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CHAPTER 1:
INTRODUCTION

1.1 BACKGROUND

Groundwater is the water found below the earth’s surface, be it in the weathered and fractured bedrock
or in the pore spaces between mineral grains in the rocks. Water beneath the ground originates from
water that falls onto the earth’s surface as precipitation; some of the water runs off over the ground
surface and some infiltrates into the subsurface and eventually percolates through the weathered
material to the underlying solid bedrock. The rock units which store and allow the transmission of

groundwater are referred to as aquifers.

Aquifers may occur in all rock types, including crystalline hard rock, which are also often referred to
as basement aquifers. According to Wright (1992), these aquifers develop within fractured and
weathered igneous and/or metamorphic rocks, mainly of Precambrian age. According to Holland
(2011), topography, lithology, surface water bodies, and brittle tectonics control the development of
fractures and fault zones in crystalline bedrock, as well as the nature and depth of the regolith. In this
research, crystalline rocks refer to the metaphoric rocks (gneiss) and intrusive igneous rocks (granites
and dolerite) found in the study area, namely the area around the Matlala Batholith.

The Matlala Batholith occurs a semi-arid area that receives little rainfall, with a mean annual
precipitation (MAP) of less than 500 mm. The underlying aquifer is crystalline and complex, resulting
in the irregularity of groundwater occurrence and availability. Previous studies have contributed
largely to the understanding of the groundwater resource in the area. Du Toit (2001) investigated
groundwater occurrence at a local scale around the Matlala Batholith to determine whether the contact
between the Matlala Granite and surrounding Goudplaats-Hout River Gneiss is a potential
groundwater target. The results obtained showed that groundwater occurs in the remnant roof section,
which is highly fractured and weathered, and which produces blow yields of over 40 L/s.

Holland (2011) conducted investigations on a regional scale to estimate groundwater recharge using
the chloride mass balance (CMB) method. He included the Matlala Batholith in his study and obtained
a recharge estimate of 0.5% of the MAP at Chloe, which is located approximately 9 km north-north-
east from the Matlala Batholith.

The Matlala Groundwater Monitoring Project was designed by the Department of Water and
Sanitation to monitor groundwater levels in the study area. The primary objective of the groundwater

monitoring network is to observe changes in groundwater quality and level in the regional aquifers.
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Groundwater level data have been collected since 1998 but have not been analysed to estimate

recharge in the area. Unfortunately, groundwater quality data were collected in only 1998 and 2017.

This study focusses on the characterisation of the crystalline aquifers of the Matlala Batholith, with a
specific focus on the recharge to and flow within these aquifers. Although the study considers the
batholith in its entirety, focus is placed on an area near the south-western boundary of the batholith
outcrop where a wellfield (the Matlala wellfield) occurs and where several previous investigations
have been conducted.

1.2 PROBLEM STATEMENT

People residing near the Matlala Batholith are dependent on the groundwater resource for their water
supply. The Matlala wellfield occurs near the south-eastern perimeter of the batholith outcrop. This
wellfield could in future supply the local residents with water for drinking and domestic purposes.
However, the groundwater level response to rainfall and the groundwater flow patterns within the
study area are not well understood, and the amount of water that enters and leaves the system is not

well-defined.

This poor understanding of the crystalline aquifer system in the study area can negatively impact the
sustainable use of groundwater in future. Some of the existing boreholes in the well field could in
future be handed over to the community for domestic water supply, and the risk of aquifer depletion
exists if over-abstraction from the aquifer takes place. It is therefore important to understand the
underlying aquifer system in terms of recharge and groundwater flow to allow determination of a
sustainable abstraction rate. This knowledge will guide future developments in the area which will

likely depend on the groundwater resource.

1.3 RESEARCH QUESTIONS

This study attempts to address the following research questions:

o What is the general groundwater flow patterns in the aquifer system exploited by the Matlala
wellfield?

o What is the rate of groundwater recharge to the Matlala Batholith aquifer?
o What are the dominant recharge mechanisms?

o What is the quality of the groundwater in the study area?
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1.4 AIMS AND OBJECTIVES

Groundwater is currently pumped from the Matlala wellfield with little knowledge of the recharge to
the aquifer system. The main aim of this study is to understand the water level response to rainfall
and to estimate the recharge, and to understand the groundwater flow in the aquifer system in order

to develop a general conceptual hydrogeological model of the area.
To address the aims and research questions of the study, the following objectives are identified:

o To gain an understanding of the characteristics of crystalline aquifers, as well as the
groundwater quality and groundwater recharge mechanisms specific to crystalline aquifers.

o To examine water level variations in the Matlala Batholith aquifer and their relationship to

rainfall.
o To estimate recharge to the Matlala Batholith aquifer as a percentage of the MAP.

o To develop a conceptual model representing the geohydrological condition of the Matlala
wellfield based on ground observations and data analysis.

. To make recommendations for future studies to determine the sustainable abstraction rate from

the aquifer.

1.5 RESEARCH METHODOLOGY

During the investigations, the following actions were taken: a literature review, data acquisition, data

analysis, and data evaluation.

Literature review

o A review of existing literature on the characterisation of crystalline aquifers, groundwater
quality and groundwater recharge specific to crystalline aquifers was performed, with a specific
focus on the groundwater research previously conducted in the study area.

Data acquisition

Data required to achieve the objectives of the studies were obtained from the following institutions:

o Rainfall data from South Africa Weather Service (SAWS).

o Recently collected and archived groundwater level data and groundwater quality data from the
Department of Water and Sanitation (DWS).

o Hydrological data of the Matlala Groundwater Monitoring Project from the project manager
(Mr. du Toit, DWS).
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o Existing groundwater information from GRIP (Groundwater Resource Information Project) and
the National Groundwater Database (NGDB) of the DWS.

Data analysis

Analysis of the data entailed:

Plotting groundwater level and rainfall data in an Excel spreadsheet in order to produce graphs

to assist in evaluating the relationship between the two variables.

o Plotting geochemical data using the AqQA, software program to generate Piper diagrams that

assist in classifying water types in the area.

o Estimating recharge using the chloride mass balance (CMB) method, water table fluctuation
(WTF) method and cumulative rainfall departure (CRD) method.

o Creating a cross-plot of the static groundwater level and surface topography using an Excel

spreadsheet to evaluate the general groundwater flow in the study area.

o Finally, compiling and collating all the results obtained to construct a conceptual

geohydrological model of the Matlala Batholith.

Evaluation

o This phase of the project entailed a discussion of the results obtained from the data analysis,
and their relation to studies previously conducted in the area. The evaluation aimed at
addressing how future groundwater supply and management will be affected by the results of
this study.

1.6 LIMITATIONS OF THE STUDY

Du Toit (2001) previously investigated groundwater occurrence around the Matlala Batholith and
drilled 25 boreholes for his investigation. However, the last phase of the project, which would have
focussed on determining the relationship of rainfall to groundwater level and developing a conceptual
geohydrological model for the area, was not done, mainly due to financial constraints and vandalism
of the boreholes. For the current study the author had to rely heavily on previously collected

groundwater data. The limitations of this study related to data availability include:

o Groundwater quality data could be obtained for only two sampling events (1998 and 2017)
separated by almost two decades. In addition, the available water quality data were obtained for
different groundwater sites, which precluded an evaluation of temporal groundwater quality

trends.
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o In this study, three different methods are used to estimate groundwater recharge to the aquifer
system of the Matlala Batholith. However, the available chemical and water level elevation data
meant that different boreholes had to be used when applying the different estimation methods.
No direct comparison of the estimation results could therefore be obtained for the boreholes

used in this study.

o Although this study does encompass investigations over the entire Matlala Batholith, specific
focus is placed on the Matlala wellfield near the south-eastern perimeter of the batholith outcrop
where more data on groundwater elevations were available. The aquifer system near the

wellfield may not be representative of the aquifer systems at other locations on the batholith.

o Due to vandalism of a rainfall gauge, no rainwater chloride data from the study area were
available to use in the CMB method of recharge estimation and a value obtained from a previous
publication had to be used.

o No long-term mean dry chloride deposition data were available for the study area. The dry
deposition of chloride was therefore assumed to be zero during the recharge estimation with the
CMB method.

o For recharge estimation using the CMB method, the chloride concentrations measured in
different boreholes during a 1998 sampling event were used. During this sampling event,
samples were collected at the depths of the main water strikes after purging of the boreholes.
However, since most boreholes had multiple water strikes, and since no information on which
water strikes were the main strikes is available, the measured chloride concentrations may be
representative of different aquifers. The calculated recharge rates will therefore also represent

recharge to the different aquifers at indeterminate depths.

1.7 DISSERTATION STRUCTURE

This dissertation is structured as follows:

Chapter 1 introduces the research framework, aims and objectives, research methodology, and
limitation of the study, while Chapter 2 gives a review of the literature for groundwater studies
conducted in and around the study area, and general characterisation of the crystalline aquifers. It
further gives an introduction to three different groundwater recharge estimation methods and their

application in crystalline aquifers.

Chapter 3 gives a detailed description of the study area in terms of its regional setting, geological
setting, topography and drainage, climate, geomorphology and water resources. In Chapter 4, the

research methods used in this study to address the aims and objectives are described in detail. In
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Chapter 5 the results of the study are presented and discussed, and compared to those obtained during
previous investigations in and around the study area. A conceptual geohydrological model is
developed for the Matlala Batholith near the Matlala wellfield by incorporating the recharge
estimates, groundwater quality information, ground geophysical results, and geophysical borehole
logging data. Different geological units and structures in the subsurface are identified. Possible

recharge mechanisms are discussed.

Lastly, in Chapter 6 conclusion are drawn from the results obtained from all different recharge
estimation methods and their correlation as well as their relationship to groundwater chemistry and
the underlying geology. A way forward is made for future studies that could assist in fully
understanding the aquifer system in the area and determining a sustainable yield for the Matlala

wellfield.
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CHAPTER 2:
LITERATURE REVIEW

2.1 INTRODUCTION

Chapter 2 is a review of existing literature documentation on characterisation of crystalline aquifers,
groundwater quality and groundwater recharge specific to crystalline aquifers, paying close attention
to groundwater research previously conducted in the area of study. This chapter is divided into three
sections: Section 2.2 reviews previous groundwater studies at the Matlala Batholith, Section 2.3 looks
at the general characterisation of crystalline aquifers and lastly Section 2.4 gives a review of
groundwater recharge estimation methods specific to crystalline aquifers, as well as different case

studies of recharge investigations in and beyond South Africa.

2.2 PREVIOUS WORK CONDUCTED AROUND THE MATLALA
BATHOLITH

A number of studies were conducted in the study area under the supervision of the Department of
Water and Sanitation (DWS). These studies, however, investigated groundwater occurrence in the
contact between the intruding Matlala Batholith and the host Goudplaats-Hout River Gneiss, with the
main focus on borehole siting through geophysical surveys. In these studies, the components of
aquifer recharge and water balance were not defined or considered during the borehole siting.

Research conducted by Du Toit (2001) indicated that groundwater is controlled by local structures
and it mostly occurs in the fractured and weathered remnant roof sections. He further concluded that
the main aquifer is 1) semi-confined and highly weathered and fractured, 2) a double porosity aquifer
system with fractures that are highly permeable with low storage, against a rock matrix with low

permeability and high storage. The main aquifer produced a maximum blow yield of >40 L/s.

More recently, Holland (2011) conducted a study that focused on the hydrogeological characterisation
of crystalline basement aquifers in the Limpopo Province in South Africa. This research also included
the Matlala area; however, the study was focused on a larger scale, covering 23 500 km? in the
province. Similar to the study conducted by Du Toit (2001), Holland’s study also indicated that
groundwater occurrence in the area is structurally controlled and that the area has a complex geology,
He concluded that the remnant roof section is important for recharge and groundwater storage and

transmission of water to the fractured bedrock.

The groundwater levels in the area indicate that although local flow is controlled by fracture
orientation, the regional flow gradient is towards the lower lying areas (Holland, 2011). The author

discussed the conditions of the aquifer system at regional scales and concluded that most aquifers in
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the crystalline bedrocks in Limpopo are semi-confined and capable of receiving diffuse recharge.
This was also supported by the results presented by Du Toit (2001) with the CI/HCOs™-ratio
indicating the presence of young, fresh water.

2.3 CHARACTERISATION OF CRYSTALLINE AQUIFERS

In order to understand the behaviour of crystalline basement aquifers, a thorough overview of their
characteristics is required. This section focuses on reviewing the available literature regarding
groundwater occurrence, flow, quality and also the development of the weathered and fractured

aquifer system within crystalline rocks.

2.3.1 Groundwater occurrence

The occurrence and availability of groundwater depend on the hydrogeological characteristics of the
underlying aquifer. For crystalline aquifers, however, the occurrence and availability of groundwater
are irregular and are also affected by the lithology, surface water bodies, brittle tectonics, and aquifer
properties that govern groundwater storage and movement such as porosity (n), hydraulic head (h),
hydraulic gradient (i), hydraulic conductivity (K), transmissivity (T), storativity (S), and specific yield
(Sy). According to Holland (2011) topography, lithology, surface water bodies, and brittle tectonics
control the development of fractures and fault zones, as well as the nature and depth of the regolith.
In crystalline bedrock, the composite aquifers are developed in the weathered overburden and
fractured zones (Wright, 1992; Gustafson and Krasny, 1994; Holland, 2011).

2.3.2  Development of weathering and fracturing in crystalline aquifers

Weathering occurs when the rocks, soils, and minerals are in contact with the earth’s atmosphere and
water. The weathered material is reduced in size and its original form is changed due to the erosion
of some of the original material. Jones (1985) and Wright (1992) indicated four important factors that
contribute and influence the weathering of crystalline rocks, namely:

o The presence and stress components of fractures. Generally, granitic rocks do not have
weakness planes. Weathering in these rocks occurs quite slowly compared to other layered
rocks. However, in cases where these rocks are fractured, weathering is very common. When
water enters the fractured zones, if the fractures are not interlinked, the water is trapped in the
fractures and this results in a longer reaction time between the water and the silicate minerals
in the granites. With time, the silicate minerals are converted to clay, which eventually results
in the rock cracking. Once the cracks are formed, water can flow and is trapped easily in the

rocks.

- 21 -



Geomorphology of the terrain. The geomorphology and topography of the terrain have a large
influence on weathering, as well as on the direction of groundwater flow. Landforms with a
steeper gradient have much more active weathering than those on low-lying areas. As rainfall,
strong winds, and tectonic activities occur, physical weathering takes place, and the boulders
roll down the hill and abrade the rocks that are exposed on the surface. As this process occurs,
the rocks wear away due to the friction caused between them. The rocks disintegrate, which
forms cracks and as a result water will flow through the rocks and some water will be trapped

in the rocks.

Temperature and occurrence of groundwater. Temperature affects the type and rate of
weathering in different conditions. High rainfall and temperature influence chemical reactions,
as explained below (Figure 2.1). In colder regions, however, frozen water in joints and fractures
expands and causes the rock to disintegrate, resulting in more cracks in the rock. The open
cracks can serve as a flow medium for water and some of the water can be trapped and stored

within the rock mass.

The mineral content of the basement rock. The mineral content affects the rock’s
susceptibility to weathering. Rocks weather differently depending on their mineral content and
the surrounding environment, as shown in Figure 2.1 where Bowen’s reaction series is

presented schematically.
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Figure 2.1: Bowen’s reaction series (Bowen, 1922)

Following Bowen’s reaction series, minerals are stable at the temperature at which they form. If

minerals that form at higher temperatures are exposed to the surface (water), they weather faster

compared to low-temperature minerals on the surface. Granitic rocks consist of three main minerals,

namely alkali feldspar (silica and alumina), plagioclase feldspar (sodium and calcium), and quartz, as

well as small and variable amounts of hornblende and biotite mica, which are low-temperature

- 22 -



minerals. As the silicate minerals in the rocks come into contact with water, they are converted to
clay. As the silicate grains decay and cracks develop in the rock with time as the process occurs, more
cracks develop and this results in the disintegration of the rock, which leads to the weathering of

crystalline rocks.

Furthermore, Twidale and Romani (2005) indicated that differential subsurface weathering (deep
weathering) is one of the stages that attribute to the development of crystalline terrains. The process
results in irregular weathering because of chemical weathering, which occurs due to a reaction
between water and rocks as well as the physical disintegration of the rocks. The prolonged deep
weathering produces unconsolidated weathered material (McFarlane, 1991; Taylor and Howard,
1998, 2000), as shown in Figure 2.2.
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Figure 2.2: Vertical representation of weathered crystalline aquifer, including aquifer location
(depth) and well construction (Taylor and Howard, 2000)

Fracturing, on the other hand, occurs as rocks are subjected to stress or force. Fractures are surfaces
along which the rocks have broken. Unlike faults, fractures do not show any movement parallel to
the fracture surface. In granitic terrains, fractures are mostly important for the movement of water in
the bedrock.
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2.3.3  Groundwater flow, hydraulics, and storage

Groundwater flow, hydraulics, and storage in crystalline aquifers are very complex because of the
spatial arrangement (i.e., varying lithology and fracture network) of these aquifers. Steyl (2011)
indicated that the irregular distribution of high and low transmissivity zones complicates the
estimation of groundwater hydraulic parameters. The general groundwater flow in crystalline aquifers
IS suggested to be in the shallow weathered and fractured zones of the aquifer, approximately up to
50 m below ground level mainly because in these zones the permeability is high and the overlying

regolith acts as a storage medium (Du Toit, 2001; Holland, 2011).

It is also important to note that water will not always flow only in the direction of the fracture; it can
also be influenced by the effects of channelling (Dippenaar et al., 2009). Channelling occurs when
the water in the fractures prefers to flow along a certain path, resulting in highly irregular flow
velocities and flow paths that are difficult to predict (Krasny and Sharp, 2007) (see also Figure 2.3).

According to Tsang and Tsang (1987), in situ stress causes all fractured flow to be channelled at
depths greater than 500 m to 1 000 m. As water infiltrates into the soils, some of the water percolates
through fractures that are exposed on the surface to the saturated zone. As recharge takes place, these
fractures directly feed the saturated zone. The weathered and fractured regolith acts as a reservoir
because of the associated double porosity, and as it is recharged with water, it feeds water to the

underlying bedrock through the fractures (Adams et al., 2003).

Short wide path

Longer or narrower path

Figure 2.3: Flow in fractured rock aquifers (Kirchner, 2009)

According to Adams et al. (2003), fracturing and weathering decrease with increasing depth due to
the increase in lithostatic pressure, which results in the closing of fractures and resistance to
groundwater flow. Bisson and Lehr (2017) indicated that fractured rocks that are likely to transmit a

greater volume of water will:
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o receive adequate recharge,

o have a high density of fractures,

o have fractures with wide apertures,

o be parallel to the gravitational gradient, and,

J be overpressured.

Furthermore, Kellett and Bauman (2004) also indicated that not all fractures intersected during
drilling will yield water, but rather that regional flow in bedrocks will only occur within major
interconnected fracture systems. These hard rock aquifers have negligible matrix porosity and matrix
permeability, which contribute considerably to their inherent small storage capacity (Clark, 1985;
Gustafson and Krésny, 1994) According to Reboucas (1993), water within the underlying
unweathered crystalline rocks is stored in isolated interconnected fractures, joints, and fissures

controlled by regional tectonism.

Chilton and Foster (1995) illustrated the variation in the hydraulic properties of the typical lithologies
found in the weathered and fractured regolith as well as the solid bedrock in the crystalline aquifers
(Figure 2.4). According to Acworth (1987), the clay in the regolith reduces the permeability of the
regolith and increases its porosity. The regolith acts as a reservoir; when it is fully saturated with
water, it slowly feeds water downward into fractures in the bedrock, as illustrated in Figure 2.5. Figure
2.4 also indicates that the porosity of the weathered material decreases with depth until the fresh rock
is reached. The unweathered fresh bedrock is permeable only where fractures are present (Gustafson
and Krasny, 1994). The fractures in the bedrock significantly increase the hydraulic conductivity
because they are the main flow conduits in the whole system, but fractures filled with lower permeable
material than the host rock restrict the flow of groundwater. Unlike sedimentary rock aquifers that
have primary porosity, crystalline aquifers have secondary porosity caused by the weathering and

fracturing of rocks, which result in limited flow and storage of water.
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Figure 2.4: Permeability and porosity in basement aquifers (Chilton and Foster, 1995)
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2008)
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2.3.4  Groundwater quality

The groundwater quality for crystalline aquifers is considered to be generally acceptable (Clark, 1985;
MacDonald and Davies, 2000; Chimphamba et al., 2009) because only small amounts of minerals
are dissolved when water is in contact with crystalline rocks (containing insoluble minerals) and the
water flows rapidly over a short flow path. The water of these aquifers typically has neutral to slightly

acidic pH and is low in salinity.

Geology, topography, inflow of water (rainfall, recharge, and surface and groundwater interaction)
and outflow of water (evaporation, and over-abstraction of boreholes) can influence the quality of
groundwater in crystalline aquifers. Titus (2002) also identified hydraulic conductivity as a factor that
influences groundwater quality/chemistry because the rate at which groundwater flows has an

influence on the reaction rate with which minerals can influence groundwater quality.

Geology plays a major role in water quality in cases where weathering is common. For example, in
the central Namaqualand area, fluoride is generally high as a result of geology (dissolution of fluoride-
bearing minerals); however, topography and hydraulic properties also influence the presence of
fluoride in the same area. It was found that groundwater in areas with a steeper gradient had lower
fluoride concentrations than the groundwater from areas with gentle slopes, influenced by the rate of
groundwater flow (Adams et al., 2009). Another example is in the Dowa West Integrated Project area
in Malawi, where a groundwater study was undertaken by Smith-Carrington and Chilton (1983). The
study was conducted in one village on different boreholes which are a few hundred metres away from
each other, but the groundwater quality results obtained varied greatly, with some boreholes having

an electric conductivity (EC) of 4 000 uS/cm, while others recorded values around 1 000 uS/cm.

According to Pietersen (2009) the poor quality of groundwater in some crystalline aquifers is
associated with low rainfall, because low rainfall results in slow circulation of water. Furthermore, in
most semi-arid regions, the rate of evaporation is higher than that of the precipitation, resulting in the
accumulation of high levels of soluble salts on the surface. After rainfall events, these salts can be
flushed into the saturated zone and affect the groundwater quality. Shallow aquifers and exposed
weathered and fractured bedrock aquifers are furthermore highly susceptible to natural and

anthropogenic pollution affecting the water quality.

2.4 GROUNDWATER RECHARGE ESTIMATION

Recharge estimations are important for the management of the groundwater resources. However, due
to spatial factors such as geology, soil types, topography, precipitation, and abstraction, major
challenges are experienced during the estimation of recharge. Moreover, in crystalline terrains the

recharge estimation is more complex because of the heterogeneous conditions of randomly distributed

- 27 -



fractures and narrow openings in the rocks. For this study groundwater recharge estimation will
conducted using the tracer and physical methods. Due to the purpose of study and availability of data,
only one tracer method (the chloride mass balance (CMB) method) and two physical methods (the

cumulative rainfall departure (CRD) and water table fluctuation (WTF) methods) will be considered.

The CMB, CRD, and WTF methods remain practical and reliable approaches of estimating
groundwater recharge (Allison and Hughes, 1978, Sophocleous, 1991) and these methods can be
applied with high certainty as they have been in use for more than three decades in arid and semi-arid
region in southern Africa (Xu and Beekman, 2003). These methods estimate groundwater recharge
by linking information from precipitation, the unsaturated zone and the saturated zone. Researchers
have studied and used these methods to estimate groundwater recharge to understand and manage the
geohydrological system (Eriksson, 1960; Wood and Sanford, 1995; Bazuhair and Wood, 1996;
Holland, 2011).

2.4.1  Recharge estimation methods

This section is limited to a discussion of groundwater recharge estimation methods applicable to arid
and semi-arid regions, namely the CMB, WTF and CRD methods.

2.4.1.1  The chloride mass balance (CMB) method

This method is a tracer method which investigates the chloride concentration of the precipitation in a
study area and compares it to the chloride concentration of the groundwater. Water that is evaporated
from the unsaturated zones causes an enrichment of the hydrogeochemical composition, and a
resulting change in the chloride concentration. The method is quick and inexpensive to apply and can
be used in both saturated and unsaturated zones at a scale ranging from 0.1 m? to 10 000 m?. It can
estimate recharge rates ranging from 0.05 mm to 300 mm per year (Scanlon et al., 2002). In the
unsaturated zone, the method gives site-specific recharge estimates (up to 1 m?). The principle in both
the saturated and unsaturated zones is that the amount of chloride that enters the system is equal to
that which leaves the system; neglecting any surface runoff (Selaolo, 1998); however, in the
unsaturated zone alone the principle is that the drainage in the zone is inversely proportional to the

chloride in the pore water (Beekman et al., 1996).

The natural concentrations of chloride and chloride-36 have been and are still in use for recharge
estimation in semi-arid to arid regions (Allison et al., 1985; Gee and Hillel, 1988; Phillips, 1994;
Cook et al., 2001), among other environmental tracers such as deuterium, tritium, oxygen-18, and
bromide. Chloride and chloride-36 are often used, mostly because they are less expensive compared
to the other environmental tracers (Allison et al., 1994). The method is based on the mass balance of

chloride in precipitation and in the groundwater system; it equates the mass balance of chloride at the
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ground surface to the saturated zone where evapotranspiration does not take place. The method is

represented by Equation 1 (Kinzelbach and Aeschbach, 2002).

_PxCl,+D

R
‘ Clyw

where R; is the total groundwater recharge (mm per time), P is the precipitation (mm per time

interval), CL, is the chloride concentration in the precipitation (mg/L), D is the dry deposition (in mg

per m? per time interval) and Cl,, is the chloride concentration in groundwater (mg/L).

The method can be used in three different approaches, which are:

Estimating the moisture flux using the chloride concentration of rain and soil moisture in the

unsaturated zone;

Estimating the average groundwater recharge with the chloride concentration in the saturated

zone; and

Defining the recharge mechanism by comparing the first two approaches.

The success of the method is based on certain assumptions:

1)

2)

3)
4)

5)

6)

Precipitation is the only source of chloride in the groundwater system

According to (Dettinger, 1989), it is assumed that precipitation is the only source of chloride
when estimating the mean annual recharge using the CMB method in arid and semi-arid areas.
This means any other sources of chloride such as weathering or human activities are ignored.

Low rates of recharge are generally associated with high chloride concentrations and vice versa.
Chloride is stable in the system

The chloride concentration increases in the soil water through the root zone as
evapotranspiration takes place. It is assumed that the chloride in the system cannot be taken up

by plants and it therefore remains constant below this depth (Scanlon et al., 2002).
Chloride cannot be replenished in the basin.
There is no surface runoff leaving the aquifer area.

Steady-state conditions are maintained in long-term precipitation and chloride concentration in
that precipitation.

Groundwater evaporation does not occur upstream from the sampling point.

For the successful application of the method, the following are required:

The groundwater chloride concentration.
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o The chloride concentration in soil moisture, and the dry chloride deposition data.
o The mean annual precipitation.

o Undisturbed soil profiles.

The method is applicable in areas where the annual rainfall exceeds 600 mm with a terrain that is

naturally permeable.

2.4.1.2  Physical methods

These methods involve taking direct measurements of water levels from a site. The estimates from
these methods are easy to calculate and the results obtained can be used to calibrate models of other
recharge estimation methods. The disadvantages of these methods are that 1) the results obtained are
local for a specific site, structure, soil type, and vegetation, and 2) in arid regions recharge is not

uniform.

The estimation of recharge through water balance involves comparing the input (precipitation) and
output (evapotranspiration, runoff, and abstraction) of water in a system and the difference is regarded

as the estimated recharge (Kinzelbach and Aeschbach, 2002).

2.4.1.2.1 The cumulative rainfall departure (CRD) method

The principle of the CRD method is that the water level response in an aquifer is proportional to the
cumulative rainfall departure (Van Tonder et al., 2001). According to Bredenkamp et al. (1995), a
dynamic equilibrium can be reached between the average annual precipitation and the groundwater
level response despite the variation in annual precipitation. The method is represented by Equation 2
(Beekman and Xu, 2003):

N 1 N
CRD; =ZR-— 2 — ,ZR- iR
l - i ( Ravl l) t

i=1
where R; is the rainfall [L/T] for month i and R; is a threshold value representing aquifer boundary
conditions. R, may range from 0 to R,,,, with O representing a closed aquifer (no outflow), and R,
representing an open aquifer system (for instance controlled by spring flow). The cumulative rainfall
average would conform to R, if R; does not show a trend (R; = kR,,,). This means that any change
in the monthly water level is as a result of the CRD if the other stress is constant. If the cumulative
departure is positive the groundwater level will rise and if the cumulative departure is negative this

will result in a decline to the groundwater level, since:

rCRD; = Sy[Ah; + (Qpi + Qout)/(4S,)]
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where r is that fraction of a CRD which contributes to recharge, S,, is specific yield, Ah; is the water
level change during month i [L], @,; is the groundwater abstraction rate [L3/T], Qoye is the natural

groundwater outflow, and A is the recharge area [L?].

The CRD method relies on easily obtainable data (water table hydrographs, rainfall, area, etc.).
Another advantage of this method is that the changes in water level may be from other causes such
as abstraction and not only a response to rainfall. The shortcomings of the CRD method are that it is
only applicable to unconfined aquifers and not to deep (multi-layered) aquifers, is sensitive to the
specific yield, requires estimates of the total inflow and outflow to the aquifer, and requires long-term

data recorded over time periods of years.

2.4.1.2.2 The water table fluctuation (WTF) method

The principle of the WTF method is that the groundwater level response is proportional to recharge
or discharge with the extent of the influence of the two components being controlled by the specific
yield (Sy) (Bredenkamp et al., 1995, Varni et al., 2013). According to Beekman and Xu (2003), this
method is inexpensive, easy to use, and accurate when applied in semi-arid areas. The method uses
the storage parameter to link the water level response to the groundwater recharge. This method uses
hydrographs, which are constructed using the change in water levels at a certain location over a period
of time (Prathapar and Sides, 1993). The method is represented in Equation 4 (Healy and Cook,
2002):

dh Ah
R =ASgy = Sy—~Sy—
where R is the recharge, S,, is the specific yield of the aquifer [-], Ah is the water table rise [L], At is

the time period [T] within which the rise occurred. The rise in the water level (Ah) is expressed as
the difference between the peak of the water level rise and the extrapolated antecedent recession curve
at the time of the peak.

This method calculates the ratio of water table rise to total rainfall in the area of interest. According
to Duke (1972) and Sophocleous (1985), after a rainfall event the height at which the water table rises

gives an estimate of the specific yield (Sy) through the open pore spaces in the unsaturated zone and
S, can vary with the depth of the water table. In order for the recharge estimate to represent the whole

area of interest, data from multiple wells must be used. However, there is some uncertainty related to

the estimation of specific yield of the aquifer when using this method (Healy and Cook, 2002),

The method is mostly applicable in wet climate zones where the difference between rainfall and

evaporation is small and where water level fluctuations are more pronounced. The shortcomings of
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this method are that it is less applicable in areas where depth to groundwater is significant, and where

the inflow, outflow, and S, are unknown.

2.4.2  Recharge studies in crystalline aquifers

Recharge is referred to as the portion of rainfall that reaches the saturated zone; it is dependent on
climate, geomorphology, geology, soil content, moisture, and vegetation. For crystalline bedrock, the
soil cover and weathered zones are important for recharging the aquifer. Water from rainfall infiltrates
the soil (characterised by high storage capacity and high recharge probability) and weathered zones
(moderate storage and moderate recharge probability) and is then transmitted through the
interconnected fractures (low storage and moderate recharge probability) directly to the saturated
zone. Figure 2.6 illustrates how recharge takes place in crystalline aquifers. These processes are

described below with reference to Figure 2.6.

o Point 1: Water on the ground surface infiltrates the weathered bedrock, and some of the water
on the surface runs off to the low point of the topography. Water in the weathered bedrock then
penetrates to the underlying rocks through the interconnected fractures and flows to the

saturated zone.

o Point 2: Rainwater that reaches the alluvial zone is absorbed, and once the alluvial zone is
saturated, water then penetrates the underlying weathered bedrock and the process continues as

explained in Point 1.

o Point 3: Water infiltrates the fractured bedrock and some runs off on the ground surface to the
lower-lying areas, which in this case is Point 2. The fractures can be responsible for surface and
groundwater interaction because some of the fractures are connected to the ground surface
down the hill, which results in water flowing from the fracture to the ground surface and then
running off to Point 2. The water in the fractured bedrock then flows through interconnected

fractures to the saturated zone.
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Figure 2.6: Conceptual recharge model of basement aquifers (Adams et al., 2003)
According to Harte and Winter (1993), four factors influence recharge patterns in crystalline
bedrocks, namely:

o the relief of the land and bedrock surfaces above groundwater discharge areas,

o lateral trends in bulk-rock horizontal conductivity,

o local topographic features, and,

o local drift stratigraphy.

In other words, recharge can occur in different ways, depending on the conditions of the area.
Recharge can be direct, indirect, and/or even localised (Lerner et al., 1990). In semi-arid regions such
as the Limpopo Province, Beekman and Xu (2003) indicated that there are several conventional

methods for recharge estimation that can be considered, provided that assumptions associated with

that particular method are taken into consideration.

Adams et al. (2003) conducted recharge investigations in Namaqualand, South Africa, a semi-arid
region, underlain by basement rocks with a fractured and weathered aquifer system. The authors used

different recharge estimation methods, including the CMB method, the CRD method, the saturated
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volume fluctuation (SVF) method, the statistical approach, and the geographical information systems
(GIS) approach. The selection of the methods was based on the availability of data. The data included
water levels, rainfall information, borehole abstraction rates, water chemistry, and the position of

boreholes.

Although the conditions of the area did not meet all the assumptions associated with the CMB method
(see Table 2.1), the method was used for a first approximation of recharge due to its simplicity.
According to Cook (2003), the CMB method should be used with caution when working with
fractured rock aquifers due to the heterogeneity of the aquifer media in correspondence with the
associated different porosities. Banks et al. (2009) also indicated that when using this method, the
rate of recharge obtained should be considered only as a minimum rate due to the addition of other
sources of chloride that may have resulted due to the weathering of rocks. The CRD method, however,
seemed to be the most promising method in this study area, mainly because the method
accommodated most of the data obtained (water level and pumping rates). This led to the conclusion
that the use of different recharge estimation methods provides more accurate results compared to the
use of only a single method.

Table 2.1: Assumptions when using the CMB method and the situation in Namaqualand (Adams et al.,
2003)

Assumption Met?

Chloride in groundwater originates only from precipitation (no
unmeasured chloride mass from overlying, underlying or adjacent x
aquifers and no unmeasured run-on occur).

Chloride is conservative in the system. v
The chloride mass flux has not changed over time. ?
There is no recycling or concentration of chloride within the aquifer. x

No evaporation of groundwater occurs upgradient from the
groundwater sampling points.

The adsorption of chloride in soils and the vegetation uptake is
considered negligible.

x = not met; v' = met; ? = uncertain

Internationally, there is a vast amount of literature reviews on groundwater recharge in basement

aquifer. In Zimbabwe alone, different studies have been carried out by different authors in attempts
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to estimate groundwater recharge into the crystalline basement aquifers. Values obtained ranged
between 4% and 22% of the annual rainfall (Table 2.2). Houston (1992) reviewed the hydrogeology
of crystalline basement aquifers in Zimbabwe and Nigeria. He used a combination of baseflow
analysis, chloride balance and soil moisture methods to determine recharge rates of between 10% and
17% of the annual rainfall (950 mm) in Nigeria and 2% to 5% of the annual rainfall (600 mm) in
Zimbabwe. He indicated that in the south-east of Zimbabwe (Masvingo Province), recharge was
almost negligible (ranging between 0.05% and 0.5%) where annual rainfall was less than 400 mm.

Smith-Carrington and Chilton (1983) assessed the groundwater resource in Malawi by using a
catchment water balance, stream hydrograph analysis, flow nets as well as groundwater level
fluctuation and obtained recharge values between 1% and 5% of the annual rainfall for the weathered
basement aquifer and 1% to 7% for the alluvial aquifer.

These results suggest that as annual rainfall decreases, groundwater recharge, as a percentage of

annual rainfall, also decreases.

Table 2.2: Groundwater recharge estimates done in Zimbabwe (Nyagwambo, 2006)

Area Estimated % Estimation method Author(s)
recharge (mm/a) |of MAR
131.0 16.4 | Water table fluctuation
Nyatsime Catchment 130.0 16.3 | Chloride mass balance | Mudzingwa (1998)
74.0 9.3 Reservoir method
162.0 18.0 Flux analysis
Marondera Grasslands 136.0 15.1 | Chloride mass balance | McCartney (1998)
Research Catchment 185.0 20.5 | Chloride mass balace
Chiweshe, Mazowe Jarawaz (1999)
’ 190.0 22.0 | Water table flactuation
Research Catchment . .
Chiweshe, Mazowe 71.6 8.5 | Chloride mass balance| Mjanja (2000)

Nyagwambo (2006) conducted a detailed groundwater recharge study in the Nyundo catchment
located in Zimbabwe. The catchment is dominated by Karoo sediments, underlain by basement rocks
(Nyagwambo, 2006). The topography of the area is flat to gentle, with over 60% of the area used for
farming. The main objective of the study was to investigate how the common recharge estimation
methods are applicable in crystalline aquifers and also to develop a different method of estimating

recharge in these aquifers by using simple field hydrological and physical data.

The methods selected to investigate recharge were as follows: 1) water balance (WB) method, 2)
water table fluctuation (WTF) method, 3) chloride mass balance (CMB) method, and 4) groundwater
flow modelling using MODFLOW. The WB, WTF, and CMB methods were selected because they

- 35 -



have been widely used in the Southern African Development Community. The WB method has a
limitation that the method generally yields better results where annual rainfall was higher than
potential evaporation (Lerner et al., 1990; Simmers et al., 1997). However, for this study area, the
long-term daily average rainfall of the area was generally lower than the potential evaporation.
Nevertheless, recharge was estimated over a shorter period using water balance at small time steps
where rainfall was higher than evaporation and adding all the values together to determine recharge
for a longer period. The results from the WB method revealed that more than 80% of recharge into

the aquifer system occurred through preferential flow.

The CMB method was used to estimate the magnitude of recharge and also address the factors
influencing the estimation. The magnitude of recharge was determined by estimating the chloride
concentration in rainfall and in the groundwater. This was done by collecting samples daily during
the 2000/1 and 2001/2 rainfall season. The average chloride concentration results from rainfall were
1.10 mg/L and 9.15 mg/L in groundwater, and the annual recharge rate was estimated at 12% of the
annual rainfall. According to Nyagwambo (2006), it is evident that recharge estimation for the
Nyundo catchment was also influenced by other factors, as can be seen through the chloride
deposition which is higher compared to other values obtained from other crystalline basement

aquifers in Zimbabwe (Table 2.3).

Table 2.3: Groundwater chloride concentrations in basement aquifers in Zimbabwe (mg/L)
(Nyagwambo, 2006)

Location Min Mean Max
Buhera 0.5 1.4 319
Chikomba 3.9 7.9 15.2
Goromonzi 0.2 1.5 68.2
Harava 2.0 5.7 290.0
Hwedza 1.0 5.8 36.0
Marondera 1.0 3.3 45.0
Murehwa 2.3 55 94.2

A minimum of 4.3 mg/L, maximum of 25.5 mg/L and mean of 9.15 mg/L were obtained in the
groundwater chloride concentration. Nyagwambo (2006) suggested that these higher values correlate
with land use, through the use of fertilisers to enhance the productivity of the sandy soils in the area.
The relationship between rainfall and recharge, residence time of groundwater as well as the total
annual recharge in the catchment was determined using the WTF method. This was based on the
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selected specific yield value. The specific yield is an important parameter when using the WTF and
for this study, it was based mostly on values obtained from literature. The method estimated a
recharge magnitude of between 2% and 28% of the annual rainfall that occurs through both
preferential and diffuse flow and showed that groundwater resides in the unsaturated for

approximately 3 to 4 months.

In conclusion, the methods used in the area did not give the same distribution of groundwater recharge
because of the different limitations and assumptions associated with them. The WB and WTF method
gave clues when groundwater recharge occurs for daily time steps, while the CMB gave results for
annual recharge rates. Table 2.4 shows the overall comparison of the methods. The WB method
underestimated recharge and the WTF gave middle ranges, while the CMB overestimated
groundwater recharge. These methods revealed that the overall groundwater recharge in the area is

between 8% and 15% of the annual rainfall.

Table 2.4: Average groundwater recharge estimates from different methods over different time
intervals (Nyagwambo, 2006)

Recharge estimate (mm/time unit)
Method Year Month Day
Max | Ave | Min | Max | Ave | Min | Max | Ave | Min

Water balance

78.0(62.1 (308|229 48 | 1.0 | 1.5 | 0.2 | 0.0
(WB)

Chloride mass balance

2358946303 - | - | - | - | - | -
(CMB)

Water table fluctuation

212.5/86.2 156|301 72 | 20 | 82 | 05 | 0.0
(WTF)

2.4.3  Recharge studies around Ga-Matlala

The water that enters the subsurface from different surface and subsurface sources recharges the
groundwater system. Recharge to groundwater resources in the study area is dependent on effective
rainfall. After runoff, evaporation, and transpiration, the water that infiltrates the ground to the
saturated zone is responsible for recharging the groundwater system. The study area generally has no
perennial rivers that can also recharge the groundwater through surface and groundwater interaction

(baseflow).

Very few groundwater recharge studies have been conducted in the area of interest. The Groundwater
Assessment Projected Il (GRA 1) (DWAF, 2006) dataset, which is based on the chloride method,
depth to groundwater, land cover and slope assumes a regional recharge estimate of 3% of the MAP
for the A62E quaternary region.
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In a study conducted by Holland (2011) on crystalline basement aquifers within the Limpopo
Province, the CMB and CRD methods were used to estimate recharge in the Limpopo water
management area (WMA), in which the study area of the current research project is located. For the
CMB method, local recharge was estimated using the concentration of chloride in groundwater and
rainfall, and the Kriging technique was then used to interpolate the results obtained from the CMB.
It was found that active recharge zones are associated with main surface water drainage divides on
higher ground. Table 2.5 shows the results obtained, including that the area has an average recharge
rate of 0.4% of MAP.

Table 2.5: Recharge rates based on the CMB method (modified from Holland, 2011)

Chloride conc. |Estimated average
Locality Annual rainfall (mg/L) recharge
(mm) % of
Cly Clyw |mmiyear MAR
Chloe (Matlala) 365 0.6 147.3 1.5 0.4

With the CRD method, the Excel-based recharge calculation spreadsheet developed by Xu and Van
Tonder (2001) was used to simulate recharge for selected monitoring stations. The simulated CRD

recharge rate was 1.4% of MAP, as indicated in Table 2.6.

Table 2.6: Recharge rates based on the CRD method (modified from Holland, 2011)

Date i Area

Locality Station Estlt)nated recharge :
Start | End (% of MAR) (km’)

Chloe (Matlala) A6N0586 | Mar 06 | Aug 09 1.4 15

The large difference in the recharge values was due to the limited period of monitoring for the CRD

simulation, compared to the longer and more extensive period of monitoring with the CMB method.

24.4 Conclusions

This chapter examined the available literature on the characterisation of crystalline aquifers,
groundwater quality and groundwater recharge specific to crystalline aquifers. The chapter focussed
on groundwater recharge in crystalline aquifers, identifying and describing suitable groundwater
recharge estimation methods which can be applicable to the current study area. The review identified
no direct recharge studies carried out in the current study area; however, several studies have been

conducted in nearby regions.
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CHAPTER 3:
SITE DESCRIPTION

3.1 INTRODUCTION

This chapter provides a description of the study area which includes the Matlala Batholith. The main
focus of this chapter is to understand and describe the following aspects of the study area: its regional
setting, the regional geology, the geomorphology of the area, the vegetation and land use in the area,

the climate of the area, and the different water resources within the study area.

3.2 REGIONAL SETTING

The Matlala Batholith is located approximately 40 km north-west of Polokwane and 50 km north of
Mokopane in the Limpopo Province of South Africa (see Figure 3.1). The study area around the
batholith falls within the Aganang Local Municipality, which was in 2016 merged with the
Polokwane Local Municipality within the Capricorn District.

3.3 REGIONAL GEOLOGICAL SETTING

The Matlala Batholith is a fine-grained biotite granite intrusion of Randian and Vaalian age (3 600 to
3 200 million years old) (SACS, 1980). It occurs in host rock consisting of the Goudplaats-Hout River
Gneiss (Figure 3.2). The grain size of the host rock varies from medium- to coarse-grained, and these
rocks also show banding and layering (Brandl, 1986). A photograph of a contact between the granite

of the Matlala Batholith and the host rock gneiss is shown in Figure 3.3.

The western perimeter of the batholith occurs near a south-to-north contact with rocks of the Bushveld
Igneous Complex (BIC). These rocks predominantly consist of gabbro, norite, anorthosite and
pyroxenite. Large diabase intrusions occur within the rocks of the BIC, while diabase dykes extend
through the Goudplaats-Hout River Gneiss and intersect the Matlala Batholith, forming ridges in the
modern surface topography (Brandl, 1986). During a study conducted by Du Toit (2001), some of the
diabase intrusions were intersected during the drilling phase and the geological logs revealed a north-
easterly or north-westerly strike. Holland (2011) also indicated that these dykes have a mean strike
direction of 51°.

Faulting in the area is apparent from the lateral displacement of the contact between the BIC and the
Goudplaats-Hout River Gneiss. Quaternary deposits in the form of alluvium occur along the non-

perennial rivers that flow across the Matlala Batholith.
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Figure 3.1: Regional setting of the study area

- 40 -



é Geological Legend

7 Q- Quaternary deposits

i Alluvium

di- Diabase

Mn - Nebo Granite, Lebowa Suite, Bushveld Igneous Complex
Coarse-grained red hornblende granite

Vmo - Molendraai Magnetite Gabbro, Rustenburg Layered Suite,
Bushveld Igneous Complex
Magnetite gabbro, gabbro, anorthosite, olivine diorite
Vm - Mampela Gabbronorite, Rustenburg Layered Suite,
Bushveld Igneous Complex
Gabbro, norite, anorthosite, pyroxenite, harzburgite, troctolite
V- Matlala Granite
Fine-grained pink biotite granite
Vmt - Matlala Granite
Fine-grained grey to pink biotite granite Vimo
Rmo - Moletsi Granite
Medium-grained prophyritic, grey to pink biotite granite
Rhr - Hout River Gneiss
Leucocratic migmatite and gneiss,
grey and pink hornblende biotite gneiss,
grey biotite gneiss, minor muscovite-bearing granite,
pegmatite and gneiss
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Figure 3.2: Regional geological setting of the study area
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Figure 3.3: Contact between the Matlala Granite and the Goudplaats-Hout River Gneiss (Du
Toit, 2001)

Du Toit (2001) discovered that the Matlala Batholith has three separate intrusions, occurring near
different villages in the area. The batholith has been named according to these villages, and the three
intrusions are now known locally as the Matlala, Tibane, and Chloe Batholiths. Of these three, the

Matlala Baholith is the largest. Table 3.1 lists the lithostratigraphic units of the Matlala area.

Table 3.1: Lithostratigraphic units of the Matlala area (modified from Holland, 2011)

Era thhostrat.lgraphlc Formation Lithology
unit
Matlala Granite Blotltlc-gran_o_dlorltlc
composition
. Goudplaast Gneiss Gretss, bande(_j gness,
Randian magmatite
Leucocratic migmatite and
Hout River Gneiss gneiss, biotite, and pegmatite
rocks
_ Zandrivierspoort Maﬁc netalavg mterlayt_ared
Randian to . with magnetite quartzite
. Pietersburg Group -
Swazian . Ultramafic metavolcanics:
Mothiba - . .
Amphibolite chlorite schists
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3.4 REGIONAL GEOMAGNETIC SETTING

An airborne magnetic map covering the Matlala Batholith is shown in Figure 3.4. Comparison with
the geological map (Figure 3.2) shows that the area to the west of the batholith is associated with
large positive magnetic anomalies due to the presence of the Molendraai Magnetite Gabbro. The
batholith itself has no strong magnetic signature, but a number of magnetic dykes cut through it.
These dykes have south-west/north-east, west-south-west/east-north-east and west-north-west/east-
south-east strikes, and are likely diabase dykes of VVaalian age and/or dolerite dykes of Jurassic age.

3.5 CLIMATE

The climate conditions of the Matlala area are considered semi-arid with very hot summers and mild
winters. The area receives most rainfall in summer between September and May, while it is usually
dry during winter (see Figure 3.5). The annual rainfall data at weather station 0677802BX from the
South African Weather Services (SAWS) reveal that the area received >400 mm rainfall per year
from 2007 to 2014, except in 2008 when rainfall was 386 mm. In 2013, the area received a maximum
rainfall of 636 mm for the observation period, which was around 150 mm more than the average
rainfall (Figure 3.6). The mean annual precipitation (MAP) received for the period 2007 to 2014 is
484 mm.

The temperature varies significantly throughout the year; with summer temperatures reaching a
maximum of £39 C, usually in November to January, whereas in the winter the temperatures can drop
to a minimum of -8 C, usually between June and July. The mean annual temperature of the area is
around 18.5 C.

3.6 TOPOGRAPHY AND DRAINAGE

The western, eastern and northern parts of the study area display an undulating topography with gentle
slopes towards the east and north-east. However, a few localised hills occur near the western and
northern perimeters of the outcrop of the batholith. By contrast, the southern part of the batholith
outcrop is characterised by sharp topographic variations in the form of numerous steep hills (Figure
3.7). Local surface drainage is predominantly to the north-west along the non-perennial Matlala and

Seokeng Rivers.
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Figure 3.6: Annual rainfall in Matlala, 2007 — 2014

The study area falls within Quaternary Sub-Catchments A62E, A62F and A62H within the Limpopo
Plateau region (Figure 3.8). Drainage from these sub-catchments is to the north-west. The Seokeng
River is confluent with the Matlala River approximately 4 km north of the northern boundary of the
study area. From here the Matlala River continues its north-western flow before joining the
Mogalakwena River at a position approximately 28 km north-west of the study area. This river
usually sustains flow after heavy rainfalls, typically from September to May, but its tributaries are
typically dry during the dry season. The Mogalakwena River flows northwards before joining the
Limpopo River approximately 120 km to the north.
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Figure 3.7: Local topographic elevations and drainage within the study area
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3.7 GEOHYDROLOGY

3.7.1  Hydrological region

The Mogalakwena River Basin is classified into seven hydrological regions (Table 3.2). The study
area falls within the eastern upland hydrological region. The region is dominated by crystalline rocks
associated with geological structures (faults and dykes). Most of the aquifers in the region are low
yielding and are associated with dykes, faults and weathered contacts. Weathering of bedrocks is
shallow (around 10 m). Groundwater recharge is estimated to be low at 3% of the MAP (Scot and
Wijers, 1992).

Table 3.2: Hydrological regions in the Mogalakwena River basin (adapted from Scot and Wijers,

1992)
Hydrological Main aquifer Rechalfge Water quality Target features
region |A|w|s|c| Potential | EC ) Problem e
g (% of MAP)| (mS/m) | species g
Nitrate Alluvium, faults
Nyl valle Sl el Bl I 2-4 <300 L ’ '
yIaiey fluoride dykes
Faults, dykes
Plains ol el Bl Bl 4-5 100-700| Chloride contacts,
lithological contacts
South-eastern | 5 10-200 Faults, weath_ered
uplands zones, alluvium
Upper .
Mogalakwena | * | * | * 5 50-800 (Iron, chloride Allavium, faults,
weathered zones
Valley
Basement |l x|« 3 100-750 Nltra_te, Faults, weathered
lowlands fluoride zones
Eastern « | 3 <300 Fluoride Faults, dykes,
uplands weathered contacts
Nitrate, iron, | Dyke contacts,
Western
ol el 3-10 70-500 | manganese, | faults, weathered
uplands .
chloride Z0nes
A - Alluvium S - Structural MAP - Mean Annual Precipitation

W - Weathered

C - Contact

EC - Electrical conductivity
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3.7.2  Aquifer types and conditions

Groundwater occurs in two different aquifer systems in the area, namely (1) the regolith (weathered)
zone, and (2) the fractured bedrock. These aquifer systems are closely interlinked (hydraulically
connected). The overlying regolith serves as a recharge system to the underlying fractured bedrock
as the water level is exposed to the atmosphere. The highly weathered remnant gneissic roof section
IS a good target for groundwater development (Acworth, 1987). Du Toit (2001) showed that the
contacts between the host rocks and intrusive rocks are poor targets for groundwater exploration, as
the boreholes drilled along these contacts had very low yields compared to those drilled in the

regolith.

3.7.3  Aquifer hydraulic parameters

Pumping tests are conducted in order to estimate the distribution of hydraulic parameters of a
groundwater system. The hydraulic parameters such as hydraulic conductivity, transmissivity, and
storage coefficients are estimated depending on the hydrogeological environment as well as the short-
term and long-term objectives of the investigation. Du Toit (2001) used three different tests for the

purpose of his study namely:

o Step-drawdown tests: To determine the optimum pumping rate of each borehole, well
efficiencies at various pumping rates, and also the suitable rates for the subsequent constant-
discharge test (CDT) which is used to stress the aquifer. Four step tests of equal duration (100

minutes) were conducted on four boreholes, and five step tests of 100 minutes on one borehole.

o Constant discharge tests: To determine the volume of water that a borehole can yield for a
longer period and to determine the transmissivity (T) and storativity (S) of the aquifers. 72-hour

tests were conducted on four boreholes and a 48-hour test on one borehole.

o Recovery test: The test is conducted immediately when the CDT ends. It gives a representation
of the groundwater inflow in the borehole. The water levels were monitored until a 95% of the

total drawdown was recovered.

Information on the pumping tests performed by Du Toit (2001) is listed in Table 3.3. The results
obtained from the pumping tests were analysed using the flow characterisation (FC) program

developed by Van Tonder et al. (2001) to determine aquifer parameters and flow characteristics.

Based on the results obtained from the different methods and programmes, Du Toit (2001) concluded
that the total T-values vary from 3 to 57 m?/d for the fractured bedrock and from 151 to 205 m#/d for
the weathered roof section, with the S-values vary from 107 to 10°. He, however, pointed out that

the heterogeneity of the aquifer system together with the varying distances between observation and
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abstraction boreholes might have resulted in a variation in the calculated S-values, and therefore, the
S-values should be used with caution. The through-flow value of the aquifer ranges from 0.12 to
0.15 m3/d. Table 3.4 shows the maximum and minimum T- and S-values for all five tested boreholes,

also illustrated graphically in Figure 3.9.

Table 3.3: Results obtained from the step test, constant discharge test and recovery test (after Du Toit,

2001)
Site name | G45282 | G45278 | G45227 | G45229 | G45287 | G45302
Step-Dranwdown

Rate 1 (L/s) 2.37 0.9 3,695/90 | 4,07/92 7.14 0.44
Well efficiency (%) 71 98 90 92 98 34
Rate 2 (L/s) 3.94 1.9 7.01 8.07 13.62 0.85
Well efficiency (%) 59 94 83 85 96 21
Rate 3 (L/s) 8.91 3.7 11.0 12.26 21.0 1.275
Well efficiency (%0) 39 89 76 79 94 15
Rate 4 (L/s) Failed @ 5.4 14.62 16.63 28.47 Failed @
Well efficiency (%0) | 14 L/s 85 70 74 93 18L/s
Rate 5 (L/s) - - - - 35.17 -
Well efficiency (%) 91

Constant-Discharge
Rate (L/s) No test 55 14.65 12.41 25.28 0.99
Duration (hours) No test 48 72 72 72 72

Recovery

Duration (hours) 24 108 138 171 149 72
% Recovered 99.7 100 100 98.3 92.1 98.5

Table 3.4: Transmissivity and storativity values of five boreholes around the Matlala Batholith (Du

Toit, 2001)

Site Main lithology Total transmissivity Total storativity
number (T) (m/d) S)

Min Max Min Max
G45227 Gneiss / Granite 51 58 855 x 107°|8.52 x 107
G45229 Gneiss 32 57 3.61 x10°(7.73 x 10
G45278 Granite 3 7 1.13 x 10™]1.82 x 107
G45287 Gneiss / Granite 151 205 512 x 107*(1.02 x 1072
G45302 Gneiss / Diabase 3 10 2.25x10™°(1.39 x 10°°

Figure 3.10 gives an illustration of the spatial distribution of the transmissivity around the Matlala
Batholith in the study area. Most boreholes have a T-value >5 m?/d, while many have a T-value
>25 m?/d. Eight boreholes have a T-value >150 m?/d. The even distribution of high T-values indicates
the presence of deeper zones of weathering with higher storage capacities and conductivities, which
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are able to transmit groundwater throughout the entire saturated thickness of the weathered zone. The
boreholes with low T-values may also represent the presence of a confined aquifer in the system. The
T-values of the weathered and fractured granitic zone of the roof section range from 20 to 60 m?/d

and the low permeability gneiss/granite contact has a T-value of <20 m?/d.
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Figure 3.9: Transmissivity values of five boreholes around the Matlala Batholith

Figure 3.11 indicates the yield frequencies in the Matlala Granite; out of 23 boreholes drilled, only
19 were analysed and the remaining four were excluded because the boreholes were dry (yield of
<0.1 L/s). From the 19 analysed boreholes, 26% had a yield of >5 L/s, 9% had a yield of between 2
and 5 L/s, and 65% had a yield below 2 L/s. The high-yielding boreholes are generally associated
with the remnant fractured and weathered roof section. Du Toit (2001) indicated that the weathered

and fractured zones in the study area produced maximum blow yields of >40 L/s.
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Figure 3.10. Spatial distribution of transmissivities from boreholes on and around the Matlala Batholith as obtained from the GRIP dataset
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YIELD FREQUENCIES OF BOREHOLES IN THE MATLALA GRANITE (Rat)
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Figure 3.11: Yield frequency for the intergranular and fractured aquifers of the Matlala
granite (Du Toit and Sonnekus, 2014)

3.7.4  Groundwater demand and potential

The eastern part of the Matlala Batholith, where the Matlala wellfield is located, falls under the A62E
drainage region (refer to Figure 3.8). In 2013, the DWS, which was then called the Department of
Water Affairs (DWA), together with EVN Africa Consulting Services (Pty) Ltd., conducted a
feasibility study for Aganang Local Municipality’s bulk water supply. This study involved
determining the water requirements and potential water supply from a groundwater resource of all
the villages within a specific drainage area. The water requirements were projected from 2013 to

2030, considering the population, number of villages, and the demand for water.

As shown in Figure 3.12, the groundwater potential in the area could have theoretically met the 2013
high water demand; but the actual surface and groundwater abstractions were insufficient to meet the
standard water demand. The study revealed that most of the boreholes used for water supply were
low yielding, indicating that there was poor groundwater development and groundwater exploration
was unsuccessful in meeting the demand. It is clear that the groundwater potential in the catchment
is sufficient to meet the standard demand up to 2025, provided high-potential groundwater areas are
identified.
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3.7.5  Groundwater quality

Du Toit (2001) showed the distribution of different water classes for domestic use in the area, as per
the classification system of the DWS (Table 3.5). An estimated 42% of the water belongs to Class Ill,
26% to Class I, and the remaining 32% of the water belongs to Classes 0 and Class I, resulting in a
low percentage of water that is good and ideal for domestic use in the area without treatment. The
result from the chemical analysis revealed the domination of HCO3™ anion, which suggests recent
aquifer recharge, and high concentrations of F, which are probably related to the weathering of
fluorite (CaF2)-rich pegmatites and granites. The highest anthropogenic pollution in the area is caused
by agricultural activities and on-site sanitation. Boreholes sampled near active pit latrines showed
generally high NO2+NOs" concentrations. The major water types from the hydrochemistry analysis
of the groundwater samples are Na*-Ca?*-Mg?*-HCOs", Na*-HCOg3", Na*-Mg?*-HCOg", and Na*-Ca?*-
Mg?*-CI-HCOj" types (Du Toit, 2001).

Table 3.5: Classification of the groundwater in the study area as per DWS classification (WRC, 1998)

DWS Description Effects % of
classification boreholes with
this quality

Drinking Health: No effects, suitable for many generations
Drinking Aesthetic: Water is pleasing

Ideal water :

Class 0 qualiy Food preparation: No effects 0
Bathing: No effects

Laundry: No effects.

Drinking Health : Suitable for lifetime use. Rare instances of sub-clinical effects

Drinking Aesthetic: Some aesthetic effects may be apparent.

Food preparation: Suitable for lifetime use. 32

Bathing: Minor effects on bathing or on bath fixtures.

Laundry: Minor effects on laundry or on fixtures

Drinking Health : Suitable for lifetime use. Rare instances of sub-clinical effects

Drinking Aesthetic: Some aesthetic effects may be apparent.

Food preparation: Suitable for lifetime use. 26

Bathing: Minor effects on bathing or on bath fixtures

Laundry: Minor effects on laundry or on fixtures

Drinking Health : Poses a risk of chronic health effects, especially in children and

the elderly

PoOr Water Drinking Aesthetic: Bad taste and appearance may lead to rejection of the water

Class 111 quality Food preparation: Poses a risk of chronic health effects, especially in children and
the elderly

Bathing: Significant effects on bathing or on bath fixtures

Laundry: Significant effects on laundry or on fixtures

Drinking Health: Severe acute health effects, even with short-term use.

Drinking Aesthetic: Taste and appearance will lead to rejection of the water

Food preparation: Severe acute health effects, even with short-term use 0

Bathing: Serious effects on bathing or on bath fixtures

Laundry: Serious effects on laundry or on fixtures

Good quality

Class |
water

Marginal

Class Il .
water quality

42

Unacceptable

Class IV )
water quality
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Figure 3.12: Predicted groundwater demand in catchment area A62E (EVN Africa
Consulting Services, 2013)

3.8 GEOMORPHOLOGY, VEGETATION AND LAND USE

King (1975) recognised five geomorphic cycles that represent long periods of weathering and erosion.
These cycles are Gondwana (190 Ma), Post-Gondwana (135 Ma), African (100 Ma), Post-African
(20 Ma), and Pliocene and Quaternary (2 Ma). The study area is situated in the African cycle.
McFarlane et al. (1992) and Du Toit (2001) suggested that the highly weathered regolith in the area
is a good target for groundwater exploration as the pump test revealed high-yielding boreholes
associated with this zone. This suggests that the weathering would have created localised zones of

deeper weathering with higher storage capacities and conductivities in the area.

The geomorphic features observed in the study area are inselbergs, hills, lowlands, foothills, and
valleys. The distribution of vegetation in different areas is largely dependent on local variations in
rainfall and soil conditions. The study area is dominated by mixed Bushveld vegetation in the north-

west and Pietersburg Plateau Grassveld in the south-east (Figure 3.13).

The main land uses in the area include settlements, agriculture, cultivated land, and grazing land, with
the main economic driver being agriculture (Figure 3.14). The main crops produced in the area are

cowpeas, maize, and groundnuts.
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Figure 3.13: Vegetation in the Aganang area (Enviroxcellence, 2009)
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Figure 3.14: Land cover in the Aganang area (Enviroxcellence, 2009)

3.9 WATER RESOURCES

3.9.1 General

In the study area, 95% of the water for domestic and agricultural use comes from the groundwater
resource (EVN Africa Consulting Services, 2013). The community, however, faces many problems
when they have to utilise the groundwater. Water supply is a challenge because of technical problems,
which involve failure of equipment, illegal water connections, and theft of pumps. Another
disadvantage is that the community uses water that is not treated and does not necessarily meet
drinking water standards as it is pumped using electric and diesel pumps directly to storage tanks.
Although the Department of Water and Sanitation (DWS) is intervening, attempting to get consultants
and other water entities to conduct tests before handing over boreholes to the community, it is not
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sufficient considering that the municipality does not have a functional waste-disposal site. As a result,
households use their own dumps to dispose of waste and this practice does not only pose an
environmental problem to groundwater (groundwater pollution) and surface water, which affects the

health of animals and people, but also degrades the soil, eventually affecting agricultural production.

3.9.2  Surface hydrology

The two main surface water bodies that contribute directly to the water supply of the Aganang Local
Municipality are the Hout River and Utjane Dam, located approximately 12 km east of the Matlala
Batholith (refer to Figure 3.10). The river close to the study area, however, is the non-perennial
Matlala River and its tributaries. These streams carry water only during rainy seasons. Flow is
predominantly to the north-east (Figure 3.8).
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CHAPTER 4:
RESEARCH METHODS

4.1 INTRODUCTION

The primary objective of this study is to understand the water level response to rainfall, estimate the
recharge, and to understand the groundwater flow in the aquifer system in order to develop a general
conceptual hydrogeological model of the area. This chapter describes and discusses the methods followed
and taken to achieve the aims and objectives of the current research project. The chapter is divided into four
sections: borehole selections; recharge estimation; groundwater quality characterisation and

development of conceptual geohydrological model.

4.2 BOREHOLE SELECTION

The Groundwater Resource Information Project (GRIP) database lists more than 1 100 boreholes on
and around the Matlala Batholith. This database, managed by the DWS, contains the coordinates of
the boreholes, as well as the yield, depth, water use, and water quality of some boreholes. To
investigate the geohydrological conditions and to estimate the recharge rates, boreholes were selected
based on a) the completeness of the information listed in the Grip database, b) whether other
geophysical and/or geohydrological studies have been conducted near these boreholes, and ¢) whether

the boreholes occur in a wellfield.

4.3 RECHARGE ESTIMATION

Groundwater recharge was estimated using the CMB, WTF, and CRD methods. These methods where

selected based on the availability of data.

431 CMB Method

To estimate the mean annual recharge in arid and semi-arid regions, it is assumed that the only source
of chloride in groundwater comes from rain. The CMB method requires annual rainfall data, and data
on chloride concentration in rainwater as well as in groundwater. It is important to note that no
rainwater chloride concentration data for the study area were available. The rainwater gauge had been
vandalised, which resulted in difficulties with sampling the rainwater. Therefore, for this study, the
rainwater chloride concentration used was that proposed by Xu and Van Tonder (2000) with the
inland value of 0.2207 mg/L. The average rainfall value and the data for the concentrations of

groundwater chloride were obtained from the study conducted by Du Toit (2001) in the study area.
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It is important to note that, although the assumption is that the only source of chloride in the
groundwater is from rainwater, there are other sources such as fertilizers, irrigation, and pesticides.
This could influence the chloride concentration; as a result, the recharge rates should therefore be
considered as minimum rates (Nyagwambo, 2006; Banks et al., 2009; Boerner and Weaver, 2012).
Equation 1 (Section 2.4.1.1) shows the inverse relationship between the recharge rate and the chloride
concentration of the groundwater. This equation was applied to the collected data to estimate recharge
in the study area.

4.3.2 WTF Method

The WTF method required groundwater level data, as well as the specific yield of the underlying
rocks. Recharge estimation was done using Equation 4, Section 2.4.1.2.2. The following steps were

followed in calculating the recharge over the Matlala batholith, using the WTF method:

o Three boreholes for which hydrographs could be compiled were selected to estimate recharge
in the Matlala wellfield. These boreholes all intersect the shallow aquifer system. It is important
to note that all the boreholes with long-term groundwater level monitoring data were clustered
in one area, hence the selection of boreholes in close proximity to one another.

o The main lithology intersected by the boreholes was established from drilling chips and the
NGA database. The main lithology that was intersected in all three boreholes was the
Goudplaats-Hout River Gneiss. The specific yield value of 0.02 used in this study was obtained
from literature, specifically a study conducted in the Hout River Catchment by Tshipala (2018).
Water level data were used to determine Ah by subtracting high and low levels for a specific

year. The recharge for each year was then calculated.

4.3.3 CRD Method

The following steps were followed to calculate the recharge over the Matlala Batholith using the CRD

method:

o The CRD method uses water level data in conjunction with rainfall data to estimate recharge in
a given area, based on matching the simulated and observed/measured data. This method was

selected based on the availability of data.

o Recharge was simulated using the recharge Excel spreadsheet developed by Xu and VVan Tonder
(2001).

o The same boreholes used in the WTF method were also simulated using the CRD method.

Monthly groundwater level and rainfall data were simulated for a period of 94 months for
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Matlala 1. For Matlala 3 and Matlala 12 simulation periods of 76 months and 121 months were

used, respectively.

o Specific yield (Sy) values and different lag times were assigned to obtain the best fit between
the modelled and observed water level responses.

4.4 GROUNDWATER QUALITY CHARACTERISATION

Based on parameters collected for this study, groundwater quality characterisation is very limited;
however, the data are useful for understanding the quality of groundwater in comparison with studies
conducted recently in and around the study area. The groundwater quality data were obtained from
the analyses of water samples collected during two sampling runs in 1998 and 2017. The data
collected in 1998 were also used by Du Toit (2001) to understand the water chemistry along the
traverse lines that were used during a geophysical survey to identify the mineralogy of the contact
between the host gneissic rocks and intruding granitic rocks. For this study, the same data were used
in conjunction with the most recent data (from 2017) to understand the occurrence of recharge and

change in water chemistry in the area over the years.

The groundwater chemistry data were captured and organised in Microsoft Excel. The data were then
transferred to AgQA, a software program that generates Piper diagrams. These diagrams were then

used to group water samples to classify the water types in the study area.

Piper diagrams are developed from two ternary diagrams; one of the major cations on the left and one
of the major anions on the right (Bredenkamp et al., 1995; Hounslow, 1995). The points from the two
ternary diagrams are then projected towards a diamond-shaped diagram, which is then used to deduce

the water type.

4.5 DEVELOPMENT OF CONCEPTUAL GEOHYDROLOGICAL
MODEL

A conceptual geohydrological model of the Matlala Batholith in the vicinity of the Matlala wellfield
was compiled by using the results of the current study as well as information from previous
investigations. These investigations included ground geophysics, geophysical borehole logs, and
geological borehole logs (Appendix A). The geophysical data were used to characterise the
subsurface geology while the logging results assisted in the identification of potential hydraulically

conductive fractures.
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45.1  Ground geophysics

The data obtained from magnetic and electromagnetic (EM) surveys conducted by Du Toit (2001)
across the contact between the batholith and the host rock were correlated with the geological logs to
locate the contact zones and to further investigate if the contact zones have groundwater potential.
Comparison of the geological cross-section and geophysical profiles along two traverses was done.
The two traverse lines were chosen based on the availability of drilling log information and their close
proximity to the Matlala well field.

4.5.2  Borehole geophysics

The downhole geophysical logs were used in conjunction with the drilling logs to maximise the
understanding of subsurface geology, the lithological change, as well as the location of water strikes
(fractures and weathered zones). Due to availability of drilling log information, only three boreholes

were investigated.

In groundwater exploration downhole geophysical logging is used to provide the following: 1)
borehole construction and design, 2) the characteristics of rocks (i.e., lithology, thickness, and depth
of aquifers and confining beds; permeability and porosity of rocks), and 3) fluid in the boreholes.
According to Keys (1990), there are several geophysical logging techniques that can be used. These
are: acoustic televiewer, acoustic velocity, caliper, conductivity, flow, fluid temperature, gamma-
gamma, gamma spectrometry, neutron, spontaneous potential, resistance and resistivity. Keys (1990)
and Eastern Research Group and Information (1993) further indicated that to obtain more reliable and
accurate results, more than one log should be used and that the local geology should be known. For

this study a few logging techniques were selected, as discussed below.

4521 Caliper logs

Caliper logging is used to obtain information on borehole construction and for groundwater
exploration. Information on the changes in diameter of the borehole may be related to changes in
lithology and fracture openings (Keys, 1990). Caliper logging can be conducted in both open and
closed boreholes. The rotation of the caliper probe, which may change the direction of the arm, causes

different results to be obtained if a caliper log is used as an additional log in a single borehole.

45.2.2 Natural gamma logs

Natural gamma logs are used to identify lithology, porosity and permeable zones as well as fractures
by measuring the natural radioactivity of rock formation within a selected energy range (Keys, 1990).
Similar to caliper logs, they can be conducted on both open and closed boreholes. In groundwater

exploration, the most common and significant gamma emitting radioactive isotopes are potassium-40
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as well as the uranium- and thorium-decay series (Keys, 1990). However, because uranium is soluble
in water, flow and precipitation affects its distribution in boreholes over time, hence its presence may
not be detected in gamma logs. In crystalline bedrocks, these radioactive isotopes are abundant in
clay that contains decomposed mica and potassium feldspar minerals from gneiss, granites and

pegmatitic rocks.

The Gamma log response is affected by materials used during borehole construction. In cased
boreholes, both steel and PVC casing can reduce gamma counts; cement with clay may
increase/decrease gamma depending on radioactivity of the rock formation; bentonite clay can also
increase gamma counts (Keys, 1990). All these factors can negatively affect the interpretation of

gamma logs.

45.2.3 Neutron logs

In groundwater exploration, neutron logs are used to identify water saturated zones in rock formations
by detecting the hydrogen content. They are also used to determine the porosity of these rocks (Keys,
1990). In conjunction with the density tool, neutron logs can also be used to determine lithology.
According to (Keys, 1990) there are two types of probes used in neutron logging (1) a small source
and short spacing probe largely used for identifying moisture content in the unsaturated zone and (2)
large source and long spacing probe used for measuring saturated porosity. Neutron counts decrease

as the hydrogen concentration increases (Keys, 1990).

45.2.4 Resistivity logs

Resistivity logs measure the resistance of rocks to electrical flow and is expressed in ohm. In
groundwater exploration, these logs are used to detect water-bearing fractured zones in the rock
formation. In highly resistive crystalline bedrocks, water-bearing fractured zones are associated with

zones of decreased resistivity (Williams et al., 2004).
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CHAPTER 5:
RESULTS AND DISCUSSION

5.1 INTRODUCTION

This chapter presents and discusses the results obtained in this study. It discusses the selection of
boreholes considered for this study, as well as thoroughly interpreting and discussing borehole information
obtained during and after borehole drilling and construction. The chapter also discusses the results obtained
from the three recharge estimation methods employed in this study (CMB, WTF and CRD method). The
chapter incorporates the evaluation of raw groundwater chemistry data; these data were also used in the
hydrochemical classification (water types). Understanding the different water types assisted in determining
main recharge areas as well as the groundwater flow in the area. Finally, the chapter further evaluates and
analyses ground and borehole geophysical surveys. All the results obtained in this chapter are then
used in the development of conceptual geohydrological model of the Matlala Batholith.

5.2 BOREHOLE SELECTION

Boreholes used in this study were selected from the boreholes that appear in the Groundwater
Resource Information Project (GRIP) database (Figure 5.1). To investigate the geohydrological
conditions and to estimate the recharge rates, boreholes were selected based on a) the completeness
of the information listed in the Grip database, b) whether other geophysical and/or geohydrological
studies have been conducted near these boreholes, and ¢) whether the boreholes occur in a wellfield.
The positions of the 42 selected boreholes around the Matlala Batholith are shown in Figure 5.2.
Since numerous boreholes occur in and near the Matlala wellfield near the south-eastern perimeter of
the batholith (demarcated by a dashed black line), the borehole numbers of these boreholes are
indicated in Figure 5.3 and Figure 5.4. Information on the selected boreholes was retrieved from the
GRIP database and is listed in Table 5.1 and Table 5.2.
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Table 5.1: Information on the boreholes selected for the recharge investigations (borehole along geophysical traverses)

Longitude | Latitude [Site name|Borehole |Elevation |Static water level | Static water level |Borehole depth Water strike Date drilled| Yield
CE) ©S) number | (mamsl) (mbgl) (mamsl) (m) (mbgl) (L/s)
29.0695 -23.7873 | G45185 |HO04 1047 1230 5.54 1224.46 144 39 05/08/1997 | <0.1
29.0727 -23.7897 | G45186 [H04 1048| 1225 5.48 1219.52 156 13, 16, 62 08/08/1997 | 2.0
29.0688 -23.7868 | G45187 |HO04 1046 1238 7.29 1230.71 150 None 19/08/1997 | Dry
29.0509 -23.8156 | G45188 |H04 0984 | 1268 14.40 1253.60 120 31, 39, 43, 60 18/11/1997 | 7.7
29.0515 -23.8162 | G45189 |HO04 1049 1271 16.59 1254.41 138 33,60, 75 04/02/1998 | 5.75
29.0460 -23.8146 | G45281 |H04 0991 1265 10.84 1254.16 150 31 20/06/1997 3
29.0494 -23.8157 | G45282 |H04 0986 1262 12.12 1249.88 150 30, 56-57, 108-110 | 25/06/1997 6
29.0487 -23.8150 | G45283 |H04 0989 1259 6.92 1252.08 126 24, 46, 60, 72 01/07/1997 | 40
29.0525 -23.8161 | G45284 N/A 1274 16.32 1257.68 138 33,59, 62,68, 115 | 11/07/1997 | 20
29.0573 -23.8180 | G45285 |H04 0987 1291 34.51 1256.49 156 36, 60, 108 15/07/1997 | 4,0
29.0481 -23.8148 | G45286 |H04 0990 1261 6.34 1254.66 78 14, 32, 56 16/07/1997 8
29.0483 -23.8147 | G45287 N/A 1261 6.51 1254.49 150 8, 21-24, 33, 40, 42, 46 | 31/07/1997 | 40-60
29.0517 -23.8162 | G45288 |H04 0985 1271 16.74 1254.26 72 30, 52, 62 06/08/1997 8
29.0662 -23.7849 | G45294 |HO04 1044| 1235 11.35 1223.65 144 31,43 09/10/1997 1
29.0640 -23.7833 | G45295 |H04 0982 1232 19.17 1212.83 126 30, 122 17/10/1997 3
29.0631 -23.7826 | G45296 |H04 0986 1232 19.50 1212.50 120 24 21/10/1997 | 0.6
29.0674 -23.7858 | G45297 |H04 1045| 1242 16.50 1225.50 120 None 23/10/1997 | Dry

Note: mbgl — metre below ground level;, mamsl — metre above mean sea level
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Table 5.2: Information on the boreholes selected for the recharge investigations (borehole in the Matlala wellfield)

Longitude Latitude |Site name| Borehole | Elevation | Static water level | Static water level | Borehole depth Water strike Date drilled| Yield
(°E) (°S) number | (mamsl) (mbgl) (mamsl) (m) (mbgl) (L/s)
29.0503 -23.8149 | Matlala 1 | H04-1457| 1269 9.59 1259.41 84 6, 23, 35, 41, 68 N/A N/A
29.0513 -23.8161 | Matlala 2 | H04-1049| 1275 22.49 1252.51 138 33,60, 75 N/A N/A
29.0503 -23.8158 | Matlala 3 | H04-0986| 1272 12.12 1259.88 150 30, 55, 108 N/A N/A
29.0503 -23.8163 | Matlala 4 | H04-2281| 1273 12.82 1260.18 102 12,31, 65,74 08/06/2006 | >10
29.0512 -23.8188 | Matlala 5 | H04-2264| 1280 20.14 1259.86 72 10, 25, 34 09/03/2006 | Dry
29.0489 -23.8179 | Matlala 6 | H04-1459| 1270 21.86 1248.14 54 11, 21, 34, 39, 45 N/A N/A
29.0480 -23.8176 | Matlala 7 | H04-1456| 1270 21.84 1248.16 24 3,6,16 N/A N/A
29.0469 -23.8183 | Matlala 8 | H04-2280| 1271 12.65 1258.35 102 24,37, 68 05/06/2006 | >8
29.0505 -23.8205 | Matlala 9 | H04-2265| 1278 15.44 1262.56 72 10, 17, 29, 49 10/03/2006 | Dry
29.0497 -23.8226 |Matlala 10| H04-2266| 1278 12.35 1265.65 102 18, 25 15/03/2006 | Dry
29.0501 -23.8242 |Matlala 11| H04-2267| 1282 16.62 1265.38 102 7,28, 52 16/03/2006 | Dry
29.0492 -23.8238 |Matlala 12| H04-2268| 1281 14.14 1266.86 72 15, 21, 36, 52 21/03/2006 | Dry
29.0445 -23.8147 |Matlala 13| H04-2277| 1276 9.76 1266.24 102 5,16 15/05/2006 | Dry
29.0464 -23.8146 |Matlala 14| H04-2274| 1273 10.61 1262.39 102 40 03/05/2006 | 1.5
29.0466 -23.8157 |Matlala 15| H04-2278| 1271 11.38 1259.62 102 8, 16, 26, 31 17/05/2006 | Dry
29.0451 -23.8158 |Matlala 16| H04-2275| 1276 14.7 1261.3 102 N/A 17/05/2006 | Dry
29.0455 -23.8150 |Matlala 17| H04-2276| 1277 13.6 1263.4 102 16, 24, 29, 94 09/05/2006 | 0.5
29.0466 -23.8201 [Matlala 18| H04-2271| 1280 15.57 1264.43 102 13, 27,37, 46, 61, 77 | 06/04/2006 7
29.0444 -23.8203 |Matlala 19| H04-2273| 1283 21.83 1261.17 102 43,54, 79, 82 11/04/2006 4
29.0460 -23.8228 |Matlala 20| H04-2269| 1278 15.24 1262.76 102 7,19, 32, 45 24/03/2006 | 0.3
29.0446 -23.8223 |Matlala 21| H04-2270( 1280 22.24 1257.76 112 31, 35,45 06/04/2006 3
29.0484 -23.8154 |Matlala 22| H04-0988| 1265 21.78 1243.22 150 8, 22, 33, 40, 46 N/A N/A
29.0484 -23.8108 |Matlala 23| H04-1460| 1258 21.83 1236.17 102 N/A N/A N/A
29.0523 -23.8138 |Matlala 24| H04-1461| 1269 13.014 1255.986 72 6, 18, 39, 63 N/A N/A
29.0409 -23.8061 |Matlala 25| H04-1458| 1291 18.53 1272.47 102 24, 46, 60, 72 N/A N/A

Note: mbgl — metre below ground level;

mamsl — metre above mean sea level
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5.2.1  Borehole and groundwater information

The depths of the selected boreholes vary from shallow (<25 mbgl) to very deep (156 mbgl) (see
Table 5.1 and Table 5.2), and depend on the geological setting in which the boreholes were drilled.
The depth follows a bimodal distribution (see Figure 5.5), with 78% of the boreholes drilled to depths
>100 mbgl, and 28% of them drilled to depths of between 100 and 109 mbgl. Nineteen per cent of
the boreholes represent the deep boreholes drilled to depths of between 150 and 160 mbgl. This
frequency distribution graph is markedly similar to that of depth to first water strike (see Figure 5.6),
although fewer boreholes were used to construct the distribution graph. This gives an indication that

for some of the boreholes, drilling was stopped once a sufficient water strike was reached.

Eighty-eight per cent of the boreholes encountered their first water strike at a depth below 40 m
(Figure 5.6), with an average depth of 13 m. Most boreholes had multiple water strikes with depths
ranging between 3 and 115 mbgl, indicating that multiple aquifers were intersected during drilling.
The static water levels measured in the boreholes may therefore represent the maximum hydraulic
head of the different aquifers intersected, and not the water table of the shallow unconfined aquifer.
Figure 5.7 illustrates the distribution of groundwater levels; it is clear that majority of the boreholes

have shallow groundwater levels less than 21 mbgl.
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Figure 5.5: Depth distribution of boreholes selected for recharge estimation

Groundwater level data in the selected boreholes were collected and evaluated on a quarterly basis
by the DWS. Automatic data loggers were used to record groundwater level data and were set to
record a reading on an hourly basis and corrected using hand measurement data, if any drift was

identified. The monitoring data was collected from 2007 to 2013 by the groundwater monitoring team
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from DWS as part of the Matlala Groundwater Monitoring Project. The results are displayed in Figure
5.7.
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Figure 5.6: Depth distribution of first water strikes in boreholes selected for recharge
estimation
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Figure 5.7: Distribution of groundwater levels in Ga-Matlala

Trends in the annual average groundwater levels in selected boreholes are shown in Figure 5.8. It is
seen that the most prominent increases in the groundwater levels occurred in 2010 while the lowest
levels were observed in 2007. The trends observed in Figure 5.8 indicate that the average groundwater
level was increasing over the monitoring period. The increase in groundwater level may be due to the

overall increasing trend in the annual precipitation between 2007 and 2013, as seen in Figure 3.6. As
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an example, Figure 5.9 shows the relationship between rainfall and water level in Matlala 3. The
graph shows that when there is cumulative rainfall over a certain period, there is a positive response
in the water level as a result of the field capacity of the unsaturated zone being exceeded, thereby
causing recharge. The fact that the water level trends shown in Figure 5.8 all emulate one another
shows that all these boreholes were similarly affected by rainfall. This observation strongly suggests

that water levels in these boreholes represent the hydraulic heads of the same aquifer system.
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Figure 5.8: Trends in the average annual groundwater levels for selected boreholes
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Figure 5.9: Daily rainfall data for the Matlala area and the corresponding groundwater level
data recorded in borehole Malala 3.
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Figure 5.10 shows the groundwater elevations in the boreholes selected for recharge estimation
plotted against the topographic elevations of these boreholes. Some boreholes were drilled along
straight lines across the contact of the batholith with the host rocks (refer to Figure 5.3) in order to
locate and investigate the contact. Boreholes in the wellfield are located at high elevations in the south
and lower elevations along the flow direction of the non-perennial Matlala River (refer to Figure 5.4).
The static water levels measured in 2013 and the elevation data for the respective boreholes were
used to construct a correlation plot (Figure 5.10). The graph shows a strong linear correlation between
surface elevation and static water level (R? = 0.88). This indicates that the groundwater table in the
study area generally emulates the surface topography, and that groundwater flow generally follows
the local topographic gradient. The generally small deviation of the boreholes from the linear

regression line also suggests that the boreholes intersect the same aquifer system.
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Figure 5.10: Graph showing the correlation be the observed groundwater levels and the
borehole elevation

Groundwater elevation data from the dry season of 2013 were used to generate a contour map
illustrating the distribution of the groundwater elevations in the Matlala wellfield (Figure 5.11). The
groundwater elevation ranges from 1236 to 1272 mamsl and displays a regional gradient to the north-
east. Locally, gradients are observed towards the non-perennial Matlala River along which the
groundwater elevations are notable lower. The lower groundwater elevations along the river are most
likely due to the lower surface topography associated with the river, since there is a good correlation

between topographic elevation and groundwater elevation (Figure 5.10).

It should be noted that the groundwater contours shown in Figure 5.11 represent conditions during

the dry season. No data were available to construct contours for the rainy season. However, during
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times that the Matlala River carries water, groundwater recharge from the river can be expected.
During these times the groundwater elevations in the vicinity of the river are expected to exceed the
elevations at positions displaced from the river, so that the hydraulic gradient will then be away from

the river at positions along its banks.

5.3 GROUNDWATER QUALITY CHARACTERISATION

5.3.1  Groundwater sampling

A trailer-mounted submersible-type sampling pump was used for the sampling of boreholes.
Sampling was done at the main water strike. Purging was done to remove all the stagnant water in
the hole and to ensure a clean and representative sample. A volume equal to three times the volume

of the borehole was abstracted during purging.

5.3.2  Results of the 1998 sampling event

The results of the chemical analyses performed on a total of 13 boreholes sampled during 1998 are
listed in Table 5.3. This table lists the major ion, SiO2 and TDS concentrations, as well as the EC and
pH values of the groundwater samples from the various boreholes. The listed data can be used to

evaluate the water chemistry within the weathered and fractured aquifer system in the study area.

5.3.3 Evaluation of the 1998 data

The major cations in the 13 boreholes with data from 1998 expressed one order of abundance. The
order moved from Na* > Ca?* > Mg?* > K*. The average order of cations for all boreholes showed
Na* > Ca?* > Mg?* > K*, with concentrations of 192.8 mg/L, 51.8 mg/L 39.5 mg/L and 8.1 mg/L,
respectively. The major anions also showed consistency in one order of abundance in 12 boreholes.
The order moved from CI-> HCOs > SO4> > NOs". Borehole G45208 had a slightly different order
of abundance. The order moved from CI- > HCO3™ > NOs™ > SO4>. The average values for anions did
not match the order CI->HCO3 > SO > NOs". HCOs- had higher concentration than CI-, which
changed the average order to HCOs > CI> SO4% > NOs, with concentrations of 376.6 mg/L,
203.1 mg/L, 59.7 mg/L, and 18.6 mg/L, respectively. Nevertheless, NOs- is the least abundant anion

in all the samples.

Table 5.3 shows the recommended water quality standards according to SANS 241:2006 for drinking

water. Based on the analysis, the following is observed:

o The pH values of all boreholes fall within the recommended limits for drinking water.
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Figure 5.11: Contour map of the 2013 groundwater levels at the Matlala wellfield
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Figure 5.12. Boreholes sampled during the 1998 sampling run
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Table 5.3: Results of the chemical analyses performed on the groundwater samples from the study area (1998)

Determinants pH EC TDS Na Ca Mg K HCO; | CI SO, NO; | SIiO, F
Recolfr'n”irz”ded 5.0-9.5| <150 | <1000 | <200 | <150 | <70 | <50 | - | <200 | <400 | <10 | - | <10
Standards Maximum 150- | 1000- | 200- | 150- 200- | 400-
(SANS 241:2006 ) limits #1011 570 | 2400 | 400 | 300 |701%0|50-100) - 600 | eo0 | 02| - |1OLS
Above
maximum limits
G45279
G45286 820 | 75.4 | 565 32 32 | 55 | 291 | 65 10 30.3
G45189 7.97 | 370 | 275 12 15 | 50 | 159 | 18 6 27.9
G45227 830 | 165 | 1536 15 14 | 77 | 712 | 170 | 82 35.0
G45229 822 | 720 | 585 | 270 | 17 14 | 61 | 706 | 60 16 34.5
G45234 831 | 644 | 566 | 120 | 16 12 | 32 | 376 9 17 31.9
Borehole number G45291 8.40 113 890 182 32 25 6.5 362 71 52 14.9
G45524 810 | 634 | 478 | 50 42 25 | 42 | 233 3 25 31.9
G45290 850 | 106 | 861 | 195 | 27 24 | 58 | 376 | 54 40 29.9
G45294 820 | 39.2 | 314 | 36 25 13 | 65 | 153 | 10 14 184 | 08
G45185 800 | 599 | 488 | 67 36 20 | 77 | 299 | 45 8 202 | 14
G45208 811 | 165 | 1113 | 177 | 83 50 | 7.9 | 401 | 223 | 24 156 | 04
G45193 8.00 | 268 | 2084 | 336 | 131 | 74 21 | 429 | 357 | 398 33.9 | 04
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The TDS values for Boreholes G45279, G45286, G45189, G45227, G45229, G45234, G45291,
G45524, and G45290 ranged from 275 to 890 mg/L. The geochemical constituents fall below
the recommended limits, except for Boreholes G45227, G45208, and G45193 which have TDS
values above the recommended limit but still fall below the maximum limit. Borehole G45279
has a value above the maximum limits. If the TDS value is <1 000 mg/L, the water is suitable
for domestic use. These TDS values also suggest that some of the boreholes might have
interactions with meteoric water. Boreholes with TDS values ranging from 1 113 to 3 022 mg/L
give an indication of groundwater mineralisation taking place. The high TDS concentrations
are attributed to long-term groundwater circulation within the aquifer and/or agricultural

activities.

Boreholes G45227, G45291, G45524, G45290, G45294, G45208, and G45193 show high
concentration of F~ and NOs". The latter is due to pollution of the groundwater. Borehole

G45279 showed values above the maximum limit in Na, Ca, Mg, and CI.

Hydrochemical (water type) classification

A Piper diagram (see Figure 5.13) was constructed using the groundwater chemistry data. This was

done to determine the main water types in the study area based on how certain ions were expressed

in the water. Deductions on the water type were then made from the distribution of the samples on

the Piper diagram.

From the Piper diagram, the following water types can be identified:

The water type for boreholes G45227, G45229, and G45234 is Na-HCOs. This water type was
likely formed as a result of the evolvement of Ca-HCOs3 rainwater produced during the

weathering of clay in the area.
Boreholes G45291 and G45290 show a mixed water type of Ca-Na HCO:s.

Boreholes G45189, G45185, G45294, and G45524 show a water type of Mg-HCOs3, which
could be as a result of ion exchange in the ferromagnesium rocks, evident in the drilling log

(see Appendix A).
Boreholes G45279 and G45208 have a mixed water type of Ca-Mg-Cl.

Lastly, Borehole G45193 has a Na-Cl water type, formed as a result of a lengthened
groundwater resident time and low recharge. This borehole had a low estimated recharge of
0.06% of the MAP (Table 5.5). The dominating cations in most of the boreholes are Na and K

and the dominant anion is HCO:.
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Figure 5.13 Piper diagram showing water types for boreholes drilled around the Matlala
Batholith

5.3.4  Results of the 2017 sampling events

The results of the chemical analyses performed on groundwater samples collected during the two
sampling events of 2017 are listed in Table 5.4. Unfortunately, the 2017 sampling runs were very
limited and only three boreholes along the non-perennial Matlala River were sampled. These
boreholes were different from those of the 1998 sampling event. In addition, one of the boreholes was
located approximately 16 km north-west of the Matlala Batholith, outside the current study area. The
three boreholes were, however, sampled twice in 2017: once in the spring season and once in autumn.
The data from these two sampling events allow some insight into the seasonal changes in the

groundwater quality.
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Table 5.4: Results of the chemical analyses performed on the groundwater samples from the study area (2017)

Determinants pH EC TDS Na Ca Mg K HCO; Cl SO, NO; | SIO, F
Recolz?nr;z”ded 5.0-9.5| <150 | <1000 | <200 | <150 | <70 | <50 | - | <200 | <400 | <10 | - | <10
Standards Maximum 150- | 1000- | 200- | 150- 200- | 400-
(SANS 241:2006 ) limits 101 370 | 2400 | 400 | zo0 | 701020100 - 600 | 600 | 00| o |[POL°
Above
maximum limits
Spring 2017
H040976 | 890 | 931 | 758 | 155 | 278 | 237 | 460 | 431 | 473 | 67 | 583 | 39.2
Borehole number | H040468 | 870 | 118 | - 139 | 27 | 441 | 950 | 260 | 2004 | 34 | 1692 | 36.1 | 052
Ho32463 | 8.70 | 339 | 2320 [NNSEOMM 36.1 | 692 | 249 | 654 |JGBEMN 145 | 18.2 | 380 | 1.15
Autumn 2017
H040976 | 890 | 921 | 758 | 172 | 135 | 223 | 560 | 431 | 498 | 105 | 387 | 39.0
Borehole number | H04 0468 | 7.20 | 113.7 | 776 | 127 | 326 | 427 | 1050 | 306 | 179.3 | 21.6 | 12.60 | 322 | 0.34
Ho32463 | 8.90 | 331 | 2081 [JNGSE 121 | 746 | 267 | 451 |GG 224 | 15.7 | 404 | 0.89
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5.35 Evaluation of the 2017 data

5.3.5.1 Spring season

The major cations in Borehole HO4 0976 showed the same order of abundance as the results from
1998. The order moved from Na* > Ca?* > Mg?* > K*; however, Borehole H03 2463 exhibited a

slight change in the above order of abundance as it moved from Na* > Mg?* > Ca®* > K*.

For the major anions, there is consistency in one order of abundance for Boreholes HO3 2463 and
HO04 0468: their order moves from CI- > SO4* > HCO3 > NOs". Borehole H04 0976 shows a slight

difference as it moves from ClI" > HCO3z > SO4* > NOs".

Table 5.4 shows the recommended water quality standards according to SANS 241: 2006 for drinking
water. Based on the analysis, the following is observed:

The pH values of all three boreholes fall within the recommended limits for drinking water.

o EC values of boreholes located upstream (HO04 0976 and HO04 0468) fall within the
recommended limit; however, Borehole HO3 2463, which is downstream, has a higher EC value

that falls within the maximum limit.

o The TDS value for Borehole HO4 0976 is 758.046 mg/L. The geochemical constituents fall
below the recommended limits, except for Borehole HO3 2463 that has a TDS value above the
recommended limit but still falls below the maximum limit. If the TDS value is <1 000 mg/L,
the water is suitable for domestic use. These TDS values also suggest that some of the boreholes
might have interactions with meteoric water. Borehole HO3 2463, located downstream, with
TDS values >2 000 mg/L gives an indication of groundwater mineralisation taking place, which
is attributed to long-term groundwater circulation within the aquifer and/or agricultural

activities.

. The CI concentration differs in all three boreholes. The Cl concentrations for boreholes
upstream (HO04 0976 and HO04 0468) fall within the maximum recommended limits, while
Borehole HO3 2463, which is located downstream, has a Cl value above the recommended

maximum limit.

o Lastly, Borehole HO4 0976 has a high concentration of F~. The latter is due to pollution of the

groundwater.

Hydrochemical (water type) classification: spring season

A Piper diagram (see Figure 5.15) for the spring season was constructed using the groundwater
chemistry data for the three boreholes. Deductions of the water type were made from the distribution
of the samples on the Piper diagram.
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Figure 5.15 Piper diagram generated using the spring season results (a total of three samples
were plotted)

Sodium bicarbonate water type

This water type is represented by Borehole HO4 0976, which is located upstream in the study area.
Based on results obtained from the recharge estimation methods, boreholes upstream receive fairly
higher recharge as compared to those located midstream and downstream. This water type was
probably formed as a result of the evolvement of Ca-HCOs3 rainwater. During cation exchange, the

Ca-rich recharge water exchanges the Ca for Na and K and produces the Na-HCO3 water type.
Sodium chloride water

This water type is represented by Boreholes HO3 2463 and H04 0468, which are located midstream
and downstream. This water type represents stagnant water or possibly old groundwater. Both
boreholes followed the same order of cation and anion abundance as discussed above for Borehole
HO03 2463, which is located downstream and shows an excess of ions Na*, CI, HCOs", SO+%, EC, and
TDS in solution through mineralisation. The CMB method indicated that boreholes in a semiconfined

aquifer system that have high chloride content receive little recharge

5.3.5.2 Autumn season

The difference in the order of ions for spring and autumn season is discussed in this section. The

major cations for all three boreholes exhibit the same order of abundance similar to that of Borehole
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HO03 2463 in the spring season (refer to Table 5.4). The order moved from Na* > Mg?* > Ca?" > K*.
The dominant order of abundance of the anion in autumn differ to that of the spring season, where it
moves from HCO3 > CI- > SO4% > NOgs"; however, Borehole HO3 2463 exhibits a similar order of
abundance as the spring season. The order moves from Cl-> HCO3s > SO4> > NO3". As compared to
spring, the pH values of all three boreholes fall within the recommended limits for drinking water.
Borehole HO3 2463, which is located downstream, has EC, Na, and Cl values above the maximum
limits, while in spring the EC value was within the recommended maximum limit. Similar to the

spring season, Borehole H04 0976 has an F value above the maximum limit.
Hydrochemical (water type) classification: autumn season

A Piper diagram (see Figure 5.16) for the autumn season was also constructed using the groundwater
chemistry data for the three sampled boreholes. Deductions of the water type were then made from

the distribution of the samples on the Piper diagrams.
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Figure 5.16 Piper diagram generated using the spring season results (a total of three samples
were plotted)

Sodium bicarbonate water type

This water type is represented by Boreholes H04 0976 and H04 0468, which are located upstream

and midstream respectively. In spring, Borehole HO3 2463 represents the sodium chloride water type.
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The change in water type is as a result of sample collection just after the rainy period. This borehole

shows HCOg" as the highest ion (see Figure 5.16).
Sodium chloride water

In autumn, this water type was represented by Borehole HO3 2463, which is located downstream.

The general conclusion regarding the classifications of water types is that little change occurred due
to seasonal influences. However, Borehole HO3 2463 showed a decrease in TDS from spring to
autumn, while the pH of Borehole H04 0468 also decreased significantly. Since only two sampling
events were available to evaluate temporal trends, it is not possible to state with certainty that these
observed changes in the water chemistry represent real changes in the groundwater conditions. For
example, it is possible that the lower pH-value observed in Borehole HO4 0468 during the autumn
season was an outlier that would have been revealed had more sampling events taken place. Water

types identified included: sodium bicarbonate, sodium chloride, and mixed water.
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5.4 RECHARGE ESTIMATION

54.1 Recharge Estimation Using the CMB Method

The groundwater chloride concentration was measured in 13 boreholes situated on six traverses along
which geophysical data had previously been recorded (Figure 5.17, Figure 5.18). The ground
geophysics for two of these traverses (Traverses 3 and 6) is discussed in Section 4.5.1. The chloride

concentration recorded in these 13 boreholes were used for recharge estimation (Figure 5.19).

For all 13 boreholes, the long-term mean annual rainfall in the study area was taken as 484 mm, the
average for the period 2007 to 2014, while the mean chloride concentration in rainwater for inland
areas used was 0.2207 mg/L, as obtained from Xu and Van Tonder (2000). It is important to note that
there was no long-term mean dry chloride deposition data in the study area. The mean chloride
concentrations in groundwater for the 13 boreholes are listed in Table 5.5. This table also shows the
estimated recharge rates calculated for each borehole.

The recharge estimation with the CMB method indicates that the study area experienced recharge
ranging between 0.07 and 36.0 mm/year, representing 0.01% to 7.44% of the total precipitation
received in the area. The highest recharge value was obtained at borehole G45524, which was drilled
at the Matlala Clinic (Figure 5.17). Most of the boreholes on the eastern side of the study area intersect
highly weathered and fractured rock. They occur along the non-perennial Matlala River. During
periods of rainfall and flow, the permeable rocks allow recharge to take place, which suggests that
there is an interaction between the surface and groundwater. Borehole G45279 near the western
perimeter of the Matlala Batholith has a low estimated recharge of 0.07 mm/year, even though the
geological log shows a fractured and weathered regolith (see Appendix A). The low calculated
recharge rate is due to the high chloride value of 1 555 mg/L recorded in this borehole. Since all
boreholes were purged prior to sampling (Du Toit, 2011), the high chloride value cannot be due to
the presence of stagnant water in the borehole. The reason for the anomalously high chloride

concentration in this borehole is currently unknown, and should be further investigated.

The average annual groundwater recharge of the study area was estimated to be 5.81 mm, which
represents 1.20% of the MAP (484 mm). Although the chloride concentration in the rainwater was
not measured and the long-term mean chloride deposition was unknown, the recharge estimate of this
study is in line with that of other studies conducted in and around the Matlala area. A similarly low
recharge value of 0.5% of the MAP (365 mm) was obtained by Holland (2011) using the CMB method
in Chloe, which occurs near the north-eastern perimeter of the Matlala Batholith outcrop (Figure 5.2).
Bredenkamp et al. (1995) applied the CMB method in the Limpopo Mogwadi aquifer, where a
recharge estimate of 0.7-8.0% of the MAP (440 mm/year) was obtained.
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Figure 5.17. Locations and orientations of the geophysical traverses and boreholes used for the recharge estimation using the CMB method
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Figure 5.18. Locations of the boreholes used for the recharge estimation using the CMB method (red circles) and WTF and CRD methods
(black triangles) relative to the site topography
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Figure 5.19 Groundwater chloride concentrations in the boreholes along Traverses 1, 3, 4, 5,
6, and 11 and at the Matlala Clinic

Table 5.5: Average groundwater recharge estimates from chloride mass balance

Traverse |Borehole| Lithology Annual Precipitation | Groundwater [Groundwater|Groundwater
intersected| precipitation crt crt recharge recharge
(mmiyear) | concentration | concentration | (mmvyear) | (% of MAP)
(mg/L) (mg/L)

Traverse 1 | G45279 Granite 1555 0.07 0.01
Traverse 3 G45286 Greiss 65 1.66 0.34
G45189 18 5.98 1.24
G45227 170 0.63 0.13
Traverse 4 | G45229 | Granite 60 1.80 0.37
G45234 9 12.0 2.47
Traverse 5 G45291 Granite 484 0.2207 71 1.52 0.31
G45290 54 1.99 0.41
Matlala Clinic| G45524 | Granite 3 36.0 7.44
G45294 . 10 10.8 2.23
Traverse 6 | - 51g5 | TN 45 2,39 0.49
G45193 . 357 0.30 0.06
Traverse 111 S psp0g | GO 223 0.48 0.10
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54.2 Recharge Estimation using the WTF and CRD Methods

5.4.21 Available data

The time series groundwater level monitoring dataset is from 2007 to 2019 and was obtained from
the DWS Polokwane regional office. Predetermined specific yield values of the encountered lithology
were obtained from literature (Tshipala, 2018), and the yearly rainfall data were obtained from the
South African Weather Services (SAWS) station in Polokwane (677802bx). The datasets obtained

had enough data to a create hydrographs for selected boreholes.

Three boreholes (Matlala 1, Matlala 3 and Matlala 12, Figure 5.21) within the wellfield were selected
for recharge estimation using the WTF and CRD methods. These boreholes were selected because
they had long-term and recent groundwater level data as opposed to many of the other boreholes in
the wellfield. All three these boreholes occur within the gneiss host rock adjacent to the batholith.

5.4.2.2 Rainfall

The rainfall station used for this study is located in Polokwane, which is 45 km from the current study
area. Data from the station were plotted to determine the rainfall trends over the period of the study.
The highest rainfall was recorded in 2015 at 199 mm, as shown in Figure 5.20.
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Figure 5.20 Rainfall trends from 2007 to 2019 from Polokwane (Station 677802bx)
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5.4.2.3 Response of groundwater levels to rainfall

According to Moon et al. (2004), groundwater level fluctuation can be influenced by hydrogeological
variables (i.e. topography), as well as the characteristics of the precipitation (i.e. its amount, intensity,
and duration). In this study, it is assumed that the rise in groundwater level is due to the interaction
between rainfall and groundwater, as adopted from Van Wyk et al. (2011). The hydrographs for
boreholes Matlala 1, Matlala 3, and Matlala 12 were plotted using an Excel spreadsheet. The
groundwater level and rainfall interaction were assessed and used to determine the response of
groundwater levels to rainfall, either slow, intermediate, or rapid. For Matlala 3, the hydrograph was
analysed from 2007 to 2013, while for Matlala 1 and Matlala 12 it was from 2007 to 2019 (see Figure
5.22). The water level data gaps in boreholes Matlala 1 and Matlala 12 are the result of malfunctioning

water level loggers.
The following general observations are made:
o There is periodic groundwater fluctuation in all three boreholes during and after the wet season.

o The three hydrographs do not always show a positive correlation between rainfall and
groundwater level. For example, in 2008 from April to August, rainfall decreased but the
groundwater level increased. Similarly, between December 2009 and May 2010, the

groundwater level decreased, with increased rainfall.

o When there is cumulative rainfall over a certain period, there is a positive response in the water
level as a result of the field capacity of the unsaturated zone being exceeded, thereby causing
recharge.

o The overall groundwater level for Matlala 12 increased (became shallower) by approximately
2.5 m, over the period 2007-2019, while Matlala 1 decreased (became deeper) by approximately
1.5 m. This suggests that the response to rainfall is different at the two boreholes and that the

recharge mechanisms may differ.

o The overall groundwater level response to rainfall is intermediate, i.e., the groundwater levels

respond to rainfall events in a timeframe of months.

The hydrographs in Figure 5.22 suggest that (1) there is a threshold annual rainfall below which water
table changes are not pronounced, (2) once the threshold has been overcome, the water table response
to rainfall becomes evident, (3) sharp and short duration rises occur in the water table in response to
large rainfall events, and (4) the groundwater response to rainfall is delayed.
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Figure 5.22 Hydrographs of averaged groundwater levels from the boreholes Matlala 1 (top),
Matlala 3 (middle), and Matlala 12 (bottom) from 2007 to 2019 and rainfall record
from the Polokwane (677802bx) rainfall station
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5.4.2.4 Recharge estimation using the WTF method

The three boreholes for which hydrographs could be compiled (Matlala 1, Matlala 3, Matlala 12; see
Figure 5.21) all intersect the shallow aquifer system and were chosen to estimate recharge in the
Matlala wellfield. It is important to note that all the boreholes with long-term groundwater level
monitoring data were clustered in one area; hence the selection of boreholes in close proximity to one

another.

5.4.2.4.1 Results and discussion

The results of the recharge estimation using the WTF method are listed in Table 5.6. This table shows
the recharge estimating from boreholes located within the gneiss host in the Matlala Batholith
intruded. The lowest estimated recharge rate for Matlala 1 was in the year 2013 with a value of
4.60 mm, which represented 1.65% of the rainfall received during that year, while the highest
estimated recharge was in 2015 with a value of 10.9% of the rainfall received. The lowest estimated
rate at Matlala 3 was 1.16% in 2013 while the highest recharge rate was 5.89% in 2010. Finally, for
Matlala 12, the lowest estimated recharge rate was 0.79%, with the highest estimate equal to 10.52%
of the received rainfall. The average estimated recharge rates for Matlala 1, 2 and 3 were 4.33%,
3.34% and 2.50%, respectively.

Tshipala (2018) obtained a value of 5.42% of the MAP using the WTF method in Mogwadi.
Masiyandima et al. (2002) used the rainfall model calculations provided by DWAF (Tshipala, 2018)
and obtained recharge rates of 3-5% of MAP. Although the boreholes are drilled in the same lithology
with the specific yield of 0.02, there is a variation in the recharge estimate. It is clear that the different
depth of fracturing and weathering of the regolith influenced the flow and recharge. It is important to
note that data gaps in 2007, 2013, and 2019 would have affected the average recharge in the water
years and the calculated recharge; hence there is less discussion around these years.

Figure 5.23 shows little positive correlation between groundwater recharge estimates and rainfall. In
all the boreholes, the highest recharge estimate peaks are not associated with high rainfall years but
rather periods of cumulative rainfall. This gives an indication that there is a lag period before
groundwater recharge takes place. The lag in response of groundwater level to rainfall is affected by
the highly fractured and weathered regolith, which needs to be saturated with water for water to flow

farther down to the underlying aquifer.
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Table 5.6: Average groundwater recharge estimates from the WTF method

Borehole | Year Total Mean Al |Lithology | Specific | Recharge | Recharge
precipitation yield
(mm) (m) (5,) |(mmiyear)| (%)
2007 278.5 0.23 4.60 1.65
2008 386.0 0.84 16.9 4.37
2009 541.0 1.40 28.0 5.17
2010 465.2 1.37 273 5.83
2011 541.7 0.63 12.6 2.32
2012 4154 0.73 14.6 3.49
Matlala 1 | 2013 6363 0.33 10.5 1.66
2014 456.5 1.00 20.0 439
2015 309.5 1.68 33.6 10.9
2016 511.2 1.02 20.3 3.98
2017 363.2 1.78 35.6 5.81
2018 407 .4 0.53 10.6 2.60
2019 208.5 0.02 0.40 0.19
2007 278.5 0.22 4.42 1.59
2008 386.0 0.70 14.1 3.64
2009 5410 1.40 279 5.16
Matlala 3 | 2010 469.2 1.38 Gneiss 0.02 276 5.89
2011 547 0.77 15.5 2.86
2012 4154 (.65 12.9 3.08
2013 636.3 0.37 7.40 1.16
2007 278.5 0.02 0.37 0.13
2008 386.0 0.15 3.03 0.79
2009 541.0 0.55 11.1 2.05
2010 465.2 1.23 245 5.23
2011 541.7 0.09 1.90 0.35
2012 4154 0.18 3.55 0.85
Matlala 12| 2013 6363 025 5.03 0.79
2014 456.5 240 43.0 10.5
2015 309.5 0.66 13.2 4.25
2016 511.2 0.29 5.81 1.14
2017 363.2 0.49 5.88 2.72
2018 407 .4 0.46 5.20 226
2019 208.5 0.15 2,30 1.39
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Figure 5.23 Groundwater recharge rates calculated for boreholes Matlala 1 (top), Matlala 3
(middle) and Matlala 12 (bottom) using the WTF method
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5.4.25 Recharge estimation using the CRD method

The time series groundwater level monitoring dataset is from 2007 to 2013 and was obtained from
the DWS Polokwane regional office. Predetermined specific yield values of the encountered lithology
were obtained from literature (Tshipala, 2018), and the yearly rainfall data were obtained from the
South African Weather Services (SAWA) station in Polokwane (677802BX). The datasets obtained
had enough data to a create hydrograph.

5.4.2.5.1 Results and discussion

After calibrating the observed and simulated CRD time lag and specific yield parameters the best fit
graphs for all three boreholes were obtained. The simulation results are shown in Figure 5.24 and
listed in Table 5.7. For comparison, Table 5.7 also lists the recharge estimates obtained with the WTF
method.

Table 5.7 Recharge estimations based on the CRD method

Borehole Specific yield CRD recharge Lag WTF recharge
number Sy) (%) (months) (%)
Matlala 1 0.02 3.90 1 4.33
Matlala 3 0.02 4.85 2 3.34
Matlala 12 0.02 2.54 1 2.50

Monthly rainfall for the simulated period was above average. This is evident from the water level
fluctuation in all three boreholes. It is also observed that fluctuations are seen during the period with
cumulative rainfall. The simulation for all three boreholes shows a correlation between the observed
and simulated CRD. However, a deviation is seen when the simulated water level is higher than the
observed water level due to outflow (abstraction), and when the observed water level is higher than
the simulated water level as a result of lateral flow and surface inflow from an intermittent stream

outside the recharge area.

All three boreholes were assigned a Sy value of 0.02, which is similar to the value used in the WTF
method. The averaged estimated recharge values ranged from 2.54% to 4.85%. Although these
boreholes are drilled in the same lithology, the depth of weathering and fracturing of the regolith
influence the different depth in water level in all three boreholes, as well as a variation of recharge
estimates and lag time. Borehole Matlala 12 is located upstream and the weathered zone is only 9 m
thick. This borehole has a deeper water level as compared to boreholes Matlala 1 and Matlala 3, which
are drilled in the highly weathered regolith with a thickness of 35 m.
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The estimated recharge values from both physical methods indicate that recharge is not uniform in
the study area, which is expected because recharge is a function of aquifer properties, rainfall, and
the geomorphology of the area. The CRD and WTF recharge estimates vary despite the use of data
from the same period; however, the difference is not significant. The CRD method gives an average
recharge for the whole simulated period, while the obtained WTF estimates are also averaged over
the simulated period for the CRD method. Although the estimates from the CRD and WTF differ,
other authors obtained estimates ranging from 1% to 6% using the CRD and WTF methods. Using
the CRD method, Holland (2011) obtained a recharge estimate of 1.4%, whereas Tshipala (2018)
obtained a value of 5.7 % using the WTF method.

5.5 DEVELOPMENT OF CONCEPTUAL GEOHYDROLOGICAL
MODEL

55.1  Ground Geophysics

The data obtained from magnetic and electromagnetic (EM) surveys conducted by Du Toit (2001)
across the contact between the batholith and the host rock (refer to Figure 5.3) were correlated with
the geological logs to locate the contact zones and to further investigate if the contact zones have
groundwater potential.

The results of the geophysical surveys on Traverse 3 across the Matlala wellfield are show in Figure
5.25. This figure also shows a geological cross-section compiled from drilling logs and the
geophysical data. Both the magnetic and EM survey results indicated variation in the subsurface
lithology. From 0 to 700 m, the two techniques do not reveal significant lateral changes in the physical
properties of the subsurface. However, the EM readings are not entirely smooth and this may be due
to local conductivity changes associated with fracturing and weathering of the regolith. Variations
can be seen from 750 m onwards where the traverse extends above the batholith, as revealed by
drilling. The EM data indicate that the subsurface is more conductive where the batholith occurs as
compared to the gneiss host rock. The magnetic profile indicated the presence of a magnetic body
(most likely a dolerite dyke) between 1 100 and 1 200 m. Numerous water strikes were noted in the
boreholes intersecting the roof contact with the batholith. In most of the boreholes in Traverse 3, the

first water strikes were encountered at depths ranging from 10 to 40 m.

Figure 5.26 shows the results of the geophysical surveys conducted on Traverse 6 to the north of the
Matlala wellfield. As on Traverse 3, the geophysical methods successfully located the contact
between the batholith and its host rock and revealed the presence of magnetic intrusives (dolerite
dykes).
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Figure 5.25. Comparison of the geological cross-section (ESE-WNW) and geophysical profiles along Traverse 3 (Du Toit, 2001)
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5.5.2  Borehole Geophysics

The borehole geological log data show different geologic units in the area. The logs show
interlayering of permeable and less permeable material (gneiss, granite, and dolerite). The main
water-bearing geological unit is the weathered and fractured section. The dolerite dykes encountered

show low permeability.

The downhole geophysical logs were used in conjunction with the lithological logs to maximise the
understanding of subsurface geology, the lithological change, as well as the location of water strikes
(fractures and weathered zones). The data showed heterogeneity in the geological units in both the
vertical and lateral extent, with the host rocks (gneiss) and the granitic batholith intruded by dykes,
which is clear in a number of lithological logs. The results for both logs show a highly fractured and
weathered regolith with multiple water strikes.

Borehole geophysical logging was performed by the DWS on eight boreholes along the non-perennial
Matlala River (Figure 5.27). Due to availability of drilling log information, the results from only three

boreholes (Matlala 1, Matlala 8 and Matlala 12) are discussed in this section.

55.2.1 Geophysical logging of Matlala 1

Figure 5.28 shows the results of the geophysical borehole logging performed on Matlala 1. The depths
of the water strikes are indicated by red markers. Due to the caliper logging tool malfunctioning, it is

not possible to identify the breakout zones and the change in diameter along the borehole wall.

The gamma log shows localised zones of higher natural radiation, particularly near 38 mbgl, 50 mbgl,
and at depths greater than 73 mbgl. These zones probably indicate changes in the lithology and do
not appear to be directly related to the water strikes in the borehole. As expected, the neutron log
displays a rapid decrease below the depth of the water table (9.59 mbgl) due to the increased hydrogen
concentration. Below this depth, the neutron log exhibits a gradually increasing trend, most likely
indicating a generally decreasing porosity with depth. Several zones of locally decreased cps values
indicate zones of increased hydrogen content which may be related to fracturing. Prominent zones of
deceased cps occur at depths of approximately 60 mbgl and 75 mbgl. The zone near 75 mbgl

corresponds to the depth of a major water strike.

As expected, the resistivity log displays a rapid decrease below the depth of the water table. Similar
to the neutron log, the resistivities show an increasing trend with depth below the water table. This
again suggests decreasing bulk porosity with depth. Localised zones of lower resistivity could
indicate either changes in the subsurface lithology or increased water content. One such a zone occurs
near 60 mbgl, where the neutron log also indicated the presence of increased hydrogen

concentrations.
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Figure 5.28 Geophysical logging results of Matlala 1 (red markers indicate depths of water
strikes)

55.2.2  Geophysical logging of Matlala 8

The results of the geophysical borehole logging performed on Matlala 8 are shown in Figure 5.29.
The caliper log shows a gradually decreasing wall diameter with increasing borehole depth. This
change may reflect the increasing competence of the subsurface rock materials. The five sharp
negative peaks in the caliper log between 21 mbgl and 61 mbgl correspond to unrealistic decreases
in the borehole diameter and are most likely due to measurement errors. Below 70 mbgl the borehole
diameter decreases and displays irregularities in the wall of the borehole. This is the approximate
depth of a major water strike and could indicate fracturing at the contact between different lithological

units.

The gamma log shows zones of increased natural radiation, particularly between 41 mbgl and
46 mbgl, and near 67.5 mbgl and 76 mbgl. These zones could indicate different lithological units in

the subsurface.

Similar to the log of Matlala 1, the neutron log displays a rapid decrease at the depth of the water

table and then a gradually increasing trend which may reflect a decreasing bulk porosity with
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increasing depth. Local zones of decreased cps counts are again observed. These zones are due to
increased hydrogen concentrations and may indicate changes in the subsurface lithology or increases
in porosity and water content. A prominent step in the cps count is observed below the depth of the

water strike at 68 mbgl.

The resistivity log indicates a low resistivity below the water table and up to a depth of approximately
71 mbgl. A localised resistivity high near 43 mbgl is probably due to the presence of a denser rock
unit with lower porosity. Below 71 mbgl there is an abrupt increase in the resistivity, possibly

indicating the presence of a contact between different lithologies.
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Figure 5.29 Geophysical logging results of Matlala 8 (red markers indicate depths of water
strikes)

5.5.2.3  Geophysical logging of Matlala 12

The results of the geophysical borehole logging performed on Matlala 12 are shown in Figure 5.30.
The different logs for Matlala 12 correspond to each other and indicate the presence of fractures.
Increases in the borehole diameter are noted at depths of approximately 20 mbgl, 34 mbgl and
51 mbgl in the caliper log. These depths correspond to zones of low cps in the neutron log and
decreased resistivity in the resistivity log. These observations suggest the presence of a water-bearing
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fractures at these depths. Major water strikes were indeed recorded at depths of 21 mbgl, 36 mbgl and
52 mbgl.

Other apparent fracture zones are observed at depths of approximately 62 mbgl and 77 mbgl.

However, no water strikes were recorded at these depths.
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Figure 5.30 Geophysical logging results of Matlala 12 (red markers indicate depths of water
strikes)

The geological borehole logs were used to calibrate the resistivity logs in terms of the intersected
lithologies, and to estimate the lithological distributions and layer thicknesses. A total of 42 borehole
data sets around the Matlala Batholith were used for this task (Appendix B). The lithologies in the
Matlala Batholith were grouped into three zones: (1) the weathered and fractured regolith zone, (2)
the fractured zone, and (3) the fresh rock zone (Table 5.8). Previous geological mapping and
geophysical investigations conducted by Du Toit (2001) assisted to understand and develop a

geohydrological model for the Matlala Batholith in the vicinity of the Matlala wellfield.
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Table 5.8 Geological zones of the Matlala Batholith

. . Resistivity Average depth
Structural/geological zone Lithology (Ohm.m) (mbgl)
. Gneiss, granite, diabase,
Weathered and fractured regolith i 5-250 05-7
silty clay
Fractured zone Gneiss, granite, diabase 250 - 500 7-35
Unaltered bedrock Gneiss, granite 500 - 1500 35-40

5,5.3  Conceptual Model

The results obtained from the geophysical surveys were used to identify the three geological zones in
the area. These zones are (1) the weathered and fractured regolith zone, (2) the fractured zone, and
(3) the unaltered bedrock zone. These zones are composed of the following lithologies: Goudplaats-

Hout River Gneiss, Matlala Granite, diabase, and some quaternary deposits (alluvium).

The Matlala Batholith shows no strong magnetic signature, but magnetic diabase dykes cut through
it. These dykes have south-west/north-east, west-south-west/east-north-east and west-north-

west/east-south-east strikes.

The aquifer system of the Matlala Batholith can be divided into two, namely: the regolith (weathered
and fractured) zone, and (2) the fractured bedrock. The interface between the two zones is delineated
based on the results obtained from the downhole geophysical logs and lithology data form Du Toit
(2001). Du Toit (2001) further recorded that the transmissivities of the weathered and fractured
regolith varies from 151 to 205 m?/d while that of the fractured bedrock varies from 3 to 57 m?/d.

One main stream, the non-perennial Matlala River, is represented in the conceptual model (Figure
5.31). This stream is mostly dry during dry seasons, but it is evident that it has a positive influence
on the recharge mechanism in the area, probably due to surface and groundwater interaction.
Boreholes G45524 located near the stream has a higher recharge estimate, followed by G5189 on the
southern side of the batholith. Borehole G45193 located on the eastern side of the batholith and farther

away from the stream has a low recharge estimate.

Borehole and groundwater information shows that boreholes with shallower groundwater levels are
mostly encountered in the weathered and fractured regolith and along the Matlala River. These
boreholes have groundwater levels less than 21 mbgl. Boreholes with deeper groundwater levels are
associated with the fractured bedrock. The groundwater level data were used to determine the
hydraulic gradient and flow direction in the vicinity of the wellfield. Based on the water level results,
groundwater flows from south to north and south-south-east to north-north-west.
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Groundwater quality characterisation for this study is limited, however the information is useful in
understanding the influence of recharge on water quality. Boreholes G45193 located on the eastern
side of the batholith has higher EC and TDS; these values suggest groundwater mineralisation.
Boreholes G45189 in the south and G45524 located along the stream have lower EC and TDS values.
The overall water quality results display an increase in mineralisation and dissolved solids from the

south to the north.

Water table

Transmissivity 151 - 205 m?/d
Joints

Fractured bedrock
Transmissivity 3 « §7 m*/d 2 Fractures

Diabase dyke
Hout River Gneiss

Unaltured bedrock

Figure 5.31 Conceptual geohydrological model of the Matlala Batholith in the vicinity of the
Matlala wellfield during the rainy season when groundwater recharge occurs from
the river
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CHAPTER 6:
CONCLUSIONS AND WAY FORWARD

6.1 CONCLUSIONS

This study aimed to understand the water level response to rainfall and to estimate the groundwater
recharge to the Matlala Batholith and surrounding gneissic host rock by evaluating historical
groundwater level and chemistry data. Specific focus was placed on an area near the south-eastern
boundary of the batholith where a wellfield occurs. Groundwater from this wellfield may in future
supply the local community with water to meet their drinking and domestic water needs. However,
no sustainable yield has yet been calculated for the boreholes in the wellfield, and the risk therefore
exists that over-abstraction from these boreholes could cause permanent damage to the aquifer
system. As a first step towards determining a sustainable yield for the wellfield, information on the
recharge of the aquifer system is required.

The available historical data are sparse and contain large temporal and spatial gaps. This lack of
complete, comprehensive, and recent data was a severe limitation to the current recharge
investigation. Despite this shortcoming, three methods were used to estimate the groundwater
recharge in the study area from the available data, namely the CMB, WTF and CRD methods.

The investigations into the groundwater recharge mechanisms and rates allowed the development of
a conceptual geohydrological model for the Matlala Batholith. According to this model the aquifer
system can be divided into two main aquifers, namely: the regolith (weathered and fractured) zone,
and (2) the fractured bedrock. From an analysis of the water level response to rainfall it is clear that
there is a lag period of one to two months between rainfall events and groundwater recharge. The lag
in response of groundwater level to rainfall is affected by the highly fractured and weathered regolith,
which needs to be saturated for water to flow farther down to the underlying fractured bedrock

aquifer.

The recharge rate estimated with the CMB method varied between 0.01% and 7.44% of the MAP for
different boreholes with an average value of 1.20% of the MAP. Applying the WTF method to
different boreholes in the study area, the recharge was estimated to be between 0.13% and 10.9% of
the received rainfall, with an average value of 3.39%. The recharge rates estimated with the CRD

method varied between 2.54% and 4.85%, with an average value of 3.76% of the received rainfall.

The average recharge rates estimated with the physical methods were very similar (3.39% and 3.76%
of the rainfall received) but differed from the estimate obtained with the CMB method (1.20% of the

MAP). However, all three methods indicate low average recharge rates of well below 5%, in line with
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the results obtained by other scholars. These low recharge estimates should be used when calculating

the sustainable abstraction rate from the aquifer system.

For all three methods, the recharge values were not uniform for boreholes drilled around the Matlala
Batholith. The large variations in the estimated recharge rates for the different boreholes indicate that
different recharge conditions occur at these boreholes. The recharge rates are most likely affected by

the depth of weathering and fracturing of the regolith in the vicinity of the different boreholes.

Boreholes drilled along the non-perennial Matlala River indicated higher recharge rates compared to
those farther away from the stream, and boreholes downstream showed little recharge compared to
those along the midstream and upstream towards the contact of the batholith. Results from the CMB
method indicated higher recharge values for boreholes located on the eastern side of the batholith
towards the Matlala River, where deeper weathering occurs.

The groundwater quality investigations revealed that boreholes located downstream on the northern
side of the batholith had higher EC and TDS values with NaCl water types, and those on the southern
side of the batholith had lower EC and TDS values with MgHCO3 water types. The water quality
results displayed an increase in mineralisation and dissolved solids from the south to the north. The
distribution of the water types is in line with the results obtained from the recharge estimations:

boreholes located upstream indicate higher recharge rates than those located downstream.

From the recharge investigation it is clear that there is no straightforward method to estimate recharge
in fractured and weathered crystalline terrain. However, the use of different methods can assist in
obtaining a more reliable recharge estimate. Recharge in crystalline aquifers is influenced by multiple
factors, including: the intensity, frequency and duration of rainfall events; the topographic gradient;
the state of weathering and fracturing of the regolith; and the clay content of weathering products.
Reliable recharge estimates require long-term groundwater chemistry and elevation data of good
quality.

The study has improved the understanding of the groundwater recharge mechanisms and recharge
rates at the Matlala Batholith. While estimates of the recharge rate to the aquifer system were
obtained, this information alone is not enough to determine a sustainable abstraction rate from the
boreholes in the Matlala wellfield. Further investigations, outlined in Section 6.2, should be carried

out before handing over the boreholes to the community for water supply.

6.2 WAY FORWARD

Based on the findings of this study, the following way forward is proposed for future investigations
at the Matlala Batholith, and more specifically at the Matlala wellfield to ensure that the aquifer

system is not overexploited:
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Pumping tests should be performed on the high-yielding boreholes in the wellfield to investigate

the flow regimes in the aquifers and to determine the aquifer hydraulic parameters.

Based on the results of the pumping tests, sustainable abstraction rates should be calculated
using the Flow Characteristic (FC) method.

Isotope analyses should be performed on groundwater samples from the different boreholes on

and adjacent to the batholith to investigate groundwater origins, ages and mixing.

The hydraulic connection between the regolith and the underlying fractured bedrock should be
investigated. Depending on their construction, the boreholes in the Matlala wellfield may be

suitable for such investigations.

A numerical model should be developed for the Matlala wellfield, based on the conceptual
geohydrological model developed in this study, to investigate different pumping scenarios for
future water supply purposes. The recharge rates estimated in this study should be used as an

input to the numerical model.
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ABSTRACT

Communities residing near the Matlala Batholith are dependent on the groundwater resource for their
water supply. The Matlala wellfield occurs near the south-eastern perimeter of the batholith outcrop
and may in future supply local residents with water for drinking and domestic purposes. However,
the groundwater level response to rainfall and the groundwater flow patterns within the study area
are not well understood, and the risk of aquifer depletion exists if over-abstraction from the aquifer
takes place. It is therefore important to understand the underlying aquifer system in terms of recharge
and groundwater flow to allow determination of a sustainable abstraction rate. As a first step towards
determining a sustainable yield for the wellfield, information on the recharge of the aquifer system is

required.

In this study the groundwater recharge to the Matlala Batholith and surrounding gneissic host rock is
estimated by evaluating historical groundwater level and chemistry data. However, the available
historical data is sparse and contain large temporal and spatial gaps. This lack of complete,
comprehensive, and recent data was a severe limitation to the recharge investigation. Despite the
limitations associated with data scarcity, three methods were used to estimate the groundwater
recharge in the study area from the available data, namely the chloride mass balance (CMB), water

level fluctuation (WTF) and cumulative rainfall departure (CRD) methods.

For all three methods, the estimated recharge values varied significantly for the boreholes drilled
around the Matlala Batholith. The large variations in the estimated recharge rates for the different
boreholes indicate that different recharge conditions occur at these boreholes. The recharge rates are
most likely affected by the depth of weathering and fracturing of the regolith in the vicinity of the

different boreholes.

The average recharge rates estimated with the physical methods (WTF and CRD) were very similar
(3.39% and 3.76% of the rainfall received) but differed from the estimate obtained with the CMB
method (1.20% of the MAP). However, all three methods indicate low average recharge rates of well
below 5%, in line with the results obtained during previous studies. These low recharge estimates

should be used when calculating the sustainable abstraction rate from the aquifer system.

A way forward for future investigations at the Matlala wellfield includes: performing pumping tests
on the high-yielding boreholes in the wellfield to investigate the flow regimes in the aquifers and to
determine the aquifer hydraulic parameters, calculating sustainable abstraction rates using the results
of the pumping tests, and developing a numerical model for the Matlala wellfield to investigate

different pumping scenarios for future water supply purposes.
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APPENDIX A

Geological Borehole Logs



BATHOLITH PROJECT: GEOLOGICAL LOG

Borehole number: G45524

Locality: Matlala Batholith (Matiala clinic)

Coordinates (degrees, minutes, seconds): Latitude: 23 44 29.8 Longitude: 29 03 31.0
Date drilled: 31/10/97

Blow yield: 1,0U/s

Tested yield: Not tested

EC measurement: 63,4 mS/m

Water strikes: 12m, 14m, 26m, 34m

Water-level: 10,14m

Geological Log Water-level Lithological description
and water strikes

v ??.:,///,)/X/% . Weathered Matlala Granite (almost a diorite)
10 'Q,v\"\"’v\g% &‘; Fractured Matlala Granite (almost a diorite)

20 -

30
40 4
50 4
50 - Solid Matlala Granite (almost a diorite)
70
80 ~

90

Depth below surface (metres)

100 -
110 1
120 -SEEEEEEEE

BOREHOLE CONSTRUCTION

DRILLED HOLE:

165mm diameter: 12m - 120m
200mm diameter: Om - 12m
250mm diameter: None

Total depth: 120m

CASING INSTALLED

Total length and diameter of innermost casing: 9m x 165mm
Length and diameter of other casing installed: None

Type of casing and wall thickness: Steel, 4mm

Length of plain innermost casing: 9m

Length of perforated casing: None

Location of perforations: None

Lenght and width of slots: None

Number of rows of slots: None



BATHOLITH PROJECT: GEOLOGICAL LOG

Borehole number: G45279

Locality: Matlala Batholith (Line 1)

Coordinates (degrees, minutes, seconds); Latitude: 23 45 49.5 Longitude; 28 57 16.4
Date drilled: 30/5/97

Blow yield: 1,0 I/s

Tested yield: Not tested

EC measurement: 511 mS/m

Water strikes: 18m to 21m

Water-level: 3,92m

Geological Log Water-level Lithological description
and water strikes

W?//////i Soil

10 ‘n/// Weathered red Matlala Granite
€
0,00

y <25 Fractured reddish Matlala Granite
30 LEEXK

40
50
60
70 A Solid reddish Matlala Granite
80
90 +

Depth below surface (metres)

100 -
110

120 -
EEE

BOREHOLE CONSTRUCTION

DRILLED HOLE:

165mm diameter: 24m - 126m
200mm diameter: Om - 24m
250mm diameter: None

Total depth: 126m

CASING INSTALLED

Total length and diameter of innermost casing: 18m x 165mm
Length and diameter of other casing installed: None

Type of casing and wall thickness: Steel, 4mm

Length of plain innermost casing: 18m

Length of perforated casing: None

Location of perforations: None

Lenght and width of slots: None

Number of rows of slots: None



BATHOLITH PROJECT: GEOLOGICAL LOG

Borehole number: G45185

Locality: Matlala Batholith (Line 6)

Coordinates (degrees, minutes, seconds): Latitude: 23 47 14.3 Longitude: 29 04 10.3
Date drilled: 5/8/97

Blow yield: < 0,1 I/s

Tested yield: Not tested

EC measurement: 59,9 mS/m

Water strikes: 39

Water-level: 5,54m

Geological Log Water-level Lithological description
and water strikes

0 i
10
20
30
40 c—
50
60
70
80
90

100
110
120
130
140
150 -

BOREHOLE CONSTRUCTION

%9 Soil and cla?( . .
g \Weathered leucocratic Gneiss

Fractured leucocratic Gneiss

Slightly fractured darkish Gneiss

Solid darkish Gneiss with varying
amounts of biotite and quartz

Depth below surface (metres)

DRILLED HOLE:

165mm diameter: 6m - 144m
200mm diameter: Om - 6m
250mm diameter: None
Total depth: 144m

CASING INSTALLED

Total length and diameter of innermost casing: 6m x 165mm
Length and diameter of other casing installed: None

Type of casing and wall thickness: Steel, 4mm

Length of plain innermost casing: 6m

Length of perforated casing: None

Location of perforations: None

Lenght and width of slots: None

Number of rows of slots: None



APPENDIX B

Borehole Information



Weathered zone Fractured zone Aquifer
UTM35X | UTM35Y Long Lat G No Borehole | Elevation : - : : : - -
(m) (m) (°E) °s) No (mamsl) | Topelevation [Bottom elevation | Thickness [Top elevation | Bottom elevation | Thickness Thickness

(mamsl) (mamsl) (m) (mamsl) (mamsl) (m) (m)
710867 7367786 29.0695 -23.7873 G45185 | HO04 1047 1230 1230 1224 6 1224 1190 34 40
711189 7367515 29.0727 -23.7897 G45186 HO04 1048 1225 1225 1210 15 1210 1135 75 90
710796 7367842 29.0688 -23.7868 G45187 HO04 1046 1238 1238 1229 1229
708926 7364679 29.0509 -23.8156 G45188 | HO04 0984 1268 1268 1259 1259 1218 41 50
708986 7364611 29.0515 -23.8162 G45189 HO04 1049 1271 1271 1262 1262 1191 71 80
708428 7364797 29.046 -23.8146 G45281 | HO04 0991 1265 1265 1255 10 1255 1233 22 32
708773 7364670 29.0494 -23.8157 G45282 HO04 0986 1262 1262 1227 35 1227 1192 35 70
708703 7364748 29.0487 -23.815 G45283 | HO04 0989 1259 1259 1240 19 1240 1186 54 73
709088 7364621 29.0525 -23.8161 G45284 1274 1274 1244 30 1244 1214 30 60
709574 7364403 29.0573 -23.818 G45285 | HO 40987 1291 1291 1238 53 1238 1191 47 100
708642 7364771 29.0481 -23.8148 G45286 HO04 0990 1291 1291 1273 18 1273 1236 37 55
708662 7364782 29.0483 -23.8147 G45287 1291 1291 1271 20 1271 1218 53 73
709006 7364611 29.0517 -23.8162 G45288 HO04 0985 1291 1291 1264 27 1264 1226 38 65
710534 7368056 29.0662 -23.7849 G45294 HO04 1044 1291 1291 1241 50
710313 7368237 29.064 -23.7833 G45295 HO04 0982 1291 1291 1270 21 1270 1256 14 35
710222 7368316 29.0631 -23.7826 G45296 HO04 0986 1291 1291 1279 12 1279 1256 23 35
710655 7367955 29.0674 -23.7858 G45297 HO04 1045 1291 1291
708866 7364757 29.0503 -23.8149 Matlalal | HO04-1457 1291 1291 1261 30 1261 1223 38 68
708966 7364623 29.0513 -23.8161 Matlala2 | H04-1049 1291 1291 1273 18 1273 1211 62 80
708864 7364657 29.0503 -23.8158 | Matlala3 | H04-0986 1291 1291 1256 35 1256 1221 35 70
708863 7364602 29.0503 -23.8163 | Matlala4 | H04-2281 1291 1291 1211 80
708951 7364324 29.0512 -23.8188 | Matlala5 | H04-2264 1291 1291 1275 16 1275 1211 64 80
708718 7364427 29.0489 -23.8179 | Matlala6 | H04-1459 1291 1291 1266 25 1266 1221 45 70
708627 7364461 29.048 -23.8176 | Matlala7 | H04-1456 1291 1291 1266 25 1266
708514 7364385 29.0469 -23.8183 | Matlala8 | H04-2280 1291 1291
708877 7364136 29.0505 -23.8205 | Matlala9 | H04-2265 1291 1291 1275 16 1275 1242 33 49
708792 7363905 29.0497 -23.8226 | Matlala 10 | H04-2266 1291 1291 1276 15 1276 1266 10 25
708830 7363727 29.0501 -23.8242 | Matlala 11 | H04-2267 1291 1291 1282 9 1282 1239 43 52
708739 7363773 29.0492 -23.8238 | Matlala 12 | H04-2268 1291 1291 1264 27 1264 1239 25 52
708275 7364788 29.0445 -23.8147 | Matlala 13 | H04-2277 1291 1291 1274 17 1274




Weathered zone Fractured zone Aquifer
UTM35X | UTM35Y Long Lat G No Borehole | Elevation Top elevati Bott levati Thick Top elevati Bott. levati Thick Thick
(m) (m) B °s) No (mamsl) p elevation ottom elevation ickness | Top elevation | Bottom elevation ickness ickness

(mamsl) (mamsl) (m) (mamsl) (mamsl) (m) (m)
708469 7364796 29.0464 -23.8146 | Matlala 14 | H04-2274 1291 1291
708487 7364674 29.0466 -23.8157 | Matlala 15 [ H04-2278 1291 1291 1276 15 1276 1184 92 107
708334 7364665 29.0451 -23.8158 | Matlala 16 [ H04-2275 1291 1291
708376 7364753 29.0455 -23.815 Matlala 17 | H04-2276 1291 1291 1262 29 1262 1181 81 110
708480 7364186 29.0466 -23.8201 | Matlala 18 | H04-2271 1291 1291 1255 36 1255 1214 41 7
708256 7364168 29.0444 -23.8203 | Matlala 19 | H04-2273 1291 1291 1259 32 1259 1211 48 80
708415 7363888 29.046 -23.8228 | Matlala 20 | H04-2269 1291 1291 1246 45 1246 1199 47 92
708273 7363946 29.0446 -23.8223 | Matlala 21 | H04-2270 1291 1291 1275 16 1275 1243 32 48
708671 7364704 | 29.0484 | -23.8154 | Matlala22 [ H04-0988 1291 1291 1269 22 1269 1219 50 72
708679 7365214 | 29.0484 | -23.8108 | Matlala 23 [ H04-1460 1291 1291
709071 7364876 | 29.0523 | -23.8138 | Matlala24 [ HO4-1461 1291 1291 1273 18 1273
707922 7365745 | 29.0409 | -23.8061 | Matlala25 [ H04-1458 1291 1291 1272 19 1272 1219 53 72




