Hydrochemistry

Physical and chemical properties of surface and groundwater, chemical markers, isotope
content, age and residence time of water, natural surface and groundwater quality
distribution, characteristic ratios.

Contaminant Features

Physical and chemical characteristics of present contaminants, concentration
(solubility), half-life, persistence, mobility, dispersivity, cation exchange capacity,
biodegradability, volatilization etc.

HUMAN
IMPACT
ON Extent of urban areas, location and type of industrial areas, existing and potential
ENVIRONMENT or LAND USE contamination sources, potential contamination entries, main objects of protection,
agriculture, population density, artificial recharge, irrigation, drainage

MICROBIOLOGY

Microbiological activity and speciation, pH, temperature, wetness.

The equation used for the pollution potential (DRASTIC Index) is:
DRASTIC Index (DI) = DrDw + RrRW + ArAw + SrSw + TrTw + IrIw + CrCw
Where, r is the rating for the area evaluated and
w is the importance weight of the parameter (normally from 1 to 5) – refer to Table 2.

Table 2: Description of parameter weights used when assessing groundwater vulnerability
Weight

Significance

Description

1

Least

Negligible contribution in factors that have an impact on an aquifer

2

Less

Little effect in enhancement or reduction of vulnerability due to the feature

3

Moderate

properties.
Medium effect

4

More

Consideration in the assessment process AND is crucial due to its properties in
relation to aquifer vulnerability.

5

Most

Has the most important properties that could affect aquifer vulnerability.

There following are the assumptions for the DRASTIC model:

i) any contaminant is introduced at the land surface,
ii) the contaminant is introduced into groundwater by precipitation,
iii) the contaminant has the mobility of water,
iv) the area evaluated is 0.4 km2 or more (Kim and Hamm, 1999).
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Leal and Castillo (2003) proposes a modified DRASTIC index that incorporates anthropogenic influences
on groundwater contamination. In this study, landuse is considered to be an important parameter when
assessing groundwater vulnerability since human activities may control the presence or absence of
contaminants. As an example of anthropogenic impacts to groundwater vulnerability, Stigter et al.
(2006) considers the impact of agricultural diffuse pollution on the environment. Consequently, areas
with a high degree of human activity may also have a higher risk of soil and ground water
contamination (Meinardi et al., 1994).
To incorporate the potential anthropogenic sources of contamination, an Anthropogenic Impact (AI)
parameter can be added to the DRASTIC index to obtain the DRASTIC Specific Vulnerability Index (DSVI)
proposed by Leal and Castillo (2003)). The DSVI is defined as
DSVI = DRASTIC Index + AIrAIw
Where AIr is the AI rating, and AIw is the AI parameter weighting.
In his critique on the use of the DRASTIC approach for groundwater vulnerability assessment in South
Africa, Robins et al., 2007 argues that the weight of the recharge parameter should be reduced in order
to ensure that poorly productive but socially important aquifers can be assessed. This recommendation
was adopted in this study as indicated by the weights shown in Section 4.2.

3 Regional groundwater vulnerability assessment in South Africa
Groundwater vulnerability assessment has been done at two scales in South Africa, a regional scale and
a more site specific small scale. The following sections discuss the methods used in each type of study.

3.1 Regional groundwater vulnerability using DRASTIC
In South Africa, Lynch, et al., 1994 have used the DRASTIC method to produce a groundwater
vulnerability map of Southern Africa. For the depth to groundwater parameter, 50 000 boreholes from
the National Groundwater Data Base (NGDB) were used to provide the data and these were
interpolated using the Inverse Distance Weighting approach to get a coverage for the entire country.
For net recharge, the ACRU hydrological simulation model (Schulze, 1990) was used to estimate the
amount of precipitation that will end up as recharge. There was no digital information on aquifer media
and instead, the fourfold classification of rock assemblages according to origin and nature of aquifer
interstices from the National Hydrogeological Map (Vegter, 1992) was used.
The Agricultural Research Council Institute of Soil, Climate and Water (ARC-ISCW) Broad Soil Mapping
Units Map (Schulze, 1990) and the land type digital maps provided the required information about soil
media. Concerning topography, a one minute by one minute of a degree altitude grid (Dent et al., 1988)
was used to estimate the percentage slope.
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The geological units of the 1:1 000 000 Geological Map of South Africa (Visser, 1989) were combined
into homogenous response zones on the basis of probable effect of the vadose zone on the physical
retardation of pollutants. No data was available on hydraulic conductivity and thus the parameter was
not used. Table 3 lists the parameters and the ratings assigned.

Table 3: Ratings assigned to groundwater vulnerability parameters (Lynch et al., 1994)
Depth to groundwater (DR)
Range (m)
0–5
5 – 15
15 – 30
> 30

Net Recharge (RR)
Rating
10
7
3
1

Range (mm)
0–5
5 – 10
10 – 50
50 – 100
> 100
Soil Media (SR)

Rating
10
8
6
3

Range
Sand
Shrinking and/or aggregated clay
Loamy sand
Sandy loam
Sandy clay loam and loam
Silty clay loam, sandy clay and silty loam
Clay loam and silty clay

Aquifer Media (AR)
Range
Dolomite
Intergranular
Fractured
Fractured and weathered
Topography (TR)

Rating
1
3
6
8
9

Rating
8 – 10
7-8
6-7
5-6
4-5
3-4
2–3

Range (% slope)
Rating
0–2
10
2–6
9
6 – 12
5
12 – 18
3
> 18
1
Impact of the vadose zone (IR)
Range
Gneiss,Namaqua metamorphic rocks
Ventersdorp, Pretoria, Griqualand West, Malmesbury, Van Rhynsdorp, Uitenhage, Bokkeveld, Basalt,
Waterberg, Soutspansberg, Karoo (northern), Bushveld, Olifantshoek
Karoo (southern)
Table Mountain, Witteberg, Granite, Natal, Witwatersrand, Rooiberg, Greenstone, Dominion, Jozini
Dolomite
Beach sands and Kalahari

Rating
3
4
5
6
9
10

The corresponding weights to these parameters were as follows:
Parameter

Weights

Depth to groundwater (Dw)

5

Recharge (Rw)

4

Aquifer media (Aw)

3

Soil Media (Sw)

2

Topography (Tw)

1

Impact of vadose zone (Iw)

5

Hydraulic Conductivity (Cw)

3
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3.2 Other methods for vulnerability assessment in South Africa
The more recent work on groundwater vulnerability assessment in South Africa is in a report published
Saayman et al., 2007. They separated the vulnerability into two types, one for the unsaturated zone and
the other for the saturated zones. For the unsaturated zone they used the AQUISOIL (Aquifer
Vulnerability Soil Assessment) and a modified DRASTIC approach, called “EUZIT” (Excel-based
Unsaturated Index Tool).
AQUISOIL comprises three types of vulnerabilities which are rated for each single layer and weighted
according to thickness; i.e.:

i) chemical, using pH, clay and organic carbon content
ii) hydraulic, using a permeability index which is based on soil texture and
iii) climatic vulnerability which uses a leaching or recharge index.

EUZIT considers the unsaturated zone thickness, vertical hydraulic conductivity, flow mechanism, travel
time, recharge, slope, contaminant sorption and decay (degradation). These parameters were
weighted, rated and combined to produce the unsaturated zone vulnerability index (Saayman et al.,
2007).
For assessing vulnerability of a saturated zone, they propose the use of (numerical) geochemical and
reactive transport models and also a second approach that generalise contaminant transport by an
analytical equation. The first approach uses the PHREEQC-2 software and the second proposes the use
of software like MT3DMS, PHT3D, BIOPLUME III, BTEX and the BIOCHLOR code.
Because these models require a lot of data that is often not available at regional scale, they are more
applicable to catchment scale study. In this case, the methods were successfully tested on a waster
disposal site (approx 3 x 2 km) and an irrigation site (about 1.5 x 1.5 km) (Saayman et al., 2007).

4 Methodology
The DRASTIC approach involves two steps, the rating and the weighting of parameters.

4.1 Rating of parameters
The first step in using DRASTIC method is to rate the different classes of the eight parameters according
to the purpose of the study and the properties of different units of the area under research. For this
purpose, the Analytical Hierarchy Process (AHP) by Saaty (1980) for multicriteria decision analysis was
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used. This process was also used by Thirumalaivasan and Karmegam to assess the Upper Palar
Watershed and by Seabra et al., 2009 in a study in Rio de Janeiro, Brazil.
AHP involves the following three steps (Saaty, 1980):

i) Define the problem; in this case it is ranking the parameters that affect groundwater vulnerability.
ii) Creating a structural hierarchy from the goal at the top, then the objectives and lastly the
criteria/parameters.

iii) After creating the hierarchy, the various parameters are evaluated by comparing them to one
another one (in pairs) at a time assessing which of the two is more important relative to
vulnerability. In making the comparisons; data about the parameters or expert judgments about the
parameters’ relative meaning and importance can be used.

iv) Pairwise comparison matrices are constructed from the results and these are used to weight the
collective parameters against each other till final weighting values are obtained for all parameters.

4.2 Weighting of parameters
The next step is the assigning of weights for each of the different classes in each parameter; the values
go from 1 to 5 with 5 being the most significant in aquifer vulnerability and 1 the least significant. The
corresponding weights to these parameters are as follows:
Parameter

Weights

Depth to groundwater (Dw)

5

Recharge (Rw)

3

Aquifer media (Aw)

4

Soil Media (Sw)

2

Topography (Tw)

1

Impact of vadose zone (Iw)

5

Hydraulic Conductivity (Cw)

3

Land use

1

The following sections describe the various parameters and their ratings.
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5 Datasets
This section discusses all the datasets used. The projection used for the map is:
Projection: Albers
False Easting: 0
False Northing: 0
Central Meridian: 24°E
Standard Parallel_1: -30
Standard Parallel_2: -20
Latitude of Origin: 0
WGS84

5.1 Depth to water table
The data for the depth to groundwater map shown in Figure 1 was obtained from Department of Water
Affairs and was derived from water level data for the National Groundwater Database (NGDB). The
lower the depth to groundwater, the shorter the flow path for contaminants and this increases the
potential for contamination of groundwater. This is illustrated by the higher weights and ratings
associated with lower depths as compared higher values.
The final classes, ratings and weight for this parameter are shown in Table 4.

Table 4: Ranking for the depth to groundwater.
Depth
to
groundwater
(m)
<5
5 - 15
15- 30
>30

Rate
5.8
2.03
0.24
0.04
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Figure 1: Depth to groundwater map.

5.2 Net recharge
Recharge is the principal vehicle for leaching and transporting solid or liquid contaminants to the water
table (Aller et al., 1987). The recharge map compiled by DWA as part of the Groundwater Resources
Assessment study of 2004 was used. The map is shown in Figure 2. The ratings and weights of the map
are listed in Table 5.

Table 5: Ratings and weights for the recharge in the study area
Recharge class
<5
5 - 10
10 -50
50-100
>100

Rate
0.03
0.18
0.78
2.24
4.5
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Figure 2: Recharge map used.

5.3 Aquifer media
The type of aquifer affects groundwater vulnerability; the more fractured and the higher permeability
of the rock, the higher the vulnerability. The 1:1 000 000 scale geological map of South Africa from the
Council for Geoscience (Keyser, 1997) was grouped into different aquifer types (see Figure 3). The
ratings and weights assigned to each aquifer are shown in Table 6.

Table 6: The different aquifer types and their ratings and weights
Aquifer Media

Rate

Dolomite

5.1

Intergranular

2.24

Fractured

0.9

Fractured
weathered

and
0.18
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Figure 3: Aquifer media map of South Africa.

5.4 Soil media
The soil media affects the vulnerability of groundwater to contamination. For example, soils with a high
organic matter or high clay content lessen the potential for contamination when compared to soils with
a low clay and organic matter content. Consequently, sandy soils are assigned a higher rating and
weight than clay soils.
The soil data was acquired from the Water Resources Assessment Study done in 1990 (Midgley et al.,
1994) based on data from the Agricultural Research Council Institute for Soil, Climate and Water (ARCISCW). Figure 4 shows the broad soil texture classes in South Africa. The ratings and the weights are
shown in Table 7.
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Figure 4 : Soil texture map.

Table 7: Weights and ratings assigned to the different soil types (Sa = sand, Lm = loam, Cl –
clay and the number represents the proportion of each soil type in the area).
Soil group
A

B

C

Types of soil
Sa - SaLm 100
Sa 100
Sa - LmSa 100
Sa 90 LmSa - SaLm 10
SaClLm - SaCl 30 Sa - SaLm 60
Sa 90 SaClLm - SaCl 10
Sa - LmSa 60 SaLm 35
Sa 80 SaClLm - SaCl 15
LmSa - SaLm 100
SaClLm 70 SaCl - Cl 25
SaClLm - SaCl 15 LmSa - SaLm 80
LmSa - SaLm 70 SaCl - Cl 30
LmSa - SaLm 80 SaClLm 15
LmSa - SaLm 25 SaClLm - Cl 70
LmSa - SaLm 65 SaClLm - SaCl 25
SaClLm - SaCl 30 Sa - SaLm 60

Rate
4.56
5.7
4.56
4.56
1.82

0.72
0.48
0.48
0.48
0.6
0.48
0.6
0.6

16

D

LmSa - SaLm 20 SaClLm 70
SaLm - SaClLm 100
Sa - LmSa 50 SaLm - SaClLm 50
SaLm 100
LmSa - SaLm 60 SaClLm - SaCl 30
Sa - LmSa 70 SaLm - SaClLm 25
Sa - LmSa 25 SaLm - SaClLm 70
LmSa - SaLm 35 SaClLm - SaCl 60
LmSa - SaLm 45 SaClLm 50
SaClLm - SaCl 65 SaLm 30
SaLm 60 SaClLm - SaCl 35
LmSa - SaLm 40 SaClLm - SaCl 55
SaClLm 100
Sa - LmSa 20 SaLm - SaCl 75
Sa - LmSa 50 SaLm - SaClLm 45
SaLm 60 SaClLm - SaCl 40
LmSa - SaLm 60 SaClLm 30
SaClLm 60 LmSa - SaLm 35
LmSa 60 SaLm - SaClLm 35
Sa - LmSa 70 SaLm - SaClLm 30
SaLm 60 SaClLm 40
LmSa - SaLm 70 SaClLm 30
Sa - LmSa 80 SaLm - SaClLm 15
LmSa - SaLm 20 SaClLm 75
LmSa - SaLm 50 SaClLm - SaCl 45
SaClLm 20 SaCl - Cl 75
SaClLm 30 SaCl - Cl 50
SaClLm 30 SaCl - Cl 65
SaCl - Cl 100
SaLm - SaClLm 30 SaClLm - SaCl 65
SaLm - SaClLm 60 SaCl - Cl 30
SaClLm - SaCl 100
SaClLm 50 SaCl 40
SaLm 20 SaClLm - SaCl 70
SaClLm 30 SaCl 65
SaLm 15 SaCl - Cl 80
SaLm - SaClLm 25 SaClLm - SaCl 70
SaCl 10
SaLm 25 SaClLm - SaCl 70
SaLm 35 SaClLm - SaCl 60

0.48
0.48
0.72
0.6
0.6
0.72
0.6
0.48
0.48
0.48
0.48
0.48
0.48
0.6
0.72
0.48
0.6
0.6
0.6
0.6
0.48
0.6
0.6
0.48
0.6
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18

5.5 Topography (slope)
In areas of shallow slope there is a greater chance of the pollution infiltrating the aquifer as opposed to
areas of steep slope (where the pollutant is more likely to run off).The 90 metre STRM data was used
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for the topography. This was converted to slope values using ArcGIS 3D Analyst. The slope map is shown
in Figure 5 and the weights and the ratings for the different slope classes are shown in Table 8.

Figure 5: Slope classes used for the study area.
Table 8: Slope classes and their weights and ratings
Slope
0-2°
2-6°
6-12°
12-18°
>18°

Weight
10
9
5
3
1

Rate
0.37
0.35
0.17
0.08
0.03

5.6 Impact of the vadose zone
The type of the vadose zone media affects the vulnerability of groundwater. This parameter involved
the consideration of the properties of the aquifer including the soil porosity, the permeability and the
depth to water levels. Considering these characteristics, values were assigned to each aquifer media
derived from the 1:1 000 000 million geology map. The values are shown on the map in Figure 6 and the
parameters and ratings are shown in Table 9.
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Figure 6: The different classes for the impact of the vadose zone parameter.

Table 9: The ratings for the impact of the vadose zone parameter
Range

Rating

Group A: Gneiss,Namaqua metamorphic rocks
0.18
Group B: Ventersdorp, Pretoria, Griqualand West, Malmesbury, Van Rhynsdorp, Uitenhage, Bokkeveld, Basalt,
Waterberg, Soutspansberg, Karoo (northern), Bushveld, Olifantshoek
0.24
Group C: Karoo (southern)
0.65
Group D: Table Mountain, Witteberg, Granite, Natal, Witwatersrand, Rooiberg, Greenstone, Dominion, Jozini
1.38
Group E: Dolomite
5.22
Group F: Beach sands and Kalahari
5.80

5.7 Hydraulic conductivity
Hydraulic conductivity values were assigned to the different aquifer types (see Figure 3). These
approximate values were taken from geology literature which lists typical values for different geology
types. There were no field measurements conducted to verify these values. The ratings and weights are
listed in Table 10. The higher the conductivities, the greater the weight and rate assigned.
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Table 10: The ratings and weights for the hydraulic conductivity of different aquifer types
Slope

Hydraulic Conductivity

Rate

Dolomite
Integranular
Fractured
Fractured and weathered

1x104 – 1x102
2
1
1x10 – 1x10
1
-5
1x10 – 1x10
1
-1
1x10 – 1x10

6
1.47
0.4
0.16

5.8 Land use
The land use has an effect of groundwater vulnerability. Irrigation water or agricultural chemical lead to
the occurrence of non-point source pollution hence cultivated areas are assigned higher ratings than
other land use classes. According to Merchant (1994) cited in Secunda et al., 1998, extensive agriculture
land use over prolonged periods of time at the same area can result in the altering of the soil colloidal
nature and the degree of percolation through the soil matrix.
Areas with a high degree of human activity, i.e. built up urban areas have a high risk of soil and
groundwater contamination (Meinardi et al., 1994). Mine and quarries, dongas and sheet erosion also
significantly contribute to groundwater pollution. The National land cover map created from 1994
Landsat satellite imagery was used in this study. Figure 7 shows the generalized classes for the map and
Table 11 the weights and ratings.

Table 11: The ratings and weights for the land use
Land use class
Barren rock
Cultivated permanent
Cultivated temporary
Degraded land
Built-up land
Wetlands
Waterbodies
Mines & quarries, dongas, sheet erosion scars
Forests
Herbland, Shrubs, Fynbos
Grassland (Improved and unimproved)

Rate
0.05
5.13
4.56
1.3
5.7
0.05
0.36
4.56
0.05
0.05
0.1
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Figure 7: Generalised land use map of South Africa.

6 Results
The layers were created for the different parameters and converted to raster grids using Spatial Analyst
in ArcGIS. The groundwater vulnerability map was then created by multiplying the different parameters
with their weights and adding them together. The resulting map is shown in Figure 8 and the data has a
resolution of 150 x 150 metres.
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Figure 8: The resulting vulnerability map of South Africa.
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7 Verification
Pathak and Hiratsuka (2011) used nitrate concentration to verify his groundwater vulnerability
maps. Another approach is to correlate between groundwater vulnerability and poor water
quality. Similar approaches were followed in this study with the use of nitrate level maps and EC
maps as a comparison to the groundwater vulnerability. The only problem with the use of
nitrate concentration and water quality values in South Africa is that there is a scarcity of data in
some parts of the country (Maherry et al., 2010).
Comparing the nitrate concentration maps (Figure 9 and Figure 10) with the vulnerability map
shown in Figure 8 indicates some correlation with vulnerability especially in the Northern Cape
and the Eastern Cape, which are areas of high vulnerability and also have high concentrations of
nitrate levels in groundwater.

23

Figure 9: Average NO3+NO2 as N greater than 10 mg/L per sampling station until 2008
(from Maherry et al., 2010).

Figure 10: Average NO3+NO2 as N greater than 50 mg/L per National Landcover 2000
class (from Maherry et al., 2010).
Comparison of the groundwater vulnerability map with EC levels also show a correlation
between areas of high groundwater vulnerability and areas with elevated EC levels in water
(Figure 11). There is some correlation especially around Cape Town and to the north of Kimberly
and the west of Kenhardt where the groundwater is most vulnerable to contamination.
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Figure 11: Comparison of vulnerability and EC maps for South Africa.
The vulnerability map shown in Figure 12 was created from point data that is available in the
Groundwater Resources Directed Measures (GRDM) software from the Department of Water
Affairs; using interpolation. This is the groundwater vulnerability map currently in use in South
Africa. Comparing this map with the one produced in this study shows some similarities
(although the scales are different).
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Figure 12: The vulnerability map available in South Africa.

8 Limitations of vulnerability assessment maps
The overall utility of a vulnerability map is dependent on the scale at which the map has been
compiled, the scale at which data were gathered, and the spatial resolution of mapping (NRC,
1993). Thus, lack of representative data and their relation to the scale of the map are major
limitations. Other limitations include the inadequate description of each system, lack of general
acceptance of the processes involved.
An attempt to extract site-specific information from a map generated for regional planning is a
major potential misuse of a vulnerability map. Each map type should only be used for the
purpose for which it was produced (Vrba and Zaporozec, 1994). Periodical updating of the maps,
adding the disclaimer on maps and educating individuals in using maps can reduce possible
misuse.
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