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Abstract" 

The supply of water to 'disadvantaged' areas of KwaZulu-Natal has in the past received low 
priority. Local government is now faced with supplying water to large, sometimes dispersed, 
rural populations. Groundwater has been utilised informally as a water supply for some years, 
but the impetus provided by the Department of Water Affairs and Forestry""s White Paper has 
compelled those responsible for water supply to seriously consider groundwater as a 
sustainable option. 

The development potential or success of groundwater in its role as a reliable water supply is 
dependent on acceptance of the resource by the communities, appropriate level of service, yield 
sustainability and safe quality. Apart from the social aspects, the yield and groundwater quality 
characteristics of the aquifers under consideration must be used to determine the best 
hydrogeological features to target during exploration. A total of 993 borehole records, from a 
recellt government drought relief programme, were used to compare the yield, water quality 
and best geophysical exploration and drilling techniques of the main hydrolithologies in rural 
KwaZulu-Natai. -

The results of comparative analysis shows that the competent rocks of the Natal Group and 
Natal Metamorphic Province and the karstic Uloa Formation of the MaputalandQroup have 
the best overall potential for water supply. The unconsolidated sediments of the Maputaland 
Group also have good potential, but have some salinity problems. The Karoo Supergroup 
sediments and volcanics have moderate potentia!, with the argill~ceous rocks having the worst 
potential of the Karoo rocks. The contacts between the Ecca Group shales and sandstone have 
the best potential of the Karoo Supergroup sedimentary hydrolithologies. Fractures clearly 
enhance the groundwater potential of most hydrolithologies, with fractured Dwyka_ Group 
tillites rated as having one of the best development potentials of all the hydrogeological targets 
in KwaZulu-Natal, despite the hydrolithology's poor water-bearing characteristics. 

Dolerite contacts with sedimentary rocks are commonly targeted features in groundwater 
development. However, the results from this research showed that,apart from the Natal 
Group's contact with dolerite, these targets have poor development potential. In general, 
contacts between different hydro lithologies 

Health related quality was found to be adversely affected in argillaceous hydrolitholQgies, such 
as the majority of Karoo rocks which had high levels of sodium and chloride and Natal 
Metamorphic Province schists which had elevated sodium, chloride and fluoride. Crystalline 
and arenaceous hydrolithologies generally exhibited good quality groundwater. 

A comparison between the different geophysical methods for each target feature indicates that 
there are appropriate methods to use to detect anomalies related to water-bearing features. The 
large number of dry boreholes drilled in locations with recorded geophysical anomalies can be 
either a function of the water-bearing characteristics of the formation, human error or 
background noise. The cost of using the different geophysical methods vary considerably. The 
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order of increasing cost is magnetics, VLF, EM-34, electrical resistivity profiling followed by 
vertical electrical sounding. 

Drilling has a large influence on the development potential of certain aquifers due to the high 
costs involved. Most.of the secondary aquifers, ,,:,ill require percussion drilling which is the 
cheapest method of drilling commonly used. Some very unstable formations within fractured 
or highly weathered rock may need ODEX drilling to enable drilling to advance. ODEX 
drilling in these conditions is very costly and can double the cost of drilling compared to air 
percussion. The unconsolidated sediments of the Maputaland Group can only be drilled by mud 
rotary or ODEX techniques. The relative costs of these two methods are

r 

very similar with 
ODEX being slightly cheaper. Because of the high expense of drilling in the sands it is 
recommended that alternative sources, possibly from shallow hand-dug wells, be considered as 
appropriate methods of accessing groundwater. 

The aspects of groundwater yield and quality of aquifers, appropriate geophysical siting and 
drilling methods, together with social considerations will all contribute to the success of 
groundwater development in rural KwaZulu-Natal. 
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1. INTRODUCTION 

1.1. Rural water supply 

Water is one of the most vital elements required for human survival. For centuries people in 

rural and urban areas have tried to ensure that they have enough water to sustain their well 

being. Traditional sources of water are rivers, ephemeral and perennial springs, -hand-dug wells 

and in more recent times boreholes. The President of South Africa, Nelson Mandela, recalls in 

his autobiography how "water used for farming, cooking and washing had to be fetched in 

buckets from streams and springs" when he was growing up in the Transkei (Mandela, 1995). 

The aims of rural water supply are to improve access to and reliability of water, improve 

avail~ble water quality and quantity, and increase access to sanitation. These aims should 

ultimately lead to social, health and economic benefits, and therefore ensure improved quality 

of life. The supply of safe water is an essential basic huinarr~ight. Once water has been 

supplied, people can then aspire to higher levels of service as their income levels incre.ase~ 

The White Paper on Water Supply and Sanitation Policy (Department of Water Affairs and 
-

Forestry, 1994) has clearly set out the objectives of the Department of Water Affairs and 

Forestry (DWAF) with regards to water supply. Basic water supply is defined in the White 

Paper as a minimum of 25 litres of water per person per day, at a maximum distance of 200 

metres, with a regular, daily flow rate of not less than 0.17 lis and of a' quality in accordance 

with minimum standards with respect to health related chemical and microbiological 

contaminants. To achieve water security, the White Paper states that the water supply should 

not fail more than once in fifty years due to drought and a maximum of one week's interruption 
-' 

in supply per year for the purpose of operation and maintenance is allowed. 

It has been recognised that the traditional technical and engineering approach to rural water 

supply will not succeed (Umgeni Water, 1994). The DWAF's White Paper (1994) has set as 

one of its policy principles that development should be demand driven and community based. 

This implies that the community must take part in the planning, implementation and 

maintenance processes and take on specific responsibilities. In the past, the transfer of 

resources and commodities to recipients, where the community was passive in its acceptance 
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and gratitude, was considered efficient water supply (Rampine, 1995). The new approach, 

adopted presently, is that the community is enabled independently to take action, by way of 

democratic processes _ involving decision making, plaBIling and implementation of development 

projects. 

Workers active in rural water supply have identified various steps, encomp~~sil1g a wide range 

of fields, which are essential in planning a rural water supply scheme (Murray et at., 1995). 

Firstly, a water committee or similar structure needs to be established. Following on from this, 

the community requirements, in terms of level of service and usage, must form the basis of the 

scheme. The scheme would then be designed to meet present and future water demands, based 

on demographics. Possible sources of water, taking into account existing water sources and 

regional water supply plans, should -be identified. The infrastructural technology required 

would then be examined to ensure that the appropriate system is designed to result in success of 

the scheme. Following another White Paper principle that ~theyser pays (DWAF, 1994), the 

scheme should be assessed in terms of the community's willingness and ability to pay for its 

operation and maintenance. The proposed scheme should then be put before the community for 

their final approval before funding is obtained and implementation commences. 

The above processes all require a variety of skills, other than engineering science. This 

demonstrates the multi-faceted approach needed within the scope of rural water supply.-Above 

all, it must be realised that first world standards are not necessarily going to succeed in third 

world situations. Nkulu (1985, p485) states that: 

"Traditionalism is still very strong. As a result, people in these countries (referring to 
Africa and less developed countries) still harbour values, norms and attitudes that are 
not consistent with rational behaviour in a modern economic sense. The question of 
human value6 and attitudes which is determined by culture and religion .... is a very 
serious matter that no analyst can afford to ignore." 

The professionals working in rural water supply must understand that the concept of 

community participation is not a new one in rural communities, as all decisions, which are 

based on and influenced by beliefs in gods and spirits, laws, rules and customs have always 

been taken communally with the Chief and his councillors acting as final arbitrators (Rampine, 

1995). Thus, it is the knowledge and understanding of these issues which can often be of 

greater importance than the actual technical aspects of rural water supply. 
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1.2. Rural areas of KwaZulu-Natal 

For the purposes of this thesis it is important to define the term 'rural' of which there are two 

main views on its definition. The first, and most common, definition is those areas which are ., 
outside the juristriction of a local authority. The second definition delineates areas of 

agricultural activities as 'rural' and is therefore less likely to apply to many areas of KwaZulu­

Natal. Various documents have been examined to determine the general viewpDint of the term 

'rural', in South Africa. 

A discussion document of the Ministry in the Office of the President (1995) acknowledges that 

there is no legal definition or formally accepted definition of 'rural' in use. A suggested interim 

definition is given as: 
<-

"those areas that have the lowest level of services, and the greatest average distance to the 
nearest service points. They include large scale farming areas, much - but not all - of the ex­
bantustan areas, the small municipalities with little potential to raise taxes sufficient to meet the 
costs of services. Peri-urban squatter camps, being tied to tbe ~onomies of contiguous urban 
areas, do not count as rural, except in the context of sometimes being part of rural 
municipalities. " 

A report written for the KwaZulu-Natal Department of Economic Affairs and Tourism and the 

Development Bank of Southern Africa giving an'Q-Yerview of urbttnisation, and rural trends and 

processes within KwaZulu-Natal, puts forward a different view of 'rural' areas (Seneque, Smit 

& Maughan-Brown, 1995). Here the emphasis is not on defining 'rural' and treating-it as a 

discrete category but rather treating rural and urban as non-separate and interdependent entities. 

One of their main arguments for not defining rural and urban is due to the rapidly urbanising 

population with informal settlements that are functionally linked to formal towns and cities. 

The traditional use of 'rural', as being areas which are mostly engaged in agricultural activities 

does also not hold-- for KwaZulu-Natal, as in m?st supposedly rural areas, agriculture 

contributes very little to household income (Seneque, Smit & Maughan-Brown, 1995). 

Seneque, Smit & Maughan-Brown thus suggest that rural and urban be viewed as the extremes 

of a continuum. 

For the purposes of this thesis, 'rural' will be defined as areas which have undeveloped 

infrastructure and services, i.e. outside of local authority boundaries. 'Rural' can then be further 

divided into 'disadvantaged' rural and 'advantaged' rural. 'Disadvantaged' rural are those 
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traditionally 'black' areas which constituted mostly the former KwaZulu districts and Trust 

land within former Natal. 'Advantaged' rural are the areas owned by white farmers, who in the 

past have benefited from government subsidies an<i usually have some type of established 

infrastructure. This thesis will focus on the 'disadvantaged' rural areas which are in serious 

need of upliftment in order to bridge the standard of living gap in the province. 

As explained before, it has been difficult to arrive at a definition of 'rural' for the purpose of 

rural water supply. Many sources of information and data have been examined to enable the 

best spatial description of rural areas in KwaZulu-Natal to be depicted in this thesis. During 

1995, Transitional Local Councils had been established within the province prior to Local 

Community Elections. These areas are not regarded as 'rural' due to the fact that they are 

serviced and are the responsibility of~the Transitional Local Councils. Once these relatively 

densely populated urban areas, making up 4% ofKwaZulu-Natal, have been excluded, the rest 

of the province can loosely be termed rural. Another type of an~a which can also be excluded 

from the topic of this thesis, is that of nature or game reserves. Some 11 % of K waZulu-Natal is 
~> ' 

made up of these proclaimed reserves, which for the most part comprise Natal Parks Board and 

K waZulu reserves. In these reserves, water supply to a majority tourist population, is the 

responsibility of the owner or curator of the park.~, 

The Survey Services of the KwaZulu-Natal Provincial Administration, have for the past few 

years been surveying the tribal areas of the province. The maps which they produced have been 

used for the planning of the 1996 Local Community Elections in KwaZulu-Natal. The tribal 

areas coincide roughly with the previous KwaZulu districts, with the inclusion of some 

additional peripheral areas. The coverage generated from these data and the former Transkei 

enclave, taking up 39% of KwaZulu-Natal, have been used to depict 'disadvantaged' rural 

areas. The remaining areas can be classed as the 'advantaged' rural areas which fall outside the 

scope of this study. A summary of the simplified land usage is illustrated in Figure 1. 
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1.3. Status of rural water supply in KwaZulu-Natal 

The supply of domestic water to rural communities in KwaZulu-Natal has in the past received 
.- " 

low priority, as development of water sourceg has concentrated more on supporting the 

progress of the country's wealthy sector than with upgrading the rural areas. Only in the past six 

years has there been interest in rural development (pers. comm. The Umvula Trust, 1995). 

KwaZulu-Natal comprises the scattered former homelands of KwaZulu and the former 

province of Natal. Former KwaZulu consisted of 26 KwaZulu districts, whose upkeep and 

service provision was the responsibility of the K waZulu government through its various 

departments. The role of fulfilling water supply was entrusted to both the K waZulu Department 

of Works and the Department of Agriculture and Forestry. Up until 1993, over 2550 boreholes 

had been drilled by these two departments throughout KwaZulu (Groundwater Consulting 

Services, 1993). Other contributors have been the Joint Services Boards (JSB), Umgeni Water 

and various non-governmental organisations (NGO's) ~suc1i as the KwaZulu Water 

Development Fund, Valley Trust and World Vision Funding (Wiseman and Eberhard,'1988). 
- >,.' •• -

Donor funding has often been supplied by the Interdependent Development Trust, Umvula 

Trust, some international funders and loan financing through K waZulu Finance Corporation 
-" 

and the Development Bank of Southern Africa. 

Government drought relief, or crisis intervention, programmes in the province have mainly 

concentrated on drilling boreholes equipped with handpumps to provide emergency water 

supplies to rural communities. The DWAF's definition of drought relief, or crisis intervention, 

is the assistance provided in terms of water provision for domestic consumption to 

communities where their normal sources have become depleted due to drought (pers. comm. 
-' 

Quilling, 1996). This action also includes the maintenance, upgrading and repair o! existing 

sources. It is acknowledged that the process of crisis intervention, due to its emergency nature, 

is not a necessarily sustainable action, however, it is deemed necessary in order to prevent loss 

of human life. Table 1 summarises the activities of borehole drilling in KwaZulu-Natai. Some 

of the information from the table is not available; this is a reflection of the various 

organisations' lack of knowledge or control over borehole drilling programmes undertaken. 
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What Table 1 does show is that there has been some reliance on groundwater in the past and a 

definite trend towards developing it on a more regular basis . 

. - " 
-, 

Table 1. Summary of major borehole drilling activities in rural areas of KwaZulu-Natal. 

ORGANISATION .PERIOD·· TYPE OF PROJECT. COST NUMBER NUMBER OF 
ROOO's OF BOREHOLES 

PEOPLE ; 

--- --- SERVED·: 
Port 
NatallEbhodwe JSB 1993 - 1995 schools and communities 1500 555760 not available 
Natal Midlands JSB 1991 - 1995 drought relief in 

K waZulu districts 249 
(includes borehole, 3064 not available not available 
springs and 
infrastructure) 1500 
schools and communities 

Zululand JSB not available not available 633 
ThukelaJSB 1994 -1995 drought relief and not available not available 156 

communities . 

Southern Natal JSB have drilled in conjunction with KwaZulu Department of Agriculture 
KwaZulu schools, clinics and ~ drilling was undertaken by KwaZulu. 
Department of 1993 - 1995 police stations Department of Agriculture and Forestry 
Works -.-
KwaZulu '--

Department of ? - 1995 for agricultural purposes not available not available 5204 
Agriculture and and communities 
Forestry 
Department of .. -
Water Affairs & 1993 - 1996 drought relief 2500 not available 1422 
Forestry 
Umgeni Water 1995 communities not available 171500 -- 196 

Sugar Association 1981 - 1984 drought relief not available no data 425 
of South Africa 1 

1.4. Use of groundwater as a resource 

Groundwater is just one of many potential sources of water available to rural communities 

(Alcock, 1989). However, the use of groundwater is highlighted by its generally available 

nature, ability to yield even in drought situations and its relatively good quality. Other benefits 

from using groundwater are that evaporation losses are minimised and that the development of 

groundwater is not subjected to high capital expenditure as it can be phased in as required 

(Hodgson, 1995). Groundwater sources are any sources of water that emanate from the 

subsurface environment and therefore also include springs. 
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As is well known, surface water suffers from high losses due to evaporation, sedimentation of 

storage reservoirs and vulnerability to pollution. In many K waZulu-Natal river catchments, the 

water quality is generally good in the upper catchments but becomes progressively poorer . ... 

lower down in the catchment (Umgeni Water,1994). Pollution of rivers is mostly related to 

population density, with E. Coli often used as an indicator of human pollution. 

Groundwater, like other water sources, does have its limitations depending on topography, 

water quality and availability. As a result of communities mainly living on hill tops in 

KwaZulu-Natal and aquifers often occurring in valleys, a number of problems are frequently 

encountered (Plate 1). The first problem is getting access for the drilling rig, and secondly, in 

transporting water out of the valleys to the point of demand. Another limitation is that some 

rock types and unconsolidated sediments in KwaZulu-Natal have yielded poor, to undrinkable, 

quality water. This poor quality is not because of pollution but rather from inherent chemical 

properties of the host rock or sediments. As is the case in other parts of the world, availability 

of groundwater will always be a problem in some areas ~f KwaZulu-Natal where suitable 

aquifers are not present. Furthermore, groundwater, of the required quantity, cannot,always be 

found at or near the point of demand. This factor is not a major technical drawback, and can be 

overcome by reticulation from a more suitable aquifer, as is mostly the case in surface water 
... -

development. 

Often groundwater needs to be utilised in conjunction with surface water sources, such as 

dams, rivers and rainwater harvesting. This option usually optimises the' cost and effectiveness 

of both surface and groundwater. The fact that groundwater comparatively has been found to 

cost half that of surface water, makes it an attractive option overall (Johnstone, 1994). In 

general, all the above factors promote the potential use of groundwater by rural communities, 

where it will be more economical than surface water schemes provided that a suitable flquifer is 

within reach of the community. 

1.5. Past problems 

Existing records show that there has been considerable borehole drilling activity over the past 

few years. However, up until the KwaZulu-Natal Groundwater Mapping Project (Orpen, et at., 
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1995) there had been very little hydrogeological interpretat ion carried out in the province. This 

project init iated by the DWAF had the objecti ves of populating the Nat ional Groundwater Data 

Base (NGDB) with groundwater dala. increas ing our understanding of KwaZulu-Nata l's 

hydrogeology and ultimately contributing to the p'r<?clubion of two 1 : 500000 hydrogeological 

map sheets (Durban and Vryheid), which foml part of a national series (DWAF, 1992). 

Plate 1. Typical rural landscape in south central KwaZulu-Natal showing scattered 
homes mostly on hill tops and slopes. 

Due to the previous lack of hydrogeological knowledge, there has been no real understanding 

of the potential use of groundwater in a regional contex l. Obvious problems and limitations of 

ground water use, have historically been related to availabi lity, reli abi lity and quality. These 

types of problems should be largely resolved by actions such as the product ion of the 

hydrogeological maps. awareness regarding the transfer of hydrogeological information to the 

NGDB and the involvement of hydrogeologists in groundwater development. 

Other problems contributing to the somet imes disappointing groundwater yields have been due 

to a lack of expertise in the form of professional groundwater practit ioners in the province. This 

has often led 10 inappropriate investigation. interpretation and implementation. each of which 

can result in fai lure of the potential groundwater supply scheme. An example of this lype of 
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failure can be given as use of the incorrect geophysical method in a particular geological 

environment. This could be a result of the hydro geologist lacking experience in the area or 

because his or her type of geophysical equipment is limited. These types of errors can lead to . " 
an unfavourable impression of the potential use 0f groundwater. Developers of groundwater 

have previously been disappointed by the low yield and poor quality of boreholes in certain 

areas. A lack of research and documentation of hydrogeological data on the properties of 

K waZulu-Natal aquifers can be given for this poor understanding. 

Apart from the technical problems encountered during source development, a large number of 

boreholes and springs have failed due to lack of maintenance and overuse through population 

growth or drought. More important, however, is the lack of ownership of the infrastructure 

which in turn leads to a lack of responsibility and sometimes abuse of the facility. As a worst 

case scenario, it is reported that approximately 40 boreholes in KwaZulu-Natal are in need of 

maintenance per week during periods of drought (pers. comm. Quilling, 1996). 

A further problem, related to water quality deterioration, has been the lack of edl!Gation in 

terms of groundwater use and protection in rural communities. Much pollution of groundwater 

could be curtailed or prevented if the communities understood some basic groundwater 

concepts and were able to recognise potentially negative impacts on their water source. Plate 2 

and Plate 3 illustrate some of the typical problems associated with lack of groun~'Yater 

pollution awareness. 

1.6. Challenges 

All the problems addressed in the previous section are challenges facing practitioners in rural 

water supply. These "challenges can be divided into physical, technical and social. Physical 

challenges are the identification of geological formations and their target of best groundwater 

potential, with respect to quality and quantity. These sources would then need to be developed 

in a manner that satisfies the requirements of the White Paper (DWAF, 1994) and that is both 

sustainable and environmentally acceptable. Where groundwater is not feasible, alternative 

sources or effective treatment would need to be examined. 
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Technical challenges involve appropriate technology being utilised in rural areas for the best 

chance of success. This could be achieved by guidelines suggesting the best groundwater 

exploration and drilling methods to use in the various geological environments of KwaZulu­

Natal. Monitoring of groundwater quality and water l!!vels would also increase our knowledge . -
of groundwater conditions over lime. 

The social challenge facing groundwater developers encompasses the ~mpowerment of 

communities through training and capacity building, the establishment of water communities 

and reporting structures, to ensure self sufficiency. 

Plate 2. Ponding of spilt groundwater around the bore head is a common problem in 
KwaZulu-Natal. increasing the probability or contaminated groundwater. 

II 
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Plate 3. UndcJ'mining of the concrete block increases the risk of surface water 
contaminating the groundwater from which the borehole is drawing. 
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2. AIMS AND OBJECTIVES 

The primary objective of this thesis is to evaluate the development potential of K waZulu-Natal 
.- " 

aquifers in 'disadvantaged' rural areas for water supply. The problems identified in the 

previous chapter, such as the lack of hydrogeological information and knowledge, 

inappropriate groundwater exploration techniques and the importance of social awareness, are 

the major points which need to be addressed. 

In order to put the rural areas into perspective, an overall description of KwaZulu-Natal is 

given in Chapter 3. This chapter aims to provide a picture of the physical features of the 

province that affect the occurrence of and demand for groundwater. The descriptions made of 

each physical attribute, such as geology, soils or demography, are done so for the entire 

province and not just for rural areas. The reason for this is that the rural areas form an integral 

part of the province and therefore cannot be isolated. 

A chapter on the principles of hydrogeology is given to provide background hydro,geological 

understanding into the concepts which follow in other chapters. Theory on the occurrence, 

movement and chemistry of groundwater are of particular importance in this thesis. Further 

theory, in the form of groundwater resource evaluation covers aspects such as exploration, 

groundwater development and evaluation. These are aspects which have great impoTt:.ance, 

since the success of groundwater schemes depends primarily on their results. Boreholes and 

wells are the sources examined in this chapter. 

Apart from technical and physical aspects, social factors are addressed in order to highlight the 

importance of community acceptance and participation to achieve success in groundwater .. 
development. Unfortunately, this thesis does not devote many pages to the social aspect of rural 

water supply, but it does point out the need for involving social professionals who can 

communicate and relate to the communities where the technical professional cannot. 

The source of data used in the analysis carried out in this thesis is described and discussed in 

Chapter 7. A database was created to house all the data captured. Chapter 8 explains the 
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methodology applied in data analysis. The two methods of analysis used are graphical methods 

for comparative purposes and the geographical information systems used for spatial analysis. 

In order to fulfil the ~bjective of this thesis, fi;stly, the physical nature of the aquifers to be 

dealt with needs to be addressed. This aspect is covered in the chapter dealing with the 

hydrogeology of KwaZulu-Natal aquifers. In an effort to gain new insight into their 
- ~ -

hydrogeology, the aquifers have been separated by means of the different target features 

occurring within each rock type. For example, in the Natal Group sandstone, analysis is carried 

out on individual target features, such as fractures and the contact with underlying granites, 

instead of analysing them as a whole. The distinction between the different target features has 

been made in order to illustrate their different yield and chemical characteristics. Previous 

hydrogeological characterisation has not taken such details into account and has been more 

generalised by lithology (DWAF, 1992). The ,malysiscarried out in this thesis presents a 

comparison of the different aquifers and makes recommen~atiol1s "on their relative rating or 

potential as sources of groundwater for KwaZulu-Natal rural water supply. 

Also within Chapter 9, comparative analyses into the different types of geophysical methods 

and their relative successes are made. The aim oUhis section is tQ. address the past problems of 

inappropriate geophysical methods being used in certain lithologies. This type of analysis is 

probably one of the first attempts in comparing the successes of different geophysical methods 

and the recommendations made should be viewed with some circumspection. A better method 

of evaluating each method would be to carry out a number of traverses, using different 

geophysical methods, over the same target feature to identify optimal drilling sites from each 

method. Boreholes could then be drilled at each site and a comparison of the resultant yields 

made. Unfortunately,)his type of study was not within the scope of this thesis, but instead use 

was made of similar target features traversed by the ~arious geophysical methods to obtain the 

comparisons. 

To finally be able to rate the development potential of each aquifer, the type of drilling 

required, which is dependent on the lithology, and thus the relative cost, is made. The relative 

cost of exploiting each aquifer type is determined primarily by the drilling cost, due to the fact 

that drilling is the greatest expense in groundwater development. It is the yield and quality of 
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water from aquifers, the use of appropriate and cost effective geophysical siting and drilling 

methods, together with the recognition for the need of active social inputs, which will 

contribute to the success of groundwater development.jn KwaZulu-Natal. 
-:, . 
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3. STUDY AREA - KWAZULU-NATAL 

A description of physical aspects which have an effect on the likely distribution, occurrence 

and use of groundwater as a water source in Kw~Zulu-Natal, is given in this chapter in order to 

place the topic of groundwater development in context for the remainder of this thesis. Rural 

areas are not specifically described, but they are delineated on the theme maps portraying the 

various aspects of KwaZulu-Natal. The whole province is covered in this chapter because most 

of the features form part of the overall character of KwaZulu-Natal and therefore cannot be 

described in isolation. 

3.1. Geology 

Therural areas in KwaZulu-Natal contain rocks representing the entire stratigraphic succession 

of the province. It is for this reason that the stratigraphy of KwaZulu-Natal, as a whole, is 

described in order from the oldest to the youngest rocks - (Figure 2). An emphasis on the 

lithology and formational environment of each rock type is made as these are, together with 
- ,,"-" 

geological structures, the most relevant characteristics in terms of hydrogeology. 

3.1.1. Barberton Sequence 

The oldest rocks in KwaZulu-Natal, forming part of the Kaapvaal craton, are of Swazian age 

and are represented, only in the north of the province, by the Nondweni Group and Empangeni 

Metamorphic Suite of the Barberton Sequence and its intrusive granites (Figure 3). The 

lithology of the Barberton Sequence is described below in Table 2 and Table 3. 

The Empangeni Metamorphic Suite and Nondweni Group appear to be of similar age. They 

have both been intruded by pre-Pongola granitic gneiss, but have differences in lithology and 

degree of metamorphism (Linstrom, 1987a). Although the relationship between the Empangeni 

Metamorphic Suite and Nondweni Group is unclear, it is thought that within the Empangeni 

Metamorphic Suite, the Ngweni Formation is the retrograde equivalent of the Lubana 

Formation (Charlesworth, 1981). The lithology of the intrusive granitic gneisses and granite 

forming part of the basement complex is described in Table 4. 
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Figure 2. Simplified KwaZulu-Natal stratigraphy. 
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Table 2. Nondweni Group lithology - in order of increasing age (Linstrom 1987a) , . 
FORMATION LITHOLOGY ,,- :PRbCESSES 

Ultramafic intrusions serpentinite intrusive 
Mhlatuze interbedded schistose basic .... lava shearing, recrystallisation and 

-;, s 

and sediments some basic lava has been 
altered to greenschist due to 
granitic gneiss intrusions 

Nkandla quartzite, schist, phyllite, banded low-grade regional and 
chert, conglomerate dynamic met~m1orphism 

Table 3. Empangeni Metamorphic Suite lithology - in order of increasing age (Linstrom, 
1987a). 

FORMATION LITHOLOGY PROCESSES 
Ngweni amphibolitic rocks retrograde metamorphism, 

from very high-grade to high-
grade 

Lubana melanocratic granoblastite two phases of deformation, 
interbanded with gneiss, high grade metamorphism 
orthopyroxenite and gnmolite - '-

o· 

Table 4. Intrusive granitic gneisses and granite (Linstrom, 1987a). 

FORMATIQN , LITHOLOGY PROCESSES 
granitic gneiss well-foliated or banded; fine- to .-mtrusive 

medium-grained leucocratic rock 
granite grey, coarse-grained, massive to intrusive, retrograde . - -

slightly foliated granite metamorphism, from very 
high-grade to high-grade 

3.1.2. Pongola Supergroup 

The Pongola Supergroup is thought to have developed on a stable continental crust segment. .. 
These rocks show evidence of epicratonic volcanism-and sedimentation during a period when 

greenstone-type rock sequences were dominant elsewhere (Gold, 1995). 
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The Pongola Supergroup rocks, found in northern KwaZulu-Natal (Figure 3), can be divided 

into the lower volcano-sedimentary Nsuze Group, with three sedimentary successions and two 

volcanic sequences (Table 5) and the upper, mostly'- cl"astic Mozaan Group (Table 6). The 

Pongola Supergroup fies unconformably above the basement granites below it. A period of 

tilting and erosion, after emplacement of the Nsuze Group and prior to the deposition of the 

Mozaan Group, has resulted in an unconformity between the two groups (Linstrom, 1987b). 

Table 5. The Nsuze Group lithology - in order of increasing age (Gold. 1995). 
FORMATION' LITHOLOGY. 

Ozwana transition to Mozaan sedimentation, comprising tuffs, black 
sandstones, breccias and banded siltstones 

Bivane similar to Nhlebela Formation, includes dacites and rhyolites 
Thembeni quartzites, quartz-wackes, diamictites, shales and dolomites 
Nhlebela basalts, basaltic andesites, andesites 

. Mantonga quartz-wackes, conglomerates, diamictites, shales and 
palaeoregolith -

The Mozaan Group is almost entirely sedimentary, but does contain two volcanic seq~ences 

near the top of the succession as is shown in Table 6. 

Table 6. The Mozaan Group lithology - iItorder of increasing age (Gold. 1995). 
," FORMATION LITHOLOGY ;i , --::. ... 

Nkoneni two arenaceous successions separated by a volcanic unit 
. - -

Odwaleni interbedded sandstone, mudstone, ferruginous mudstone, 
diamictite and basalt 

Hlashana sandstone and siltstone, upward coarsening' 
Thalu sandstones, mudstones, ferruginous mudstone and banded 

iron-formation 
Ntombe ferruginous and non-ferruginous mudstones and siltstones 
Sinqeni two major sandstone units separated by iron-formation 

Prior to the tectonic and metamorphic effects on the Nsuze Group, several episodes of intrusion 

by ultramafic dykes, diabase sills and dykes, porphyritic dykes and syenite occurred. The 

lithologies of these intrusives are described in Table 7. 
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Table 7. Post-Pongola intrusions and lithologies (Linstrom 1987b) , . 
FORMATION ~ ~, LITHOLOGY PROCESSES 
Hlagothi Suite peridotite, gabbro and, dlorhe sills differentiated, intrusive 

syenite dark green syenite intrusive 
diabase greenish diabase dykes low-grade metamorphism 

3.1.3. Natal Metamorphic Province 

The Namaqua-Natal Metamorphic Province forms part of the global high-grade tectonic 

Mesoproterozoic Orogeny, which in South Africa stretches from southern Namibia through 

Namaqualand and eastwards, under Phanerozoic cover to KwaZulu-Natal. Matthews (1972) 

was the first worker to recognise that the northern Natal Metamorphic Province rocks 

represented the margin of a continental plate that was deformed in an environment above a 

subduction zone, as the leading edge of the plate moved into ~ the collision zone with the 

Kaapvaal craton. Subsequently, he identified four major east-west trending zones: a northern 

frontal zone, a migmatite and granite-gneiss zone, a granitic zone and a southern granulite zone 

based on distinct differences in lithology, structure and metamorphism (Hunter, 1981). The 

latest model for the Natal Metamorphic Province as derived by Thomas et al. (1994) submit 

that the Namaqua-Natal cycle, in KwaZulu-Natal, began with volcanic arcs on juvenile oceanic 
~~ -, ~ 

crust. Subsequent subduction and closure of the Tugela Ocean, north of present day Richard's 

Bay, led to accretion of the volcanic arcs onto the Kaapvaal Craton and obduction of the Tl:lgela 

ophiolite. 

Thomas et al. (1994) further state that the Natal Metamorphic Provincecan be delineated as 

comprising three discontinuity-bounded tectonostratigraphic terranes which acquired a 

structural fabric durin2 the -1100Ma Kilbaran tectonic event. From north to south, the terranes 

are known as the Tugela, Mzumbe and Margate Terranes (Table 8). 

Northeast-directed thrusting and nappe emplacement during the closure of the Tugela Ocean, 

by the three accreting terranes, resulted in an inverse metamorphic stacking across the belt, 

with granulite grade rocks occurring in the southern Margate Terrane. The Mzumbe and 

Margate Terranes were then deformed by numerous SE- to SSE-trending sinistral transcurrent 

shear zones and mylonite belts (Thomas et al., 1994). 
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Table 8 Lithology and origin of the Natal Metamorphic Province (Thomas 1995) . • 
TERRANE LITHOLOGY INTERPRETED AS 

Tuge/a early layered mafic metavolcanic rOcICs , . ophiolite complex which was 
(volcanic arcs) intruded by plagiogranites, obducted northwards onto the 
mafic-ultramafic complexes, serpent inite Kaapvaal Craton as four major 
and alkaline to peralkaline granitoids nat-lying thrust nappes 

Mzumbe arc-related, felsic to mafic metavolcanic growth of volcanic-arc(s) 
and supracrustal gneisses with subord inate associated wi th the subduction of 

Margate metasediments the Tugela Ocean, partial melting 
of the supracrustal sequences 

Figure 4 shows (he distribution of the Natal Metamorphic Province, As can be appreciated. the 

detailed geology of the Natal Metamorphic Province is complex: however it generally 

comprises granite, granitic gneiss, gneiss, calc-si licate rocks. granulite, chamockite, 

amphibolite. serpeminite, marble and diorite. The landscape in the granite-gneiss lithology is 

characterised by domed exposures as depicted in Plate 4, 

Plate 4, Typical landscape associated with Natal Metamorphic Pro"ince in southern 
KwaZulu-Natal. 
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3.1.4. Natal Group and Msikaba Formation 

Previously the Natal Group was thought to extend throughout KwaZulu-Natal and was 

regarded as the lateral equivalent of the Cape ·Sapergroup. Recently, through K-Ar and 

40 Arl39 Ar isotopic data, it has been confirmed~h~t the pale grey marine quartz fossiliferous 

arenites south of Hibberdene are of Devonian age, while the unfossiliferous fluviatile reddish 

sandstones covering the rest of the province are Ordovician in age (Thoma~ ~e(.at., 1992). The 

southern grey rocks have been named the Msikaba Formation (Marshall, 1995) and are likely 

to be equivalents of the Witteberg Group. The reddish rocks will retain their Natal Group 

status. 

The Natal Group unconformably overlies basement rocks, from which it derived its sediments. 

Uplift and erosion, followed by the formation of the foreland graben, associated with the Pan 

African orogenic event in Mozambique led to the deposition of the Natal Group into a foreland 

graben, the Natal trough, during continued subsidence (Marshall,J995). The axial gradient of 

the trough was to the south-southwest. The conglomerates were deposited through fluvial 

activity and debris flow, whereas the arenaceous and argillaceous sediments~ were'probably 

deposited by Platte and Bijou Creek type braided rivers (Marshall, 1995). 

The Natal Group's distribution through KwaZulu-Natal is from Hlabisa in the north to just 

south of Hibberdene (Figure 5). This southern boundary coincides with the Dwesllhula 

Basement High reported by Thomas et at. (1992) with quartz arenites outcropping to the south 

and red-beds to the north. 

South of the Tugela thrust belt the Natal Group rests non-conformably on rocks of the Natal 

Metamorphic Province. To the north, the Archaean rocks of the Kaapvaal craton underlie the 

Natal Group. North of Durban, the Natal Group lies in two sub-parallel belts separated by 

outcrops of basement rocks. The western belt rocks lie horizontally whereas the eastern belt has 

a slight eastwards dip, related to the break up of Gondwana (Marshall, 1995). 

24 



Free State 

28°5 

29 

LESOTHO 

30°5 

Eastern Cape 

31°5 

E 

t;,;·;t·\l rural areas 

D Natal Group 

Msikaba Formation 

Mpumalanga 

I 

/ 

I 

30 0 E 31°E 

SWAZILAND 

o 10 ?O 
100 100 ! 

1 1860000 
' 0 '" ! ! 

32 °E 

Source of data: 

60 100 km 
! I 

1 : 250 000 Geological Maps 

Date: 
12 October 1996 

Projection: 

33°E 

Lamberts. Central Meridian 31 degrees east 

DISTRIBUTION OF THE 
NATAL GROUP AND MSIKABA 
FORMATION IN KWAZU LU-NATAL 

Figure 5 



--The predominantly reddish-brown, arenaceous component of the Natal Group consists o f 

coarse· to very coarse-grained sandstone with subordinate granule-conglomerate. The coarse­

gra ined rocks are poorly-soned and immalure. The arenaceous rocks are somelimes 

interbedded with arg illaceous and rudaceous units '(Plale 5). The detailed stratigraphy of the . . 
Natal Group as proposed by Marshall (in prep.) is given in Table 9. 

Plate 5. Outcrop of Natal Group sandstone in a road cutting with some darker 
a rgill aceous ho rizons. 

Table 9. Stratigraphic subdivision of the Natal Group - in order of increasing age 
(Marshall in prep) , . . 

FORMATION MEMBER DOMlNANT LITHO LOGY 

Marianhill Westville matrix-supported conglomerate 

Newspaper arkosic sandstone 

. Tulini small-pebble conglomerate 

Durban Dassenhoek silici fied quartz-arenile 

Situndu coarse arkosic sandstone 

Kranskloof silicified quanz-areni le 

Eshowe arkosic sandslOne and shale 

Ulundi coarse clast-supponed conglomerate 
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3.1.5. Karoo Supergroup 

The sediments of the Karoo Supergroup were deposited into an intracratonic basin in the period 

from 280 to 180 Ma (Smith et aI., 1993). The'- v~riety of depositional environments was 
- -~ r 

primarily influenced by the northward drift of southwestern Gondwana out of a polar climate 

and was accentuated by the meteoric drying effect of the surrounding land masses (Smith et al. , 

1993). 

The main Karoo basin was initiated as a result of uplift, compression and erosion of Cape 

Supergroup rocks. The axial site of the basin was thus determined by the results of the Cape 

orogeny (Cole, 1992). Before deposition into the gently subsiding foreland basin there was a 

period of uplift and erosion while southern Gondwana drifted over the south pole, resulting in 

an ice sheet over the highlands and floating ice on the lowland platform (Tankard et al., 1982). 

This period was the commencement of Karoo sedimentation. The processes of sedimentation 

of each group and formation within the Karoo Supergroup are described under their respective 

sections. 

Over 69% of KwaZulu-Natal's surface is covered by Karoo-aged lithologies, including 

dolerite. This fact stresses the importance of Kamo formations as potential aquifers. Table 10 

furnishes a summary of the groups and formations associated with the Karoo Supergroup in 

KwaZulu-Natal and the distribution of the sedimentary rocks of the Karoo Supergroup is 

shown in Figure 6. 

3.1.5.1. Dwyka Group (formerly Dwyka Formation) 

The period of glaciation which followed as a result of the movement of southern Gondwana 

over the pole, deposited glacial diamictites, sandstones and shales of the Dwyka Group into the 

Karoo basin. Generally these sediments unconformably overlie Natal Group and basement 

rocks. 

The main rock type of the Dwyka Group is a massive tillite or diamictite. It has a very fine­

grained, blue-grey to greenish matrix containing angular to subrounded clasts. The clasts are 

poorly sorted and range in size from minute grains up to boulders 2 metres in diameter (Plate 
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6). The clasts comprise sandstone, granite, gne iss, schist. diabase. quartzite. andes itic lava and 

quartz porphyry. Minor rock types associated with the Dwyka Group inc lude shale. sometimes 

varved, and sandstone. which occurs near the top of the success ion. When weathered, the 

diamicti te becomes a brownish buff colour and has" a very high clay conlent. Fracture surfaces . . 
wilhin the Dwyka Group are often iron stained due to oxidat ion in the presence of water. 

Table 10 Karoo Supergroup li thologies in KwaZulu Natal in order of increasing age , - -
GROUP FORMATlON LITHOLOGY 

Drakensberg basalt 
Lcbombo Jozini rhyodacite and rhyolite 

Letaba basalt 
Clan!fIS sandstone 
Elliot sandstone and mudstone 
Nyoka mudstone interbedded with sandstone 
Ntabene sandstone with subordinate mudstone 
Molteno sandstone, mudstone and shale 

Seaufon Tarkastad sandstone with subordinate mudstone 
Adelaide mudstones alternating with sandstone 

Emakwezini sandstone alternating with shale and mudstone 
NO!7TIQndien sandstone interbedded with 'Shale 

£ce, VolksntSt shale and siltstone - -
V,yheid sandstone with subordinate shale 

Pietennan'tzbllrg shale .' 

Dwyka diamictite 

• 

Plate 6. Lithological nature of Dwyka Group tillite showing clasts of gneiss. 
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3.1.5.2. Ecca Group 

The Dwyka-Ecca transition is generally an abrupt but diachronous contact representing an 

environmental change from meltwater-influenced alluvial fans issuing into an euxinic lake to 

more stable lower-energy fluvial systems building out fine-grained deltas into a sea (Smith et 

ai., 1993). The northeastern and eastern Ecca deltas were responsible for the lower Ecca 

sedimentary rocks now represented in KwaZulu-Natal. 

In the northwest, the paraglacial outwash fans, peat bogs and moraine-dammed lakes were 

succeeded by shallow inundation and the development of small, elongate and lobate deltas 

(Cadle, 1979). The Vryheid Formation in this area contains five separate bituminous coal 

seams, which were possibly preserved by rapid basin subsidence and transgression, covering 

the backswamp peats with fluvial sandstone and the delta plains with carbonaceous siltstone 

(Smithetai., 1993). 

Typically, the lower Ecca coals are low sulphur bituminous coals. Higher up in the' Ecca 

succession the coal is associated commonly with upper delta-plain and strandplain facies in 

inferred fluvio-deltaic settings, that were locally subjected to marine encroachment which 
-

resulted in higher sulphur containing coals (Cadle, 1979). 

Rifting of the Natal trough and Nongoma Graben in the east of the province together with 

sedimentation resulted in up to 15 fluvio-deltaic cycles (Smith et al.; 1993). These cycles 

consist of bioturbated or weakly-laminated shelf mudstone and siltstone overlain by muddy 

siltstone and sandstone. 

The Ecca Group is r~presented in KwaZulu-Natal by the argillaceous Pietermaritz~urg and 

Volksrust Formations which are separated from each other by the mainly arenaceous Vryheid 

Formation. 

Pietermaritzhurg Formation 

The Pietermaritzburg Formation shales are well-bedded, <;lark grey, blue and black shales which 

rest conformably on the Dwyka Group. The shale becomes characteristically fissile due to fine 
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jointing, often as a result of unloading. Occasionally micaceous beds and thin siltstone beds 

occur within the shale. Secondary mineralisation by pyrite is also common in the shales. On 

weathering, the rock turns into a yellowish clay. polerites have extensively intruded the 

Pietermaritzburg Fo~ation, taking advantage ~(the well-bedded and jointed nature of the 

shales. 

Vryheid Fonnation 

Overlying the Pietermaritzburg Formation conformably is the Vryheid Formation. The 

boundary is transitional, and is taken at the base of the first sandstone unit above the 

Pietermaritzburg Formation (Thomas, 1988). The base of the Vryheid Formation comprises 

interlaminated sandy shale, siltstone and sandstone which passes upwards to laminated or 

cross-laminated, medium- to fine-grained sandstone. A facies change to coarse-grained, cross­

bedded sandstone and grits occurs at the top of the formation (Linstrom, 1987b). 

The Vryheid Formation sandstones can be identified by their pale buff colour, poor sorting and 

high feldspar content. The feldspars, mainly orthoclase and microcline, weather rapidly and 

result in some areas having sparse outcrops (de Decker, 1981). 

Volksrust Fonnation 

Blue-grey and black, well-laminated, fissile shales of the Volksrust Formation conformably 

overlie the Vryheid Formation. These shales are very similar to the Pietermaritzburg Formation 

shales and also weather to a buff colour. Phosphate nodules are apparently characteristic, for 

example near Weenen (Du Toit, 1918). 

3.1.5.3. Beaufort Group 

Beaufort Group sediments are thought to have accumulated on vast semi-arid alluvial plains 

mainly by floodplain aggradation (Smith et ai., 1993). The fluvial action resulted in alternating 

mudstone and sandstone lithosomes with upward-fining textures, red and purple colours, 

vertebrate fossils, desiccation cracks and palaeopedogenic carbonate horizons (Smith et ai., 

1993). 
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In KwaZulu-Natal, the Beaufort Group is represented by the Estcourt and Nonnandien 

Fonnations in the east, the Emakwezini Fonnation in the northeast and by the Adelaide and 

Tarkastad Fonnations in the southwest. 

Normandien and Estcourt Formations 

The boundary with the underlying Volksrust Fonnation is confonnable but transitional. The 
~ ~ . 

transition beds consist of fine- to coarse-grained sandstone, sandy shale and shaly sandstone 

with interbedded basal black shale (Linstrom, 1987b). The contact is taken at the base of the 

first sandstone above the Volksrust Fonnation. 

The Nonnandien and Estcourt Fonnations are composed of massive or cross-bedded, fine- to 

coarse-grained, feldspathic sandstone and dark blue-grey or black, 'locally carbonaceous shale 

(Linstrom, 1987b). The Nonnandien Fonnationjs represented on the Frankfort 1 : 250 000 

geological map but has not yet approved by SACS. 

Emakwezini Formation 

This fonnation, as do the Nonnandien and Estcourt Fonnations, confonnably overlies the 

Volksrust Fonnation. It has however, a gradational.~contact and is found east of the Nonnandien 

Fonnation within the Karoo basin. 

The base of the fonnation is marked by black, locally carbonaceous shale which grades 

upwards into a more arenaceous succession in which plant remains are found (Linstrom, 

1987b). The rest of the fonnation consists of fine- to medium-grained and,locally, even coarse­

grained greenish grey or buff-coloured sandstone alternating with siltstone and grey or grey­

green shale and mudstone. The sandstone is well-bedded and usually feldspathic. Thin beds of 

maroon mudstone and black carbonaceous, locally micaceous, shale are common. Thin coal 

seams occur throughout the Emakwezini Fonnation. 

Adelaide Formation 

This fonnation consists of a succession of greenish grey, bluish grey and minor greyish red 

mudstones alternating with subordinate fine-grained, buff-coloured, litho-feldspathic 

sandstones, fonning upward-fining cycles (de Decker, 1981). The mudstones are usually 
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massive, whereas the sandstones exhibit trough cross-bedding or flat-bedding. The sandstone 

frequency increases higher up in the succession. 

Tarkastad Formation 

A greater proportion of sandstone to mudstone, compared to the conformably underlying 

Adelaide Formation, is characteristic of the Tarkastad Formation. de Decker (1981) describes 
~~ ~ 

the sandstones as: yellowish grey to light greenish grey, fine- to medium-grained, flat-bedded 

and trough and planar cross-bedded litho-feldspathic sandstones and the subordinate mudstones 

as: bluish grey and red to purple. 

3.1.5.4. Post-Beaufort Group sedimentary rocks 

Molteno Formation 

The Molteno Formation is described by Smith et at. (1993) as -an intracratonic, bedload-
~ -

dominated fluvial wedge, derived from a tectonically active upland some distance to the south 

and southeast. As a whole, the formation is composed of three sedimentary weciges each 

containing one or more upward-fining sequences which were deposited in a perennial braided 

stream environment conformably above the Tarkastad Formation sediments. 
~ -

The sedimentary rocks of the Molteno Formation are sandstones, mudstones and shal~s, l'he 

sandstones comprise mainly coarse-grained quartZ and feldspar, with little or no interstitial 

material. These sandstones have a characteristic glitter which is a result of secondary growth on 

the quartz grains. The mudstones can be grey, red or purple. 

Impersistent thin coal seams, terminating the upward-fining cycles, occur at intervals in the .. 
formation. These upwards fining cycles start with massive, poorly sorted coarse sands.tone with 

scattered pebbles, grading firstly into trough and tabular cross-bedded sandstone and then into a 

mudstone or shale unit (de Decker, 1981). 

The Molteno Formation, where it occurs in the west of KwaZulu-Natal, forms a noticeable 

scarp. The alternating sandstone, mudstone and shale produces a terraced landscape, with 

sandstone blocks strewn at the base of the scarps (de Decker, 1981). 
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Ntahene Formation 

In northern KwaZulu-Natal, a lateral equivalent of the Molteno Formation is the Ntabene 

Formation which conformably overlies the Emakwe:6ini Formation. The formation consists of 
-; r 

mainly sandstone and subordinate shale. The sandstone is medium-grained and slightly 

feldspathic, but a coarse-grained, gritty variety, consisting mainly of quartz, is found at a 

number of localities (Linstrom, 1987b). 

Nyoka Formation 

The bright-red or purple Nyoka Formation mudstone follows conformably on the Ntabene 

Formation. Thin beds of yellow, grey, white or reddish, fine- to coarse-grained feldspathic 

sandstones are interbedded with the mudstone. The age of this formation, and of the Ntabene 

Formation, is uncertain, but is tentatively regarded as Triassic (Linstrom, 1987b). 

Elliot Formation 

As Gondwana drifted further away from the pole, the climate became increasingly arid. This 

change in palaeoclimate has been inferred through the evidence of fossils within the 

sedimentary successions (Smith et at., 1993). Regional facies relationships indicate that the 

Elliot Formation is the distal equivalent of the €9arse braided liver deposits of the Molteno 

Formation (Smith et aI., 1993). Interpretation of the formation has led workers to believe that 

the formation was deposited by meandering, ephemeral streams, transitional flood-fans, playas 

and the wind (Smith et at., 1993). 

The Elliot Formation consists of upward-fining cycles of poorly bedded sandstone, which 

grades into trough and tabular cross-bedded, fine-grained sandstone and then into a massive­

bedded siltstone and mudstone. The sandstone is whitish grey to yellowish grey, occasionally 

brownish red, medium-grained and feldspathic. Mudstone predominates over the sandstones 

and is generally red and purple, but occasionally greenish grey. 

The Elliot Formation is often referred to as the "red beds". This is due to the striking red colour 

of the rocks which is probably a result of diagenetic oxidation of iron derived from ferruginous 

silicate and clay minerals (Eriksson, 1987). 
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Clarens Fonnation 

The Clarens Formation conformably overlies the aeolian-influenced upper part of the fluvio­

lacustrine Elliot Formation. The Clarens palaeoenvironment is interpreted as an arid distal 

alluvial fan complex with wadi channels. Withi~ 'the hot dry continental basins the alluvium 

was modified by aeolian and marginal playa processes (Smith et al., 1993). 

The formation consists of a cream, white or slightly pinkish, well sorted, very fine-grained to 

fine-grained, poorly bedded calcareous and feldspathic sandstone. Thin intercalated lenses of 

reddish and blue-grey mudstone occur locally. The sandstone sometimes shows minor baking 

effects near its upper contact with the overlying basalts (Linstrom, 1987b). 

3.1.5.5. Karoo volcanism 

The extrusion of the Karoo flood basalts was linked to the break-up of Gondwana (Smith et al., 

1993). Karoo basalts are represented in KwaZulu-Natal with-in tne Lebombo monocline as the 

Lebombo Group, and within the intracratonic sequences along the Lesotho bor~er>as the 

Drakensberg Group (Figure 7). A regional geochemical variation between the basalts exists 

which is related to regional tectonic features (Duncan et al., 1984). The Drakensberg Group 

basalts are a tholeiitic central magma type and the Lebombo Group basalts are olivine-poor 

(Duncan et al., 1984). 

A diachronous relationship with the underlying sediments has been suggested for the basalts 

(Smith et al., 1993). This arises as a result of some areas showing a transition from 

sedimentation to volcanism through evidence of sandstone lenses in the basal lavas and the fact 

that the lavas rest unconformably on the Elliot Formation along the Drakensberg mountains. 
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Lock (1978), Dingle et al. (1983) and van Rooy (1991) describe the processes by which the 

basalts were emplaced as an initial phase of explosive magmatic volcanism which laid down 

pyroclastic breccias and tuffs, followed by a longer Reriod of subdued fissure eruptions which 

built up thick sequences of basalt flows, assotiated with numerous vents, diatremes and 

dolerite dykes and sills. These successive basaltic flows buried large areas of the Clarens 

landscape effectively bringing Karoo sedimentation to an end. 

Lehomho Group 

Letaha Formation 

The Letaba Formation basalt can be described as a thick succession of amygdaloidal and non­

amygdaloidal or massive lava flows with bedded tuffs and sandstone lenses. Amygdales, when 

they occur, are concentrated in the> uppermost third of the lava flows with a thinner 

amygdaloidal zone at the base (Linstrom, 1987b). Amygdales are usually filled with calcite, 

zeolite, chalcedony, opal, chlorite or quartz. The basalts pass-upwards into acidic lavas, 

including rhyolite, dacite, ignimbrite, tuff and subordinate sandstone. 

Jozini Formation 

The acidic lavas of the Jozini Formation follow sonformably ov~ the Letaba Formation. The 

formation comprises greenish rhyodacite to rhyolitic lavas which weather to a red to purple and 

dark brown or grey colour. The texture of the lavas ranges from cryptocrystalline> to 

porphyritic, with the feldspars having a speckled appearance (Linstrom, 1987a). Bristow (1976) 

has found the lava flows to be extensive flat-lying bodies where each flow is separated by a 

relatively thin tuff zone. 

Drakensherg Group 

The Drakensberg Group basalt forms an impressive escarpment along the Drakensberg 

mountain range. The majority of the group comprises alternating flows of massive, coarsely 

crystalline basalt and amygdaloidal basalt. These alternations give rise to a stratified 

appearance. The base of the formation contains intercalations of sandstone similar to the 

underlying Clarens Formation, pyroclastics and vitreous andesite. 
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Amygdales are generally present at the top and base of lava flows. The massive (non­

amygdaloidaI) basalt is grey or greenish black and usually fresher than the easier weathered 

brownish-red or purple amygdaloidal basalt. The ,.presence of brown palaeosol preserved 

between lava flows in-dicates that the extrusion ()f the basalt occurred over a long period of time 

(de Decker, 1981). 

3.1.5.6. Karoo dolerite 

The interpretation of the distribution (Figure 7) and orientation of dolerite dykes and sills is 

related to geologic history from the Jurassic to the break up of Gondwana (von Vey, 1994). 

Competent rocks such as granites and tillite allowed magma to fill vertical fractures and joints 

to form dykes, and the less competent well-bedded sedimentary rocks allowed both dolerite 

sills ;;tnd dykes to develop. High pressures which occur at depth also restrict the formation of 

sills and therefore dykes are prevalent in rocks such as the basement rocks. 

The feeder intrusions of the Jurassic flood basalts affected most of the Karoo basin . .'I'he Ecca 

Group, in particular, is extensively intruded by dolerite sills with the major orientation of dykes 

in these rocks being west-northwest. The Natal Group and basement rocks are less extensively 

intruded by dolerite. Those dykes which occur In the north of the Kaapvaal craton have a 

northwest trend. This trend is probably related to pre-existing structural weaknesses)o the 

basement (von Vey, 1994). In the rocks of the Natal Metamorphic Province, dykes are poorly 

developed. 

The early phase break-up of Gondwana is thought to be responsible for the north-south 

orientation of dykes along the coast and in particular, associated with the Lebombo monocline 
-' 

(von Vey, 1994). Right-lateral strike-slip or reverse movement during late Gondwana.break-up 

is speculated to have influenced the coastal dykes (von Vey, 1994). 

Karoo dolerite is generally fine- to medium-grained, exhibiting ophitic and subophitic textures, 

with unaltered, mildly zoned laths of labradorite, enclosed wholly or partially in larger grains 

of augite or titan-augite (Thomas, 1988). The grain size of the dolerite varies according to the 

rates of cooling. Contact-metamorphism associated with dolerite intrusion into Karoo 
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sedimentary rocks is common. Pietennaritzburg Fonnation shales produce a narrow aureole of 

hornfels near the contact with the dolerite. Beaufort Group rocks have been intruded by both 

sills and dykes, of which the metamorphic effect has been the transfonnation of the mudstones 

into hard blue-black or grey-white hornfels. Sa~dstones are metamorphosed to quartzite. The 

dolerite intrusion itself may also exhibit a chill margin at the contact with the country rock. 

Jointing of the dolerite as a result of rapid cooling is also common. 

Upon weathering, the dolerite disintegrates by the fonnation of corestones which have a fresh 

centre and an exfoliating surface. The original minerals are converted to yellow, red or black 

clays. 

3.1.6.. Zululand Group 

These Cretaceous-aged sediments unconfonnably overlie the volCanic rocks of the Lebombo 

Group. Table 11 describes the lithology of theconfonnably related fonnations within the 

Zululand Group and Figure 8 depicts the limited surface distribution of the group" hecause of 

Quaternary aged cover. 

,. 

Table 11. Zululand Group lithology. in order of increasing age (du Preez and 
Wolmarans, 1986). 

FORMATION LITHOLOGY 
." 

St Lucia marine glauconitic siltstone with calcareous concretions 
Mzinene glauconitic, calcareous, marine siltstone or fine clayey sandstone 
Makatini non-marine conglomerate and sandstone interbedded with marine 

shallow water siltstones 

3.1.7. Maputaland vroup 

The geological history of the Zululand Coastal Plain, which is the location of the Maputaland 

Group, has been described by Wright (1995) as commencing with short length rivers fonning 

large outwash fans when the sea level was at approximately 130 m above mean sea level 

(m.s.l). As time progressed these rivers' gradients reduced, fonning coastal water bodies 

including lagoons, associated with the coastal dune barrier. The frequently regressing shallow 

sea was the recipient of terrigenous and marine sediments. A shallow sea with large tidal flats 

was fonned by a +5 m sea level backflood during the Last Interglacial (125 OOOBP). The 
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resultant conditions enabled coral growth and the formation of a barrier dune complex to form 

eastwards of the older Tertiary dune cordons. The older dune stubs formed offshore 

archipelagos and the palaeo-Pongola River was dive~d northwards. 
-~ . 

The present dune barrier along the coast comprises reworked sand of sediments older than 18 

OOOBP. The reworking of the sediments was a result of a rapid drop in sea level to 120 m 

below m.s.l. The transgression caused the coastal rivers to incise and expose the continental 

shelf sand to the prevailing wind. 

Only the oldest Tertiary cordon along the Pongola River has been lithified and thus the general 

gradient of the palaeodunes rarely exceeds 100
• Reworking by weathering and dispersal of the 

oldest dune cordons is common. The ~ reworked dune sand is recognised by its grey to red 

colour. Gullies are easily formed by rivers cutting down into dune cordons. 

The six formations which make up the proposed Maputaland Group (pers comm. Botha, 1995) 

are summarised in Table 12 as typical profiles. The distribution of the group is shown-in Figure 

9. It must be noted that the previously known Bluff Formation, Berea Formation and Harbour 

Beds (King and Maud, 1964)) have been excluged as individual formations but have been 

included as the weathered component of either the Kosi Bay or Umkwelane Formations. 

Table 12. Proposed stratigraphy ofthe Maputaland Group (pers. comm. Botha, 1995). 
SYSTEM " 

~, FORMATION ~ , LITHOLOGY 
Holocene Sibayi high coastal dune cordon, calcareous sand 

~ 

K wambonambi inland stabilised dunes and~redistributed sand (non-
~ calcareous) r---------------r-----------------------------~ , weathering profile, "Berea-type" red sand r---------------r-----------------------------mid- to late Pleistocene Kosi Bay cross-bedded sand, local calcarenite, carbonaceous sand 

-' Port Durnford bea~hrock, coral-bearing coquina and lignite, 
~ fossiliferous mudrock " 

~ weathering profile, "Berea-type" red sand ,---------------r-----------------------------
late Miocene to Pliocene Umkwelane aeolian cross-bedded calcarenite 

Uloa coquina and conglomerate 
~ 

+-
Palaeocene, Mesozoic, Palaeozoic and Precambrian bedrock 

Note: all contacts are unconfonnable 

-+ regression 
+- transgression 
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3.1.8. Other Quaternary sediments 

Masotcheni Formation 

The colluvial sediments, of the Masotcheni FOll1Ja~loft, have been exposed by gullies or dong as 

common in many inland parts of KwaZulu-Natal (Figure 8). Up to 21 m of the predominantly 

light-yellow, loosely consolidated clays with poorly developed, fine-grained sandy colluvium, 

occasional nodular beds and interbedded buried palaeosols have been exposea. (Botha et at., 

1994). Chronological work carried out by Botha (1992) suggests palaeobadland erosion has 

been occurring over at least the past 135ka. 

Donga formation and subsequent colluvial formation has been found to be associated with 

areas of irregular topography in the Vryheid Formation and Karoo dolerite geology, with a 

mean annual rainfall of 600 - 800mm (Botha et at., 1994). Deposition of thinly-bedded or 

laminated sandy sediment with interbedded lensoid pebble gravel by sheetwash and localised 

ephemeral gully floor processes has been thought to be responsible for the formation of the 

colluvium. 

Alluvium 

Alluvium is found along most of KwaZulu-Natar.s major rivers and some of their tributaries, 

especially in the south. The grain size of the deposits vary and the thicknesses can reach up to 

38 metres (Du Toit, 1946). Theclayey alluvial sediments of flood plains are often used for crop 

planting, and the sandier sediments of the river channel and banks are, quarried for building 

sand. Figure 8 illustrates the distribution of the mapped occurrences of alluvium from the 

published 1 : 250 000 geological map. 

--3.1.9. Structure and tectonics 

A well defined area running roughly parallel to the coast and extending inland for 70 

kilometres and south of Richards Bay is extensively faulted as it forms part of the rifted margin 

of the continent (Maud, 1961). The resultant physical structures in these Natal Metamorphic 

Province, Natal Group and Karoo Supergroup rocks are tilted fault blocks, and horst and 

graben structures. The patterns of the faults are of a conjugate shear nature and trend in a south-
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north and southwest-northeastly direction (Maud, 1961). The faults affecting this area are 

younger than Karoo Supergroup age. 

The majority of faulting associated with the N adl Metamorphic Province is of Proterozoic age. 

Faulting is generally more intense in the north towards the Kaapvaal craton margin (von Vey, 

1994). The oldest structures are of Archaean age and are found in the Pongola Supergroup and 

Barberton Sequence rocks in the extreme north of KwaZulu-Natal. The dominant fault 

directions are east-northeast and north-south. 

After capturing structural features from geological maps and landsat imagery, von Vey (1994) 

states that most of the disconformities' strikes appear to have developed at a high angle to the 

least principal compressive direction.~ This implies that the resultant extensional structures, 

caused by the break-up of Gondwana, could have a potential for high yielding boreholes. Table 

13 presents von Vey' s determinations for the strike direction or extensional structures. The 
~ c.. 

faults and lineaments captured by von Vey are illustrated in Figure 9 and Figure 10. 

Table 13. Favourable strike directions for extensional structures in KwaZulu-Natal (von 
Vey, 1994). 

DOMAIN -'0 FAVOURABLE -STRIKE DIRECTION 

Kaapvaal craton areas underlain by NE, ENE, N-S 
Archaean rocks o __ 

Natal Metamorphic Province_ NE,ENE, 

Natal Group, Msikaba Formation and ENE, WNW, N-S 
Karoo Supergroup 
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3.2. Terrain morphology and geomorphology 

The topography of the province as a whole is described in order to encompass all the different 

types of terrains found in rural areas. Height above sea level in KwaZulu-Naial ranges from 0 

to almost 3000m (Figure 1 I) . Relief in some areas can be extreme. Generall y, from west to 

east, the topography of KwaZulu-Natal can be described as: mountains of the Drakensberg 

escarpment and eastern plateau slopes descending (0 the coastal forelands. The topography as . . 
we see it today is the result of various geological events, such as the break up of Gondwana, 

uplift and cycles of erosion (Panridge and Maud, 1987). In tum, the rocks upon which these 

processes have acted, have reacted in different ways , givi ng rise [ 0 unique landforms for each 

lithology as will be described further on in this section. 

The coastal topography is dominated by extremely fiat land and relic dune cordons which 

originally formed adjacent to palaeo-coastlines (Plate 7). Due to changes in cl imatic condit ions 

smaller remobilised dune- fi elds have established lhemselv~ m-:in1y over the Zululand coastal 

plain (Wright, 1995). The sand dunes in the north of the province are reported to be some of 

the largest in the world (peTS. comm. Natal Parks Board. 1995) . 

• 

Plate 7. Zululand coastal plain topography. Photograph taken from relic dune looking 
westwards towards the Lebombo mountains in the distance. 
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Roughly 20krn inland from the low relief of the coastal areas, incised river valleys and rugged 

topography are encountered, except in the north where the coastal plain extends further inland. 

These features are typical of the province, and have been largely initiated by uplift of the land 
." ~ 

mass and dropping se"a levels (Partridge and Maud, 1987). The Natal Metamorphic Province 

bedrock areas of the coastal hinterland are characterised by rounded hills with deeply incised 

valleys. The resistant Natal Group sandstone in these same areas responded to geomorphic 

processes by forming impressive cliffs. 

The eastern plateau areas in the west and central parts of the province represent two separate 

cycles of erosion (Partridge and Maud, 1987). These cycles have resulted in the pre-Karoo and 

the flat lying Karoo rocks having levelled surfaces with scarps, questas and pointed hills being 

secondary features of the landscape. 

The Drakensberg mountains, comprising predominantly basalt,'fonn the escarpment in the 

extreme west with high spurs of Karoo Supergroup sediments between the valleys of the major 

eastwards running rivers. The escarpment separates the elevated interior and inlan~clraining 

rivers from the coastal margins and eastward flowing rivers. The origin of the escarpment is 

attributed to a rift-generated feature caused by the break up of Gondwana which has been 

backworn to it's present position (Partridge and Maud, 1987). 

Also of topographic importance is the Lebombo mountain range which separates Swaziland 

from Mozambique and KwaZulu-Natal. The basalts on the western side'of the Lebombo have 

weathered faster than the more resistant rhyolites to the east. Major rivers, such as the Pongola 

River, have cut through the range in an effort to reach the sea. 

Another method of describing topography is through mapped terrain morphology based on 

slope form, relief, drainage density and stream frequency (Kruger, 1983). The characterisation 

of terrain morphological classes from Kruger's work is given in Table 14 and is illustrated in 

Figure 12. On combining geology with the coverage of terrain morphological classes using a 

GIS, the predominant geology for each class becomes evident (Table 14), thus highlighting the 

typical landforms which result from different rock types. 
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Table 14. Terrain morphological classes (from Kruger, 1983) and percentage 
distribution over KwaZulu-Natal with predominant geology for each class . 

BROAD DIVISION 

Plains with low relief 

Plains with moderate 
relief 

Lowlands, hills and 
mountains with moderate 
and high relief 

Open hills, lowlands and 
mountains with moderate 
to high relief 

Closed hills and 
mountains with moderate 
and high relief 

Table-lands with 
moderate and high relief 

NOTE: Karoo S. 
Natal G. 
N.M.P 
Pongola S. 

MAP DESCRIPTION 
SYMBOL 

1 plains .' l-

-< 

3 slightly undulating plains 
9 moderately undulating plains 

14 irregular undulating lowlands with 
hills 

15 strongly undulating irregular land 

20 undulating hills and lowlands 

21 mountains and lowlands 

22 undulating mountains and 
lowlands 

25 highly dissected hills 
26 undulating hills 

, 

27 low mountains 
28 highly dissected low undulating 

mountains 
29 high mountains 

30 mountain and hill plateaux 

= Karoo Supergroup 
= Natal Group 

~ .-

= Natal Metamorphic Province 
= Pongola Supergroup 

COVER PREDOMINANT 
% GEOLOGY 
10 Cretaceous and younger 

sediments 
1 Letaba basalt 
4 Cretaceous and younger 

sediments, Karoo S. 
sediments, Pongola S. 

15 Kamo S. sediments, dolerite, 
Pongola S. 

2 Karoo S. sediments and 
dolerite 

8 Karoo S. sediments, dolerite, 
N.M.P 

4 Karoo S. sediments and 
dolerite 

2 Karoo S. sediments, dolerite, 
N.M.P 

0.5 Natal G., N.M.P 
6 Letaba basalt, Jozini rhyolite, 

Karoo S. sediments, dolerite, 
- Natal G., Pongola S. 

- Jozini rhyolite, Karoo S. 
29 Natal G., N.M.P, Karoo S. 
13 " 

Drakensbetg G., Karoo S. 
5 and dolerite 

0.5 Natal G. 

Slope analysis carried out using a GIS shows clearly the areas where slope angles are slight and 

steep. It must be noted that due to the frequent changes in slope and the scale at which the data 

were collected, the map in Figure 14 appears haphazard. This generated slope map, which 

identifies the maxim~m rate of change in height between the cells, compares favourably with 

the terrain mapping areas delineated by Kruger (1983). Figure 13 summarises the percentage of 

area covered by different slope ranges. Noticeable areas of low slope are the Zululand coastal 

plain, northwestern KwaZulu-Natal and a small area in the southwest called the Cedarville 

Flats. Steeper slopes are generally found along the escarpment and in river valleys, for 

example, the Tugela and Umkomaas valleys. The highlighted 'disadvantaged' rural areas also 

have steeper slopes than the surrounding 'advantaged' rural areas. 
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Figure 13. Slope distribution for KwaZulu-Natal. 

Another feature relevant to terrain morphology i~··aspect. Aspectdiffers from slope in that the 

down-slope direction of the maximum rate of change in height between cells is calculated. 

Aspect is expressed in positive degrees from 0 to 360 and is measured clockwise from the 

north. Generally, as expected, the slope direction is towards the east as shown in Figure 15. 
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Figure 15. Aspect distribution of KwaZulu-Natal. 

-
All the figures related to topography were derived from one minute by one minute 

(approximately 1.6km by 1.6km) spaced spot heights above mean sea level, The ,source of 

these data was from the Computing Centre for Water Research (CCWR). The points were 

converted into a raster digital elevation mod~J_ (DEM) from~ which further analysis was 

possible. Due to the size of the cells, cognisance must be made of the relative coarseness of the 

model. 

Surface topography can simplistically be divided into valleys, ridges ana side slopes. A grid of 

these features, for KwaZulu-Natal, was generated by combining slope and aspect features. The 

resultant map appears rather speckled due to the high relief in many areas and therefore only 

the percentage coverjlge is provided in Table 15. 

Table 15. Simplified surface feature distribution for KwaZulu-Natal. 
·FEATURE ... ii PERCENTAGE DISTRIBUTION ..... 

side slopes 54 

valleys 24 

ridges 22 
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3.3. Climate 

The mean annual precipitation (MAP) in KwaZulu-Natal ranges from as low as 538mrn to as 

high as 1558mm p.a. (Midgley et al., 1994b). M1-P'-is~igh along the Drakensberg escarpment 

and decreases rapidly with lower altitudes eastwards. Higher precipitation is again encountered 

along the coast. The highest rainfalls are recorded in the High Drakensberg mountains, the little 

Berg, the tablelands in the interior and along the coast near Richards Bay. 1'he lowest rainfall 

occurs on either side of the Lebombo mountains, parts of northern KwaZulu-Natal and parts of 

the major incised river valleys. Most of the annual rainfall falls in the summer months. Figure 

16 reflects the MAP distribution in KwaZulu-Natal. 

Evaporation increases from the coast westwards and from south to north. A trough of relatively 

low evaporation follows the Drakensberg and through to the highlands. Figure 17 depicting 

evaporation, from Symons pan observations, over KwaZulu-Natal has been sourced from 

Midgley et al. (1994b). This map is soon to be superseded by W-Ofk being carried out by the 

Department of Agricultural Engineering of the University of Natal which will result in a map a 

little different to the present map (Midgley et al., 1994a). ' 

Daily temperatures in KwaZulu-Natal are mostlyjnfluenced by l-atitude and distance, altitude 

and distance from the sea. Altitude, however, has a greater influence than latitude and distance 

from the sea. The low lying areas of northeastern KwaZulu-Natal, the coastal areas aha the 

major river valleys are characterised by high temperatures, while the Drakensberg Escarpment, 

mountain blocks, and high-lying areas protruding from the Drakensberg are characterised by 

lower temperatures (Schulze, 1982). It has been recorded that a difference in altitude of 1800 

metres over a distance of 150 kilometres can cause a 9°C difference in temperature in January 

(Thorrington-Smith et al., 1978). 

3.4. Hydrology 

The rivers of KwaZulu-Natal are steeply graded and drain from west to east, as is reflected by 

the aspect analysis (Figure 14). Principal catchments are the Umkomaas and Mgeni catchments 

which fall mostly under the juristriction of the DWAF's agent Umgeni Water, Tugela 

catchment, which is presently without a government agent, and the Mfolozi, Pongola, Usutu 
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catchments which have partial coverage by the board of Mhlatuze Water. The major rivers have 

their sources in the Drakensberg mountains, the intermediate sized rivers, such as the Mvoti, 

Mkuzi and Mgeni, arise in the highlands of the interior, and the coastal hinterland is the source 
'" 

of the smaller rivers. 

The major rivers are shown in Figure 18. Water from the Tugela catchment augments water 

resources of the Olifants and Vaa1 basins outside of KwaZulu-Natal, through inter-basin water 

transfers. 

Surface run-off for KwaZulu-Natal obtained from run-off data on a quaternary catchment scale 

is portrayed in Figure 19. The map shows that the highest run-off occurs along a portion of the 

escarpment, as would be expected considering the steep slope (Figure 14). Generally, run-off 

decreases towards the coast, but noticeable areas of low run-off generation do occur in the 

majority of the Tugela, Buffalo and Mfolozi river catchments.- The ·lowest run-off occurs 

around the central portion of the Mkuze River, west of the Lebo;;bo mountains. The northern 

parts of the Zululand coastal plain also generates little run-off, on account of the permeability 

of the sand cover. The areas around Richards Bay and lower south coast have a higher run-off 

than the rest of the coastline. The quantity of rur;-off experience~ gives an indication of the 

probable amount of recharge, since run-off is that portion of rainfall that has escaped 

evaporation and infiltration. This would imply that the greater the run-off, the less recharge.is 

occurring. 

Major dams and smaller farm dams permitted by the DWAF are found mostly outside of 

'disadvantaged' rural areas. The majority of these dams are found in the Umgeni catchment in 

order to supply the highest population density of the Durban-Pinetown-Pietermaritzburg area. 
-" 

The distribution of major and permitted farm impoundments are depicted in Figure 18Jogether 

with naturally occurring lakes, such as Lake St. Lucia and Lake Mzingazi, which are 

distributed along the Zululand coastal plain. 
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3.5. Soils 

Soil characteristics in KwaZulu-Natal are influenced primarily by the parent material of the 

underlying geology and its formation is aff:cted" by factors such as geomorphology, 

physiography, vegetation and climate. Schulze (1982) points out that it is because of these 

various interactions that the resultant soils are variable on a local scale. The main classification 

of soils in South Africa has been described for agricultural purposes by Mac'licar et al. (1977). 

This classification is based on a unique vertical sequence of diagnostic horizons of the upper 

soil level or top soil and the subsoil. All the soils are attributed to a soil form and then to a 

subordinate series on the basis of the relevant soil properties which define the classes 

(MacVicar et al., 1977). For the purpose of this thesis, only the main soil forms in KwaZulu­

Natal will be described. The prominent soil patterns given by MacVicar et al. (1977), soil 

groupings by Fitzpatrick (1978) and simple descriptions by Maud (in prep.) are given in Table 

16. Figure 20 illustrates the resultant distribution of the simplified soil groupings. As 

mentioned previously, the geology underlying the different soil~ has a marked affect on their 

distribution. This factor is illustrated in Table 17 where the broad soil patterns have been 

compared with the geology and their percentage distribution given to illustrate each group's 

importance. 

The thickness and clay content of a soil are important factors with respect to recharge 

processes. A thick soil profile will have a greater capacity to contain water, therefore inhibiting 

it from infiltrating down to the aquifer. If the soil is clayey or of low permeability, the 

containment of infiltrating water is increased by the greater adsorption clay has compared to 

sandy soils. Shrinkage cracks associated with clays will not always provide direct pathways for 

infiltrating water because they will tend to close up once the clay becomes wet and expands. 

Recharge to the aquifer can only occur if field capacity is exceeded as discussed in Chapter 4. 

Work carried out by agriculturists and irrigators has shown that a typical soil of 1m depth has 

the capacity to contain 100mm of water (Schulze, 1982 and pers. comm. Maud 1996). This 

implies that recharge through thick and clayey soils is rare, as field capacity can only be 

exceeded if the rainfall event exceeds 100mm over the short term. Areas of thin soil cover or 

no soil cover and stream and river channels are thus the most likely places through which 

recharge is expected to take place. 
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Table 16. Description of typical forms for the main soil patterns and soil 
~'. !-.-

BROAD SOIL 
SOIL GROUPINGS 

I' PATTERNS I, (front 
(frQm Fitzpatric~~" ' 

R!chilrdsBay: 1978}; 
'1 :750000 I 

SIlUmap)i; 
not present 

A 

B,C,D,E 

F 

H 

1 

2, 3 

4,5,6,7,8, 
9,10,11,12,13 

14, 15, 16, 17, 
18 

19 

gr~upmgs. 

DESCRIPTION 
,(fr!lIlll\1aud.bl#fep.) 

yellow apedal, freely drained soils 
occurring at altitude 
red-yellow apedal, freely drained 
soils which are usually fairly deep, 
frequently clayey and occur in areas 
of high rainfall 
soils with a sandy topsoil abruptly 
overlying strongly structured clayey 
subsoil, with or with but intervening 
subsoil ferricrete horizon - usually 
fairly deep, hydromorphic, lime may 
be present in the subsoil in low 
rainfall areas - soil usually occurs on 
lower slope and valley bottoms and; 
very dark coloured and red clayey, 
well structured soils which are 
moderately deep and1lave 
developed on weathered basic rock 
parent material, lime may be present 
in low rainfall areas 
soils with an dark coloured topsoil 
overlying a weathered rock subsoil -
usually shallow to very shallow 
soils, lime may be present in subsoil 
in low rainfall areas 

deep, reddish brown and light 
coloured apedal sandy soils, usually 
associated with coastal dunes 
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I' TYPICAL 
;SOlI. ' 

FORMS 
(from "" 

MacVicRf~ ~':; 

, et ai.1 1978) 

Champagne 
Mispah 
Hutton 
Clovelly 
Inanda 

Avalon 
Hutton 
Shortlands 

'-, 

Estcourt 
Sterkspriut 
Longlands 
Westleigh 
Valsrivier 
Arcadia 
Bonheim 

Glenrosa 
Cartref 
Shortlands 
Arcadia 
Avalon' 
Westleigh 
Mayo 
Mispah 
Hutton 
Clovelly 
Fernwood 

SIMPILIFIED 
'GROUPING 

Type I 

Type II 

Type III -

Type IV 

Type V 
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Table 17. Percentage coverage of the five defined soil groups with the associated 
predominant lithology. 

SIMPLIFIED % PREDOMINANT LITHOLOGY 
GROUPING COVERAGE . 

Type I -2 Drakensberg Gr~up 
Type II 25 Karoo Supergroup, Dwyka Group, Natal Group 
Type III 43 Karoo Supergroup, dolerite, Lebombo Group, Dwyka Group 
Type IV 23 Natal Group, Dwyka Group, Basement rocks 
Type V 7 Quaternary sediments - . 

3.6. Vegetation 

The distribution of vegetation throughout KwaZulu-Natal is primarily dependent on climate, 

altitude, aspect, distance from the sea and geology. Table 18 reflects the conditions existing for 

the various veld types and Figure 21 shows their distribution. These natural veld types have 

been mapped and described by Acocks (1975) in some detail. It must be noted however, that 

since Acocks' map was published in 1975 there has been much agricultural development which 

has altered the distribution of veld types. 
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Table 18. Physical conditions related to veld type in KwaZulu-Natal (adapted from 
Acocks,1975). 

4Q()CKS VELD TYPE ~o. COVERAGE RAINFAlL· ELEVATION > PR,OMINENT GEOLOGY 
% mnii<i m.a.m.sJ; , 

Coastal forest and thorn veld 1 15.7 908 - 1500 0-450 Zululand and Maputaland 

" Groups, Natal Metamorphic 
Province (N.M.P) 

Pondoland coastal plateau 3 0.1 1150 - 1300 400 - 450 Natal Group and N.M.P 
and sourveld 

The 'Ngongoni veld 5 9.3 750 - 1300 450 - 900 ~Karoo Supergroup 
sediments, Natal Group and 
N.M.P 

Zululand thorn veld 6 3.6 750 - 950 150 -1050 Lebombo Group and Karoo 
Supergroup sediments 

North-eastern mountain 8 0.6 900 - 1950 - Karoo Supergroup 
sourveld sediments and dolerite 

Lowveld 10 11.6 500 - 750 150 - 600 Zululand, Maputaland and 
Lebombo Groups, Karoo 
and Pongola Supergroup 
sediments 

Arid lowveld 11 0.7 needs further study Lebombo Group and Karoo 
'., 

~, Supergroup sediments 
The valley bushveld 23 9.0 500 - 900 ,,-valleys Karoo Supergroup 

draining to the sediments with dolerite, 
Indian Ocean N.M.P 

.~~-

Highland sourveld 44 15.1 750 - 1500 1350 - 2150 Karoo Supergroup 
sediments with dolerite 

Natal mist belt 'Ngongoni veld 45 4.2 900 - 1150 900 - 1350 Natal Group, Karoo 
Supergroup sediments and 

~ - dolerite ,.<' 

Themeda veld or twf highveld 52 0.05 650 - 750 1500 - 1750 Vryheid Formation and 
dolerite 

Twf highveld to highland 54 0.05 -750 1700 - 1850 Karoo Supergroup 
sourveld transition sediments with dolerite 

Highland sourveld to 56 1.4 650 -1000 1500 - 2000 Maputaland Group, Karoo 
cymbopogon-themeda veld Supergroup sediments and 
transition dolerite 

North-eastern sandy highveld 57 1.2 750 - 950 1600 - 2150 Karoo Supergroup 
sediments and dolerite 

Themeda-Festuca alpine veld 58 1.2 600 - 1900 1850 - 2150 Drakensberg Group, Karoo .. Supergroup sediments and 
dolerite 

Piet Retief sourveld 63 1.3 750 -1150 800 -1700 Karoo Supergroup 
sediments and dolerite 

The northern tall grass veld 64 5.2 - - Karoo and Pongola 
Supergroups 

The southern tall grassveld 65 13.4 650 - 900 600 -1350 Karoo Supergroup 
sediments and dolerite 

Natal sour sandveld 66 6.3 600 - 900 900 - 1350 Karoo Supergroup 
sediments and dolerite 
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3.7. Demography 

KwaZulu-Natal is the third smallest province in South Africa but it contains 22% of the .' ~ 

country's population (Figure 22 and Figure 23). <This results in the second largest population 

density in the country, with an average number of 87 people per km2
, in 1991. The 

demographic data from the 1991 census is displayed in map form as Figure 24. 
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Figure 22. Percentage areas covered by South Africa's provinces. 
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Figure 23. Population distribution by province, 1991 (Meintjes et al.,1995). 
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The major process affecting rural areas is a rapid population out-migration of approximately 

2.2% p.a. This has had the effective result of a small net migration into peripheral areas, 

relative rapid growth of the Durban Functional Region (DFR) and a rapid growth in informal 
~. !-., 

settlements throughout KwaZulu-Natal (Seneque. Smit & Maughan-Brown, 1995). All these 

trends point to the complex migration patterns prevalent in KwaZulu-Natal. 

Population decline in rural areas seems to be associated with growth in agriculture, where 

processes of capital intensification may be leading to a decline in the labour demand and, 

therefore, a long-term declining population (Seneque, Smit & Maughan-Brown, 1995). 

Contrary to the expectations of demographers, however, there has been a small net in-migration 

into some rural areas. Table 19 presents the rural districts experiencing growth. Figure 25 

provides a map of the rural or former KwaZulu districts of KwaZulu-Natal. People migrating 

froIIl.Mozambique into Northern Zululand have noticeably played a role in increasing rural 

populations in the Ingwavuma and Ubombo districts. 

Other reasons for migration to rural areas appear to be the displacement of people frgm the 
- '-" 

'advantaged' rural areas and coal fields to the 'disadvantaged' rural areas, especially where 

land is seen to be available (Seneque, Smit & Maughan-Brown, 1995). 

Interestingly, some peripheral rural areas, especially the former Transkei and southern districts 

are experiencing a net out-migration, possibly as a result of drought and violence. The effect of 

droughts on out-migration from rural areas is not clear. It is pO,ssible that through a 

combination of crop and stock loss and the difficulty in obtaining water for domestic use, 

greater numbers of people may have moved out than would otherwise have been expected. 

The high growth rates of rural districts, such as Mapumlliu and Hlabisa (Table 19) are possibly 

related to their close proximity to urban centres. Seneque, Smit & Maughan-Brown (1995) 

suggest that this could be a result of these areas being suitable for people to commute weekly, 

if not more frequently, to the urban centres for employment. Growth rates may also be 

attributed to displacement from 'advantaged' rural areas and the natural birth rate. It is 

extremely difficult to determine what percentage natural growth, due to births, contributes to 

the overall growth rate in rural areas (pers. comm. Department of National Health and 
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Population Development, 1996). The reason for this difficulty is due to the large number of 

unrecorded births in rural areas. However, a figure of one child being born every 26 seconds in 

South Africa is quoted by the Department of National Health and Population Development as a . ~ 

national overall statistic. 

Table 19. Growth in rural KwaZulu districts over the period 1980-1991 (Seneque, Smit & 
Maughan-Brown, 1995) . 

; "AREA . i % RURAL GROWTH 
. ·C .. PERYEt\.Ri 

Peripheral 
Ingwavuma 2.9 

Ubombo 3.1 
Nongoma 2.2 
Nkandla 2.8 
Msinga 2.2 

Hlanganani '-. ).7 
Vulamehlo - 1.1 - -

Mahlabatani 2.5 

Limited Urban Linkage 
Hlabisa 3.4 

Simlandgentsha 5.0 
Mapumulu ~ - 3.0 

Adjacent to Major Centres 
Nqutu 4.2 

Enseleni 2.6 
Inkanyezi 1.8. 
Ongoye 3.4 

Emnambithi 1.4 
Ohlahamba 4.4 
Ezingolweni 1.0 

Emzumbe 1.6 

-
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Predictions of macro demographic trends from 1985 to 2030 reveal that on average, a 

population growth rate of 2.4% p.a. can be expected throughout the province (Meintjes et al. , 

1995). Although the studies have shown that urbanisation is dominant, the absolute size of the 

rural population will not decline. It is speculated that there may, in fact, be a reverse flow of 

migration to rural areas as a result of urban unemployment (Seneque, Smit & Maughan-Brown, 

1995). Suggested strategies to deal with increasing rural populations are: 

1. restructuring the commercial agricultural sector; 

11. promoting non-farm activities; and 

iii. delivery of services and infrastructure. 

It has also been recognised that HIV/AIDS will have an affect on demography, the demand for 

certain services and economics of the province, (Whiteside, 1995). A study carried out by the 

Economic Research Unit of the University of Natal (Whiteside, 1995) revealed that KwaZulu­

Natal has the highest levels of HIV and reported AIDS cases-in ~the country. It was also 
,.. ~~ 

projected that by the year 2000, KwaZulu-Natal will have 9.5 million people infected with 
" 

HIV. Therefore the estimation of future population sizes for rural water supply must-take into 

account the effects of the HIV epidemic. Due to the backlog of present services, the provision 

of services to rural communities does not need to be adjusted tOJake into account potentially 

decreasing populations. There will, however be a definite increase in demand in the spheres of 

health care and social services which would need to be planned for. 

The delivery of services and infrastructure is one of vital importance to this thesis. Surveys 

suggest that access to facilities in rural areas of KwaZulu-Natal is lower than that for the rest of 

South Africa (Seneque, Smit & Maughan-Brown, 1995). One of these particular problems is 

water supply. It is alio pointed out that the level and standard of the proposed infrastructure 

should be appropriate to rural affordability, and that the design principles should. take into 

account the mobility of rural communities. 

If the estimated percentages of population distributions given by Seneque, Smit & Maughan­

Brown (1995) of 26% for informal urban, 29% for formal urban and 45% for rural areas are 

accurate, using calculated popUlation figures of 8 632 300 for 1995, there were 3 884 535 

people living in rural areas. This implies that given 251/day per person, a minimum of 100 
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MI/day of water should be supplied to the rural population of KwaZulu-Natal in order to 

achieve the goals of the White Paper. 

, 

Overall, the population in the province is increasing, with the rate of growth in urban areas 

being about three times that of rural areas. However, the growth of informal settlements, which 

comprise just over a third of the total urban population, far surpasses that of the formal areas. In 

planning water supply for the future, it must be expected that two thirds of the population of 

KwaZulu-Natal will be living in non-formal conditions by 2020, either on the urban fringe in 

shack settlements, or in rural areas (Seneque, Smit & Maughan-Brown, 1995). This will prove 

to be a challenging water supply problem which should be planned for in advance. 

3.8.· Land-use 

Many types of land-use activities are carried out over the province Gf KwaZulu-Natal. Typical 

land-use types include residential, industrial, conservation and agricultural. Within the category 

of agricultural land-use, different types of agriculture are practised. The two main d~visiDns of 

agricultural activity are the farming of livestock and crops. The amount of land used for crop 

growing is larger than that for livestock rearing. Forestry, sugar cane, maize and sisal farming 
" 

are the main products of crop farming throughout the province. Livestock farming concentrates 

on cattle, poultry, goats, sheep and dairy production. 

'Disadvantaged' rural areas, in particular, are characterised by their low diversity of land-use 

types. The majority of rural areas can be described as being used for subsistence cattle and goat 

rearing, together with dry-land maize subsistence farming. Very few rural areas are afforested 

even though there h,:ve been efforts made by large commercial forestry and sugar cane farming 

organisations to encourage co-operative farming witli the local rural people. Industrial activity 

within rural areas is also very limited or non-existent. It must be noted however, that even 

though land-use activities in rural areas, on a regional scale have a relatively low pollution risk, 

at a more local level one of the most detrimental practices in the majority of rural K waZulu­

Natal is improper sanitation. Also, the effects of neighbouring 'high-risk' land-uses, such as 

industry, must be recognised as having often negative impacts on rural areas. 
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4. PRINCIPLES OF HYDROGEOLOGY 

4.1. Groundwater in the hydrological cycle " 

Groundwater forms an integral part of the hydrological cycle. This cycle involves the 

continuous circulation of water between oceans, the atmosphere and the land (Figure 26). The 

processes through which surface water becomes groundwater need to be explained in order to 

understand the occurrence and distribution of groundwater. 

EVAPOTRANSPIRATION PRECIPITATION 

ttt lll-- ~-

EVAPORATION 

I 
I ~ 
y~ 

Figure 26. Groundwater in the hydrological cycle. 
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Condensing water vapour in the atmosphere causes precipitation: Most of the falling 

precipitation will reach the earth's surface, the rest will evaporate or be intercepted by 

vegetation or man-made structures from where it will be returned back into the atmosphere 

through evaporation~ Precipitation which does not evaporate will reach the earth's surface. 

Initially, it may remain on the surface as depression storage and surface mois~ure to be 

evaporated back into the atmosphere. Alternatively, if infiltration is limited by either an intense 

rainfall event, soil infiltration capacity or high gradients, the surface water may flow over the 

earth's surface as surface run-off. Most surface run-off makes its way towards rivers and 

streams, and ultimately the ocean. Some run-off may enter the subsurface as transition Josses, 

some by abstraction and some by evaporation. Both stationary and moving surface waters may 

enter the subsurface by infiltration. Once these infiltrating waters pass the unsaturated zone and 
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reach the saturated zone it can be called groundwater. Groundwater re-emerges at the surface in 

the form of springs or baseflow where the groundwater table or piezometric surface of a water 

bearing zone intersects the ground surface or stream channels respectively. All the described 

processes are illustrated in Figure 27. 

PRECIPITATION EVAPORATION 

~ t 
SURFACE OVERLAND ~I 

FLOW ~ I 

EVAPOTRANSPIRATION ... 
I 
! 

I 
I INFILTRATION 

I 

"" 
. I 

I ! UNSATURATED 
~-I ZONE 

POTENTIAL l 
GRO~~g~t~~~ \ PERCOLATION 

1 

EVAPOTRANSPIRATION + 

~ 
~ 

~ 

SEEPAGE ~I 

... ~----~~----~, 

1· I BASE FLOW j 

I I I ~I 
L-I SATURATED i~ ... ---

I ZONE RECEIVED I 

I FROM 
CHANNEL 

EVAPORATION 

t 

! 

I TOTAL RUNOFF 
I ~ 

Figure 27. Simplified hydrogeological processes (adapted from Domenico and Sc~~artz, 

1990). 

The hydrological cycle is a dynamic and closed system which can be modelled by a simple 

water balance equation for a specified time period (Rushton and Ward, 1979): 

M=P-R-E 

where 

6.S = change in stored water or soil water replenishment [L] 

R = run-off [L] 

P = precipitation [L] 

E = evaporation (including evapotranspiration) [L] 
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The resultant water available, from eq. 4.1, as recharge moves downwards by the force of 

gravity through a number of subsurface zones to-waros the potential aquifer. The equation 

representing recharge is therefore: 

recharge = P - R - E ± M 

< 

4.2 

There are four possible means of recharge to groundwater. These are i) direct recharge through 

the soil profile, once the field capacity of the soil has been exceeded; ii) indirect recharge from 

run-off through surface or near surface fractures; iii) indirect recharge through run-off ponding; 

and iv) indirect recharge through transmission losses during river run-off and floodout (Lloyd, 

1986). Direct recharge is the only recharge process which involves exceeding the field capacity 

of the soil and therefore results in miCropore flow. The indirect processes require macropore 

flow to recharge groundwater when field capacity is not exceeded. 

The uppermost zone of unsaturated material is known as the vadose zone. This zone is partially 

filled with both air and water. Water found in the uppermost part of the vadose zone is called 

soil moisture and is the zone from where plants mainly extract water (Figure 28). Soil moisture 

is affected mostly by transpiration and evaporattQJ1 which cause. both an upwards movement 

by capillary action and by downward percolation by gravity. In porous materials, the 

intermediate zone separates the soil moisture zone from the saturated zone. In this zone,· the 

movement is controlled by gravity. Sometimes the intermediate zone may not exist in moist 

environments where plants can abstract water from the water table or may be more than 300m 

thick in arid environments (Davis and DeWiest, 1966). The capillary fringe is found at the base 

of the unsaturated zone. Capillary water is water held above the water table by surface tension. 

This surface tension-"is the attractive force exerted at the interface or surface between materials 

in different physical states, such as soil and water. The capillary fringe is saturated btlt exists at 

a pressure less than atmospheric pressure. The contact between the capillary fringe and the 

saturated zone is the water table and the pressure exerted is equal to atmospheric pressure 

(Figure 28). Below the water table all the openings in the rock or soil are completely saturated 

and under pressure greater than atmospheric pressure. 
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In fractured rock a slightly different situation exists as the zone below the soil moisture zone 

consists of temporarily, partially saturated jointed and fractured features above a discontinuous 

water table (Figure 28). The saturated zone, below··the unsaturated zone can be spatially 
" 

variable due to the movement of groundwater being restricted to zones of permeability which 

are not uniform through out the entire rock formation. 

Below the saturated zone in both porous and fractured media, groundwater is found in the 

unconnected pores or fractures respectively. At even greater depths, groundwater is not found 

in the interstices but is found in chemical combination with the rock. 
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Figure 28. Water profIle (modified from Domenico and Schwartz, 1990). 
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4.2. Aquifers, aquitards and aquicludes 

Not all saturated zones will yield usable amounts of groundwater. The occurrence of the 

saturated zones in many rocks is spatially variaple in terms of their hydraulic properties. It is 

often the porosity and permeability of the rock type that dictates whether the groundwater 

within a particular rock is economically usable. An aquifer occurs where there is a saturated 

geological unit which is capable of transmitting and yielding groundwater. in ~ustainable and 

economic quantities. Rock and soils which store but do not transmit groundwater in sustainable 

or economic quantities are called aquitards, or aquicludes when they are unable to both store 

and transmit groundwater. 

An aquifer may take the form of unconsolidated sediments, weathered rock or fractured 

consolidated rock. The ability of these materials to transmit water depends on their internal 

structure or interstices. Interstices are the void spaces in rock and sediment in which water may 
'- ..... -

be stored and/or transmitted. Primary aquifers are those thfQugb "Which water is transmitted_ in 

the original pores or interstices created contemporaneously with formation. These types of 

aquifers include unconsolidated sediments such as sand and clay, and rocks such as some 

sedimentary and igneous rocks with significant primary porosity. 

Secondary aquifers in which hydraulic characteristics are the result of post-formational 

processes which have acted upon the rock to induc_e interstices which previously did not-exist. 

Examples of these processes are tectonic deformation, weathering and ~nloading stresses. Most 

aquifers in South Africa fall into this category. 

Due to the nature of most aquifers, they cannot be assumed to be of infinite extent. There will 

be places where aquifers and aquitards laterally change or pinch out, are incised into by surface 

water channels, or are faulted. These features result in aquifers and aquitards being laterally 

bounded. 

4.3. Physical properties of porous media 

The following section describes the inherent physical properties of geological materials which 

determine their water storage and water-bearing capabilities. 
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4.3.1. Porosity 

The porosity of a material is determined by the ratio of the volume of void space to the total 

volume of material, _ which includes voids and ·solids. It is the property of porosity that 

determines the ability of an aquifer to store groundwater. 

A material with a high porosity may not necessarily have a high permeability. This is the case 

if the pore spaces are not interconnected, such as some porous basalts, or where the pore spaces 

are interconnected but are also very small, such as clays. Effective porosity is the portion of 

porosity that affects the permeability of the material and is defined as the fraction of 

interconnected pore spaces within the material which transmit groundwater, as opposed to total 

porosity which does not take into account pore connections. 

In primary, mainly unconsolidated, aquifers the major factors affecting porosity are the packing 

of the grains, their shape, arrangement, sorting, size distribution..;,..and the degree of cementation. 

In igneous and metamorphic rocks, small cavities or inclusions within crystals and sma~l inter-

crystal spaces are controlling factors of primary porosity. ~-. 

Secondary porosity develops in materials whiclLhave been subjected to secondary processes, 

such as shrinkage, mineralisation, unloading, solution, fracturing, weathering, deformation and 

igneous intrusion. Successional unconformities between different rock types are also the site of 

potential porosity where voids have been left after weathering and prior to deposition of the 

following formation. Generally, secondary porosity is developed by the same processes which 

have resulted in the formation of secondary aquifers. Typical porosity types are shown in 

Figure 29. 

4.3.2. Permeability and hydraulic conductivity 

The degree of connectivity of pores in rock and soil affects the permeability (k) of that 

material, i.e. the ease with which fluid can move through the material. Other factors affecting 

permeability are particle-size distribution, shape and orientation of particles, pore size and 

degree of saturation. Permeability is therefore a function of the medium alone. 
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The unit of measure of permeability is the darcy, with the dimension of [L 2 
]. One darcy is 

defined as the permeability required to obtain a specifiC discharge of 1 cmls for a fluid with a 

viscosity of 1cp under a hydraulic gradient that makes the term Qg ch/cl equal to 1 atmlcm 

(Freeze and Cherry, 1979). One darcy approximates to to-8cm2
• 

Figure 29. Interstices in rocks and the relation of texture to porosity. (a) well-sorted 
sedimentary deposit with high porosity; (b) poorly sorted sedimentary d_eposit with low 
porosity; (c) well-sorted sedimentary deposit consisting of pebbles that are themselves 
porous, so that the deposit as a whole has a very high porosity; (d) well-sorted 
sedimentary deposit whose porosity has been decreased by mineralisation in the 
interstices; (e) rock rendered porous by solution; (t) rock rendered porous by fracturing 
(after Meinzer, 1942). 

Another property which is similar to permeability is hydraulic conductivity (K) with the 

dimension of [LIT]. Hydraulic conductivity is defined as the permeability of the medium to 

water or rate of water flow through a cross-section of one square metre under a unit hydraulic 

gradient at 20°C (Davis and De Wiest, 1966). This reflects the properties of both the medium 

and the fluid, whereas the permeability reflects the l?roperties of the medium only. The ranges 

of permeability and hydraulic conductivity for various materials is given in Figure 30'. 

When hydraulic conductivity is uniform in all directions, the material is termed isotropic. In 

most cases rocks and soils are anisotropic, that is they have a directional quality of 

permeability. Structures that may cause anisotropy may be foliation or schistosity in 

metamorphic rocks, cooling cracks in igneous rocks, bedding planes in sedimentary rocks, clay 
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lenses in sandy materials, fractures and joints. Other factors influencing anisotropy include the 

orientation of the structures and pressures exerted by overlying materials . 

. -
~ 

Unconsolidated 
Rocks deposits k k K K 

(darcy) (cm2) (cm/s) (m/s) 

I 

- 10 5 _ 10-3 10 2 :- 1 

11 
- 10' 10" 10 c- 10-' 

I 

'- 10 3 ~ 10-5 1 10-2 
1 

a) 
I
J 10 2 10-6 ~ 10-' 10-3 c~ 0 ,H ......, en 

~~ 
10 10 -7 ~ 10-2 10" -~~-Oi ........ CtJ> 

~ ~ 
ro 8 (/l(,) ~ 10-8 - 10-3 10-5 ~ ..... ::::Ie I (/l i 1 

!4al~ ~ I 

, c.c: U5-
I CD... 10-' 1-0-:" 10" 10-6 I ._~ 

1~~-gL 

j 
(/l 

~I L;,..-
~eo Oi 10-2 ~ 10 -10 10 -5 ~ 10-7 (,)r ue -I 

J: E§ -' -I 
=1 

i 

I~ 
(/)! 

-10-3 10-" 10-6 ~·1 0-8 , E 
~ :.;::::; 

~ cO 
I 

! ·u - 10" i-- 10 -12 10-7 ~ 10-9 

! :-oL~ 
l I 

i ~eo I - 10-5 ~ 10 -13 10-8 - 10-'0 

-0, J£g I ci eo t:: I -or0t3 ~ a>e I 10-6 10 -I' 10 -9 - 10-11 
~~e :3: eo 1 =, cE 1 
u~ ~, 

~oo ! ' 1 
10-7 10 -15 10-'0 10-'2 '-Ea> ceoc 

'1r 10-8 10 -16 - 10-" 10-'3 

I 

Figure 30. Range of values of permeability and hydraulic conductivity 
(from Freeze and Cherry, 1979). 

An aquifer is considered homogeneous if the permeability is spatially uniform in both the 

vertical and horizontal directions within the aquifer. Heterogeneous materials, on the other 

hand, are those which do not conform to homogeneous materials. As truly homogeneous 

conditions are rare, a number of different heterogeneous conditions have been described by 

Freeze and Cherry (1979). These include trending heterogeneity which refers to a pmgressive 

change in hydraulic conductivity within a particular lithology over distance. This situation 

develops, for example, in sedimentary rocks where abrupt or transitional facies changes occur. 

80 

-, 



Where contrasting hydraulically conductive materials are found due to changes in depositional 

environments, such as interlayered shales and sandstones, layered heterogeneity prevails. 

Fractured rock offers a discontinuous heterogeneity by its contrasting hydraulic conductivity as 
" 

the fractures provide preferential flowpaths within the surrounding rock of much lower 

hydraulic conductivity. Changes in permeability caused by lenses of clay within sands or zones 

of weathering within crystalline rock also give rise to discontinuous heterog~neity. 

Transmissivity is the aquifer characteristic that is commonly used to describe the rate at which 

a volume of water of the prevailing kinematic viscosity is transmitted through a unit width over 

the whole thickness of an aquifer under a unit hydraulic gradient [L2rr]. Simply, the 

transmissivity of an aquifer is the vertically integrated hydraulic conductivity or permeability 

of the aquifer over the saturated thickness of the aquifer. 

4.3.3. Fracture flow 
" 

Fractures are features which form as a function of the rock's tectonic history and competency. 

The term encompasses both joints and faults. Fracturing generally occurs when the 

development of cracks causes loss of the origina} cohesion (HojJbs et al., 1976). A fault is a 

fracture where displacement has taken place. After fracturing or faulting, the parting may be 

filled with secondary mineralisation such as calcite, pyrite, quartz or fault breccia. The -type of 

tectonic forces, be they compressional or tensional, will influence the water-bearing properties 

of fractures. Tensional forces within the earth's crust are the most likely to produce open 

fractures, while compressional forces will tend to close fractures. 

Groundwater flow in fractured rock is primarily through the interconnected fractures in the 

rock mass with the flow in the unfractured rock mass being much less. It is the fracture 

properties of orientation, density, aperture opening, smoothness of fracture walls and degree of 

connectivity which ultimately determine the transmissivity of a fractured aquifer. 

Fractured rock is often considered to be a mUlti-porous medium (Kruseman and de Ridder, 

1991). Essentially, there are two components of fractured rock mass, the matrix block and the 

fractures (Figure 31). The matrix is usually impermeable or of low permeability but has a 
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higher capacity for storage, whereas the fractures usually have a low storage capacity but a high 

hydraulic conductivity. 

." ~ 

Figure 31. Fractured rock concept of broken rock mass, ofirregular size and shape, by 
fissures (from Boulton and Streltsova, 1977). 

4.3.4. Approaches to flow in fractured rock 

The conceptualisation of groundwater flow in fractured rock follows either the cOIltintlUm or 

discontinuum approach. The continuum approach assumes that the fractured mass is 

hydraulically equivalent to a porous medium, while the discontinuum approach assumes that - -~ 

the conditions for a continuum approach do not exist and therefore treats flow through 

individual fractures or fracture sets separately (Domenico and Schwartz, 1990). 

By assuming a continuum approach, Darcy's law which was developed at a macroscopic scale 

in a porous medium can be applied without needing to evolve any new theories. The 

macroscopic scale is defined as the representative volume of material that contains a statistical 

average of a hydraulic property which smoothes out microscopic variations resultant from flow 
-> 

variations in individual pores or fractures (Domenico and Schwartz, 1990). ~o achieve 

macroscopic conditions in fractured rock, a small volume of the aquifer cannot be sampled as it 

will be entirely made up of either fractures or else solid rock, a large volume will contain both 

fractures and solid rock of different proportions. As the volume of rock changes, at a certain 

point spatial homogeneity may be achieved. Figure 32 illustrates how it possible to obtain a 

representative volume at several scales. On the other hand, it may not be possible to obtain a 

representative volume for fractured rock at all. If this is the case, the flow within each fracture 
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needs to be described. This requires characterising all aspects of the fractures and taking into 

account possible turbulent flow and variations of hydraulic conductivity. 
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Figure 32. Schematic definition of a representative elementary volume as applied to 
fractured rock (adapted from Domenico and Schwartz, 1990). 

4.4. Hydraulic response of porous media 

Once the physical properties and dimensions of porous media have been established it is 

important to determine the aquifer's hydraulic properties in order to quantify its response to 

induced stress. Primarily, it is micro-geology and hydraulic conditions which control the 

properties of aquifers. 
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4.4.1. Hydraulic head 

Differences in elevation and hydraulic pressure cause groundwater to move from levels of .. ~ 

higher energy to levels of lower energy. The eliiergy per unit weight of fluid is referred to as 

hydraulic head. The position of the hydraulic head at any point in the saturated zone is defined 

by the Bernoulli equation: 

p v2 

gz + - + - = constant 
. Pw 2 

where 

g = acceleration due to gravity (MIL3
) 

z = elevation at the base of the piezometer (L) 

P = pressure exerted by the water column (MIL2) 

Qw =.fluid density (MIL3
) 

'V = velocity (Ltr) 

4.3 

This equation states that under conditions of steady flow, the total energy [etr2
} of an 

incompressible fluid is constant at all positions along a flow path in a closed system (Domenico 

and Schwartz, 1990). If the equation is divided by g, the three terms of the equation are referred 

to as elevation head, pressure head and velocify head respectively with units of [L]. The 

elevation head simply represents the elevation at the base of a measuring piezometer above a 

datum. It therefore represents the work required to increase the elevation of a unit weight of 

water from the datum to the elevation of the piezometer base. The pressure head represents the 

work that a fluid is capable of doing because of sustained hydraulic pressure related to the 

height of the column of water above the measuring point. The sum of the elevation and 

pressure head is called the total head, hydraulic head or potential energy due to fluid motion. 

The third term, velocity head, is so small due to slow groundwater velocities that it can be 

ignored (Domenico and Schwartz, 1990). Hydraulic head is therefore a response to physical 

conditions. An increase in hydraulic head is usually a result of increased storage or changes in 

response to increases in pressure head. 

The position of the static water level or hydraulic head relative to the upper vertical boundary 

of the aquifer is another method of classifying aquifers. When the static water level forms the 

upper boundary of the aquifer, it is termed unconfined. This means that the water is in direct 
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contact, vertically, with the atmosphere through open spaces in the overlying material. The 

water table or phreatic surface is therefore unimpeded by overlying materials and is free to 

fluctuate. In other words, this surface can be definad as the surface of atmospheric pressure 

(Todd, 1980). Where groundwater is confin~d under pressures significantly greater than 

atmospheric pressure by a layer of distinctly lower permeability than the material in which the 

water occurs, the aquifer is called a confined aquifer (Vegter, 1995). Due to the confining 

pressures, the hydraulic head in the piezometer will be above the upper vertical aquifer 

boundary. The piezometric surface is defined as an imaginary surface coinciding with the 

hydraulic head in the aquifer (Todd, 1980). Artesian boreholes result when the piezometric 

surface of the borehole occurs above the ground surface. This could be due to confining 

pressure resulting from the borehole being hydraulically connected to its recharge area, which 

occurs at a greater elevation than the top of the borehole. 

A unique type of confined condition contributes to another type ~of aquifer, called a semi-- ~ 

confined or leaky aquifer. A leaky aquifer will occur vertically adjacent to an aquitard, from 

which water moves downwards into the aquifer given sufficient hydraulic gradient between the 

two formations. The piezometric surface will, similarly to confined conditions, occur above the 

upper vertical aquifer boundary. 

Perched water tables are often encountered above clayey or heterogeneous materials and can be 

confused with the regional water level in shallow boreholes. These perched conditions occur 

when infiltrating water encounters a relatively impermeable layer which impedes drainage. 

This layer can be a clay layer or an impervious rock which acts as a discontinuous aquiclude. 

Percolating water will be trapped above the aquiclude resulting in a local zone of saturation 

bounded by unsaturated conditions. The perched water is not in hydraulic continuity with other 

ground or surface waters, although overflow into the aquifer or emergence as a spring below 

can occur. Conditions that are favourable for the formation of perched water tables are high 

infiltration rates and large variations in vertical permeabilities. The period of time that the 

water will remain perched depends on the permeability and thickness of the impermeable layer, 

the ability of the aquiclude to retain water and recharge conditions. Due to the shallow nature 

of perched water, it is easily polluted and not sustainable in terms of water supply because of 

its limited extent. 
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4.4.2. Storativity 

The piezometric behaviour of confined and unconfined aquifers differs due to their different 
.' ~ 

responses to the release of groundwater fromc storage. In confined aquifers, a reduction in 

hydraulic head does not necessarily dewater the pore spaces, provided the water level remains 

above the top of the aquifer. Instead, when groundwater is released from storage the 

piezometric response is related to the compaction of the entire saturated thicKness of the aquifer 

caused by a decrease in effective stress and the expansion of water caused by decreasing fluid 

pressure (Freeze and Cherry, 1979). The amount of water released from storage per unit drop in 

hydraulic head will therefore be related to the coefficient of expansion of water and the 

coefficient of compressibility of the material. The storativity of confined aquifers is defined as 

the volume of water that the aquifer releases from storage per unit surface area of aquifer per 

unit.decline in the component of hydraulic head normal to that surface (Freeze and Cherry, 

1979). Specific storativity in confined aquifers is defined as the volume of water released from 

storage per unit volume of the aquifer per unit decline in the piefometric head. 

Unconfined aquifers release groundwater from storage through dewatering of the pore spaces 

in addition to the process described above (Freeze and Cherry, 1979). The storativity of 

unconfined aquifers, also known as specific yield~~ is the volume of water released from storage 

per unit area per unit decline in the water table (Kruseman and de Ridder, 1991). SinceI:0!osity 

controls the storativity of unconfined aquifers, their storativity is higher than that of confined 

aquifers (Freeze and Cherry, 1979). Table 20 presents values of specific yield for different 

unconsolidated materials. The storage coefficient or storativity (S) of an aquifer is 

dimensionless, as it involves a volume of water per volume of aquifer. 

Table 20. Typical values of specific yield for unconfined aquifers 
(adapted from Kruseman and de Ridder, 1991). 

MATERIAL SPECIFIC YIELD% 
gravel 23 - 25 
sand 23 - 27 
silt 8 
clay 3 

dune sand 38 
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4.5. Geochemistry of natural groundwater 

The quality of groundwater found in aquifers dep~nds on a number of factors which all playa 
!-

significant role in the development of its gebchemistry. Firstly, the geochemistry of the 

groundwater depends on the recharge water. These recharge waters could be precipitation, 

surface waters or sea water. Secondly, the subsurface chemical processes which act upon the 

groundwater as it moves through soils and rock will have a large impact on the groundwater 

quality. Essentially, this natural movement of groundwater increases the amount of dissolved 

solids within the unsaturated and saturated zones. Chemical processes in primary aquifers are 

usually more effective owing to the greater contact times resulting from the large surface 

contact area and lower flow velocities. In contrast, secondary aquifers only allow contact in the 

secondary features which decreases the overall effectiveness of chemical processes. 

The chemical processes occurring within the unsaturated zone down to the saturated zone will 

be described in the following section as these cover the majority of process affecting water as it 

moves from the surface to the aquifer and within the aquifer itself. 

4.5.1. Geochemical processes 

4.5.1.1. Geochemical processes in the unsaturated zone 

The processes occurring in the uns_aturated zone are mainly mass transfer processes that 

influence the concentrations of minor and major ions and organic compounds in groundwater. 

The processes of gas dissolution and redistribution of CO2 in the unsaturated zone are 

important since theY-,cause a decrease in pH (hydrogen ion concentration), thereby making the 

water chemically more aggressive. This decrease in pH will subsequently cause an increase the 

total carbonate content of infiltrating waters. Dissolution occurs by water dissolving CO2, 

which occurs in the soil at partial pressures greater than atmospheric pressure. 

The dissolved CO2 in infiltrating water has the effect of causing weak acid reactions on 

carbonate and silicate minerals and strong base reactions from the dissolution of carbonate, 

silicate and aluminosiIicate minerals. The ultimate result is that alkalinity and cation 
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concentrations increase. The dissolution of another gas, 0z, results in sufficiently large amounts 

of dissolved oxygen to initially control the redox chemistry (Domenico and Schwartz, 1990). 

< 

The solubility of many minerals is dependent on oxidation and reduction reactions. These 

reactions are unlike most other processes, in that they are mediated by micro-organisms which 

act as catalysts (Domenico and Schwartz, 1990). The presence or absence of free oxygen in 

water determines whether oxidising and reducing conditions will occur. Above the water table, 

generally, oxidising conditions are found. Once oxygen is in contact with minerals it becomes a 

powerful weathering agent, which is aided by a warm and humid climate. Many oxidised 

elements become increasingly soluble and thus mobile in the water. The oxidising process 

generally ceases near the water table (Matthess, 1982), although oxygen bearing groundwater 

can extend to greater depths. In the presence of oxygen-consuming baCteria, the oxygen content 

in the water will decrease depending on the oxygen demand of the bacterial species (Matthess, 

1982). 
- ~ 

Reducing conditions have been found to occur when the oxygen content of the water reaches 

0.7 - 0.01 mg Oil at 8°C (Matthess, 1982). However, field observations show that the 

transition from oxidising to reducing conditions is,much broader.j3chwille and Vorreyer (1969) 

have found that groundwater from reducing conditions has in addition to an absence or reduced 

oxygen content, higher HzS, N02- and NH/, a reduction in sulphate and an absence of -nitrate. 

The oxidation of sulphate minerals such as pyrite in the unsaturated zone is an important redox 

reaction which produces acid. 

Groundwater containing solutes will- interact with organic and inorganic adsorbents. Active 

surfaces for adsorption exist on dissociated and undissociated organic and inorganic dissolved 

solids. Adsorption can take place through the weaker Van der Waals forces, or through the 

stronger covalent bonds. If an absorbent is covalently bonded, the minerals can become fixed 

into the crystal lattice. Materials which act as adsorbents are clays, hydrous iron, and 

manganese and aluminium oxides and organic substances such as humus. Rock-forming 

minerals which are adsorbents are mica, feldspar, aluminous augite, hornblende arid fine 

quartz. Most fine-grained rocks, due to their larger surface areas, adsorb more effectively than 

coarse-grained rocks (Matthess, 1982). Generally, divalent ions displace monovalent ions, 
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although, if monovalent ions are in greater abundance they will displace the divalent ions 

(Davis and DeWiest, 1966). This process of ion exchange is also reversible. Davis and 

DeWiest (1966) describe the relative ease of exclpngeability of cations or the increasing 

affinity for adsorption by the series: 

Lt> Na+ > K+ > Mgz+ > Caz+ > Srz+ > Baz+ 

It has been found that anion exchange is not as important as cation exchange. 

An example of one of the typical exchange reactions is where dissolved Caz+ and Mgz+ are 

exchanged with Na+ bounded on clayey materials. Minerals which have high exchange 

capacities are zeolites, vermiculite and montmorillonite clays. High exchange capacities are 

also possessed by humus and roots of living plants (Davis and De Wiest, 1966). 

The unsaturated zone in most profiles always has some organic content which together with the 

inorganic materials, reacts with the infiltrating water. Of importance is that organic substances 

have a highly variable solubility which is affected by a number of factors. On the ground 

surface organic debris can be leached by dissolution, this process is one of the majocsources of 

dissolved organic carbon (DOC) in groundwater. The concentration of DOC will be greatest at 

the source and decrease with depth through sorpj~on and oxidati2n. Typical organic substances 

are humic acids, tannins, lignins, amino acids and phenolic compounds. These substances can 

also influence the mineral mobility of metals by complexation. Sorption of hydrophohiG non-
-

polar organic molecules within the unsaturated zone results in many. dissolved organic 

compounds having low mobility. These molecules tend to partition preferentially into non­

polar environments provided by small quantities of solid organic matter (Domenico and 

Schwartz, 1990). The net result of this process is to reduce the amount of DOC that would 

normally would haye been produced by dissolution. Another common process involving 

organics is through biodegradation or oxidation by- microbiological catalysts in shallow soil 

environments, where the organic compounds react with oxygen to produce simpler inorganic 

compounds such as COz, and HzO. 
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4.5.1.2. Geochemical processes in the saturated zone 

The chemical reactions occurring within the saturated zone are similar to those occurring in the 

unsaturated zone. The main reactions are those of weak acid-strong base, dissolution, redox and 
1-

cation exchange. The major difference between <the two environments is the larger amount of 

water available in which the reactions can take place. 

Contact between groundwater and the surrounding rock causes minerals to go into solution or 

alternatively cause precipitation of minerals from the groundwater into rock cavities or porous 

spaces. Rock forming minerals may dissolve due to chemical weathering through dissolution, 

decomposition and hydration. These processes can be enhanced by the presence of inorganic 

acids and an increase in temperature. Dissolution and precipitation are mainly controlled by pH 

and Eh (redox potential). 

The most important soluble salts in rocks include CaC03, CaCG3.MgC03, MgC03, NaCI, 
, -

CaS04 and CaS04.2HzO. Therefore the most important ions in groundwater are Caz+, Mg-2+, 

Na+, Cr, SOtand HC03-. These all show variability in solubility depending on pr~ssure, pH, 

Eh, temperature of formation and other factors. 

Surface recharge water can bring oxygen down into groundwater. Schoeller (1962) revealed 

that oxygen may also be transported into the groundwater by the charges on the ions- Fe3+, 

Mn3+, sot, H+, and Fe(OHh Oxygen may then react with various minerals to result in a redox 

reaction which can produce gases, weak acids and water. 

Ion exchange is another important process of geochemical evolution in the saturated zone. The 

process has, however, been described in the section dealing with the unsaturated zone. 

4.5.2. Classification by geochemistry 

During the processes of the hydrological cycle, groundwater chemistry evolves along its flow 

path. The chemical constituents within the groundwater offer a relatively easy method of 

classifying the water. If the source or path of the groundwater is known, an estimate of the 

probable geochemistry of the groundwater can also be made. 
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4.5.2.1. Classification by origin 

A genetic classification i.e. classified on the ba~is·· of origin, will usually give an indication of 

the geochemistry of the groundwater. 

Cyclic or meteoric water is groundwater which originates from the infiltration of atmospheric 

wllter into the unsaturated and saturated zones. The quality of this water is generally controlled 

by the input water and the host rock as discussed in section 4.5.1. 

Connate water is water that has been out of contact with the atmosphere since the formation of 

the aquifer. This type of groundwater includes water that has been incorporated into sediments 

duri~g deposition. Another type of ancient water, and less commonly found is water that has 

been associated with rocks during their metamorphism. Juvenile ~water includes, magmatic 

water which is water that has been derived from a magma,' v(}icanic water which is released 

from magma at shallow depths, and plutonic water which is derived from magma at great 

depths. 

Deep waters are often strongly mineralised due'"to (i) long residence times; (ii) salts in the 

subsurface taken into solution; (iii) the resultant brines having a high density and thus lie 

beneath less dense groundwater. 

4.5.2.2. Classification based on dissolved constituents 

All waters contain dissolved minerals in varying amounts. Due to the longer contact times 

groundwater has with rocks, it contains higher concentrations of dissolved components as 

compared to surface water. The degree of salinity in groundwater depends on the specific 

surface area of the aquifer matrix, the solubility of its component minerals, geochemical 

conditions and the duration of the contact. Major geological and other natural sources of the 

main dissolved constituents are shown in Table 21. 
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Table 21. Natural occurrence of common solutes in groundwater (Bowen, 1986). 
<::;ONSTITUENT ....... TERRESTRIAL SOURCES 

J 

silica feldspars, ferromagnesian -and clay minerals, amorphous 
silica, chert and opal .- .. 

iron igneous rocks: amphiboles, ferromagnesian micas, FeS, 
FeS2 and magnetite, Fe30 4 

sandstone rocks: oxides, carbonates, sulphides or clay 
minerals 

manganese arises from soils and sediments - -

metamorphic and sedimentary rocks and mica, amphibole 
hornblende minerals 

calcium amphiboles, feldspars, gypsum, pyroxenes, dolomite, 
aragonite, calcite, clay minerals 

magnesium amphiboles, olivine, pyroxenes, dolomite, magnesite, clay 
minerals 

sodium feldspars (albite), clay minerals, evaporites, NaCI 
potassium feldspars. (orthoclase, microcline7, -some mIcas, clay 

minerals 
-. 

carbonate limestone, dolomite 
bicarbonate limestone, dolomite 

... 
~-

sulphate oxidation of sulphide ores, gypslni:r;-anhydrite 
chloride sedimentary rocks (evaporites), a little from igneous rocks 
fluoride amphiboles (hornblende), apatite, fluorite, mica ,,--" 

nitrate atmosphere, legumes, plant debris, animal excrement 

A classification based on chemical compositiOn, involving tfie fraction of dissolved ions 

described as a percentage of equivalents per million of the anions and cations (meq%) is 

commonly used to classify the groundwater. A trilinear Piper diagram is best used to depict the 

characteristic of the groundwater based on it's dominant ions. 

Four broad classes of water are used to describe the dominant ions (Figure 33): 

i) calcium bicarbonate (Ca, MgIHC03, C03) water characterises recently recharged or 

dolomitic groundwater; 

ii) sodium, potassium bicarbonate water characterises alkaline groundwater in arid, sandy or 

crystalline areas; 

iii) calcium, sodium, chloride water occurs less commonly as it characterises brines from 

extreme evaporitic environments; and 

iv) sodium, calcium, magnesium, chloride, sulphate water characterises dissolution 

environments in mainly arid to semi-arid areas. 
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Figure 33. Hydrogeological classification for natural groundwater using a trilinear 

diagram. 

4.5.2.3. Classification on the basis of use 

This classification relies on the groundwater's suitability for human, domestic, industrial and 

agricultural use. VirtJIally every country has developed ranges of allowable/permissible levels 

of each physical, chemical and biological constituent in water, depending on the use, In South 

Africa, the DW AF have published a series of water quality guidelines for each of the 

recognised users (DWAF, 1993a). In addition to these guidelines the Institute of Water Quality 

Studies (IWQS) has drawn up a classification system for the assessment of the suitability of 

borehole water for potability (DWAF, 1996). The IWQS classification (Table 22) is based on 

the possible effects the various concentrations will have on human health, with the following 
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characteristics generally described as desirable in potable water: clear, transparent, colourless, 

odourless and constant temperature. 

Table 22. Classification for the assessment ofthe suitability of borehole water for potable 
use (DW AF, 1996). 

, , 
.. CONSTITUENT ',,- CLASS 0 CLASSI.", CL~SS II", • OLASSIII 

total dissolved solids 0-450 450 -1000 1000 - 2450 >2450 
electrical conductivity (mS/m) 0-70 70 - 150 150 - 3/0' > 370 
nitrate plus nitrite as N 0-6 6 - 10 10 - 20 > 20 
fluoride 0-1.0 1.0 - 1.5 1.5-3.5 >3.5 
sulphate 0-200 200 - 400 400 - 600 > 600 
magnesium 0-30 30 -70 70 -100 > 100 
calcium 0-32 32 32 - 80 >80 
potassium 0-50 50 - 100 100 - 400 >400 
sodium 0-100 100 - 200 ,200 - 400 >400 
chloride 0-100 100 - 200 200 - 600 > 600 
pH 'pH units) 6.0 - 9.0 5.0 - 9:5 4 - 5 or 9.5 - 10 < 4 or > 10 
iron 0-0.1 0.1 - 0.2 --, .Q.2 - 2.0 > 2.0 
manganese 0-0.05 0.05 - 0.1 - ~~ 0.1 -1.0 > 1.0 
zinc 0-3 3-5 5 -10 > 10 
arsenic 0-0.01 0.01 - 0.05 0.05 - 0.2 ,>"0.2 

',' 

cadmium 0-0.005 0.005 - 0.01 0.01 - 0.02 > 0.02 
faecal coliforms (counts/100mI) 0 0-1 1 - 10 >10 
Note: all units of measurement are in mgll, unle.ss otherwise sta~d. 

Class 0 water is classed as ideal drinking water, suitable for life time use. The values are 
essentially the same as the target water quality gtiideline range in the South African-Water 
Quality Guidelines for Domestic Use. , 

Class I water is still safe for life time use, however some mild health effects may, in very rare 
cases, occur. There may also be some aesthetic effects. 

Class II water is allowable for limited short term or emergency use. Health effects may be felt 
more commonly, as fompared to Class I, especially by those who are long term users of the 
water. Therefore, it is not recommended that the water be used continuously for life. This is the 
only class in the guideline which is not specific in terms of the exact duration that the 'water can 
be used for. It states that it can be used for short term use, but does not define what length of 
time 'short term' refers to. 

Class III water will cause serious health effects. Particularly in infants and elderly people. Use 
of this water is not recommended for drinking purposes without adequate treatment. 
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4.6. Microbiological considerations 

In rural areas where sanitation problems are common, the effect of micro-organisms in 

groundwater can be important. Micro-organisms bewnging to other habitats generally do not 

survive for long in groundwater. This is simply because the conditions do not meet their 

requirement for survival. Micro-organisms include most pathogenic microbes and indicators of 

faecal pollution (Escherichia Coli). In Europe, an underground travel time of 50 to 70 days is 

sufficient to eliminate harmful effects of micro-organisms. Lewis and Foster (1980) thought the 

European travel time to be too conservative and opted for a travel time of ten days under 

normal hydrogeological conditions. Fractured rock and very coarse, gravely deposits with high 

transmissivities are particularly susceptible to contamination due to high flow velocities, 

especially when soil cover is lacking. It has been found that infectious Hepatitis Epidemia virus 

from subsurface percolation had moved up to 200m through an -aquifer (Schinzel, 1968). It has 

beeI1 suggested by Xu and Braune (1995) that in South Africa's semi-arid climate, where 

temperatures are far higher than Europe, a travel time of 30 days be tentatively adopted, and 
~ ~ ~ 

that further investigation be conducted. It must be borne in mind that the distance travelled by 

any substance is always primarily dependent on the permeability of the material through which 

it is moving. 

Since viruses are smaller than other micro-organisms, such as bacteria, they are transported 

further in the subsurface and therefore an absence of bacteria will not mean the non-occurrence 

of viruses. On the other hand, laboratory tests have shown that viruses tend to be easily 

adsorbed onto clayey and silty particles which limit their distribution (Matthess, 1982). 
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5. GROUNDWATER RESOURCE EVALUATION 

In order to utilise a potential groundwater resource it is necessary to establish the optimal site 
5>. ~ 

for abstraction. Together with a knowledge of the probable occurrence of groundwater in the 

area, exploration is needed to target the most likely site to produce the required groundwater. 

Development of the source is then necessary to realise its full potential. Incorrect development 

techniques can have a dramatic effect on the performance of the groundwater resource. Once 

the resource has been identified and developed sufficiently, it needs to be quantified or 

evaluated so as to ensure that enough groundwater of acceptable quality exists and that the 

source will be utilised in a sustainable manner. 

5.1. Exploration 

5.1.1. Desk study 
- -

Before a detailed hydrogeological investigation· in the field is planned and conducted, it -is 

beneficial to gather all available geological, hydrological and historical information,regarding 

the area to be investigated. The objective of the desk study is to identify water-bearing 

formations, potential target features, information which must be collected in the field and 
~ -

identify past problems. The examination of topographical and orthophoto maps, 1 : 250 000 

published geological maps, existing hydrogeological reports, 1 : 500 000 hydrogeological 

maps, aerial photographs, satellite images, rainfall-records and existing borehole records will 

all provide valuable preliminary information regarding the hydrogeology of the area of interest. 

Prior to field work it is important to familiarise oneself with the topography, land forms and 

geomorphology of the area to be investigated. Topographical maps at a scale of 1 : 50 000 or, 
-> 

better still, orthophotographs at a scale of 1 : 10- boo should be studied with a view to 

identifying the probable groundwater catchments and geological and structural features that 

could be related to groundwater occurrence. Additional significant information, which will be 

of use during the investigation, such as access and existing infrastructure can also be gathered. 

Initially, geological maps will indicate the stratigraphy, geological structures and lithology to 

be encountered. This knowledge, together with previous experience, will enable the 
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investigation to be confined to the most promising areas in terms of the occurrence of 

groundwater. If the DWAF's hydrogeological maps are available (DWAF, 1992), it will be 

possible to glean some useful information regarding., hydrolithology and the probable yield of 

successful boreholes. It must be noted that these maps are at a 1 : 500 000 scale, which 

although are not suitable for actual borehole siting, do illustrate a regional perspective of the 

occurrence of groundwater. 

Another useful tool to use in the desk study, is a thorough examination and interpretation of 

aerial photographs through stereo pairs. Coverage of most of KwaZulu-Natal is available from 

the Surveyor General. It is also possible, at a cost, to have an area flown in order to capture the 

latest aerial situation. This last option is not really necessary for hydrogeological purposes due 

to geological structures only changing over millions of years, as ·compared to infrastructure, 

vegetation and human activity which is constantly evolving. 

The purpose of aerial photograph interpretation is to identify surface lineaments which could be 
-~'.-

related to geological features. A geological structure defined by a lineament on an aerial 

photograph could either be a fracture zone, a fault line, an intrusive dyke or a lithological 

contact of dipping strata. These features are all r~garded as poteutial targets for the location of 
.. 

groundwater and should be transferred to field maps for confirmation during the field 

investigation. It must be noted that it is also possible to identify fences, farm boundaries, 
-

vegetation lines and roads as linears .. Satellite imagery has also found a place in groundwater 

exploration to aid in tracing large scale regional structures, which could be otherwise missed in 

aerial photograph interpretation. Images can be obtained from the CSIR in Pretoria. 

Data on previously qrilled boreholes in the vicinity of the area of interest should be examined 

in order to get a feel for the type of aquifers likely to be encountered, the probable '<}uality of 

the groundwater, and an estimate of the depth of water strike, static water level and yield. The 

best source of existing borehole data is from the Directorate Geohydrology of the DW AF. This 

Directorate is the custodian of groundwater data for South Africa, which is housed in the 

National Groundwater Data Base (NGDB). If the particular boreholes that are required have 

not yet been entered onto the data base, the regional office of Geohydrology usually will be 
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able to assist in providing a contact person who would know more details regarding the 

boreholes. 

At the time of writing this thesis, the Water Law was under review and is expected to result in a 

new promulgated Water Act by 1998 (pers comm. DWAF, 1996). One of the expected changes 

of the Water Act is the change in status of groundwater from private water to public water. This 

will give the Directorate Geohydrology greater control over the drilling of boreholes, the 

abstraction thereof and the acquisition of borehole data. Until this time, it is not compulsory to 

forward borehole data to the DW AF, but for obvious reasons it is necessary if the NGDB is to 

be utilised to its full potential by all users. 

5.1.2. Field mapping 

After completion of the desk study, it is possible to commence with the field mapping and 
-~ . ..... 

geophysical work. It is essential that field mapping is carciedc:.OUt in order to obtain a more 

detailed plan of the area to be surveyed. Due to the relatively small scale of the 1 : 2,~0 000 

geological maps, not all geological features relevant to the exploration of groundwater may be 

depicted. To obtain further information regarding localised features such as lateral lithology 

changes, fracture zones, joint patterns, minor fatllts, concealed dykes and depth of weathering, 

the area must be mapped in detail. The resulting map is best described as a surface 

representation of the geology and the features assocjated with groundwater occurrence, in other 

words a hydrogeological map. If the field mapping and existing bor~hole data reveal some 

information related to geology and structure at depth, a three dimensional conceptual model of 

the site can be formulated. This type of detailed mapping will better enable the hydro geologist 

to visualise the hydrogeology and ideritify the best possible groundwater targets. 

5.1.3. Surface geophysics 

Following field mapping it is usually necessary to undertake geophysical investigations with 

the objective of supplementing the field maps, verifying subsurface structures obtained from 

aerial photograph interpretation and/or geological observations and ultimately to provide the 

hydro geologist with a reliable tool for assisting to pin-point the exact location for drilling. 

Geophysical methods are techniques which measure the physical properties of the earth's 
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materials, such as density, electrical conductivity, magnetic susceptibility and electrical 

potential. Their purpose in hydrogeology is to locate, a physical subsurface anomaly which 

represents a feature most likely to store and transJIlit groundwater. If contrasts in geophysical 
~ 

properties are small, the results will be of little value. The principal geophysical methods used 

in groundwater exploration are described in the following sections. 

In using geophysics, the best results are often obtained when more than one geophysical 

method is used. For example, magnetics is often used in conjunction with either 

electromagnetics or electrical resistivity as confirmation of anomalies. It is also advisable that 

once drilling commences, the drilling logs should be compared with the geophysical records to 

correlate the geophysical data with geology and to enable calibration of the data for future 

geophysical traverses in similar geological environments. 

5.1.3.1.The magnetic method 

The magnetic method relies on measurement of the variations of the earth's magnetic field. 

This is particularly useful where rocks with contrastingly different magnetic fields or intensity 

are in contact with one another. Natural magnetic anomalies are produced by the mineral 

magnetite. Other iron-bearing minerals such as hematite, glauconite, hornblende and limonite 

may also cause anomalies (Davis and DeWiest, 1966). 

The magnetic method is limited to where there are magnetically contrasting rocks in the area to 

be investigated. Also, some magnetic anomalies are not related to hydrogeological targets, in 

which case this method may be misleading, e.g. pipelines and fences. The method is most 

commonly used to define the position and orientation of magnetic dykes and sills, commonly 

dolerite, which are Strongly magnetised compared t0the host rocks into which they have 

intruded and whose contact is often a significant water-bearing zone. Similarly, potential water­

bearing contacts between rock types of contrasting magnetic intensities can be identified. The 

presence of some faults can also be revealed provided that either fault breccia or a mineralised 

zone has been developed and is able to produce a magnetic anomaly. 
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5.1.3.2.The electromagnetic method 

This method, commonly using an EM-34 instrument, induces an electromagnetic current into 

the ground and then measures the response of the.m~terials in terms of apparent conductivity. 

The source and the receiver coils both move along the traverse, while the receiver measures the 

ratio of the quadrature component of the secondary magnetic field to the free space primary 

magnetic field. There are two main categories of electromagnetic techniques. These are the 

frequency domain (FDEM) and the time domain (TDEM) methods. FDEM methods pass a 

sinusoidal current through the source to the subsurface and the receiver measures the resultant 

secondary field. In TDEM methods, a step function or sawtooth function is used as the source 

current. During half of the step function cycle, current flow in the source coil ceases. The 

induction current will then decay back to zero, and it is the decay rate that is measured by the 

receiver (Botha et al., 1992) 

Different coil separations (10m, 20m and 40m) are used to"provide different depths of 

investigation. These separations equate to approximately to 3.8m, 7.6m and 15.2m respectively 

for vertical coils (Barker et al., 1990) and 10m, 30m and 60m respectively forhoriz.ontal coils 

(McNeil, 1980). Even though horizontal coils have a greater depth of penetration, they are 

more prone to errors of misalignment. The vertjcal coils have ~een found to give less noisy 

results, and are easier to interpret than vertical coils (Barker et al., 1992). However, their depth 

of penetration limits their use to shallow groundwater environments. Limitations {)f this 

method are revealed in terrains with tow conductivity. In these terrains it becomes difficult to 

magnetically induce sufficient current into the ground to produce a detectable magnetic field at 

the receiver coil. 

Another electromag~etic method gaining in popularity is VLF. This method differs from EM-

34 in that there is a fixed source and a moving receIver. The source or transmitter is a cable 

several hundred metres long that emits a very powerful (300 - 1000 kilowatt) transmission 

signal (ABEM, 1989). There are a number of these transmitters scattered around the world, 

with the closest one to KwaZulu-Natal being in Simonstown, Western Cape. The field which is 

emitted by the transmitter inducts secondary electrical currents into objects with low electrical 

resistivity. These secondary currents, in tum, create a secondary magnetic field which is picked 

up by the moving receiver. The advantage of this method over EM-34 is that only one person 
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carrying the receiver is needed to conduct a survey, instead of two people, one carrying a 

receiver and the other the source. The VLF instrument ~s as compact as a portable radio and the 

results obtained compare favourably with the EM-34 method (pers. comm. van Niekerk, 1996). 
~. ~, 

The limitations of the method are fairly restrictive in that the transmitter signal is often weak 

due to the lack of nearby transmitters. It has been found that the best signal is obtained close to 

sunset, sunrise and in overcast conditions (pers. comm. van Niekerk, 1996). Another limitation 

is that in conductive terrains, the skin depth is very limited due to the high frequencies (Botha, 

etal., 1992). 

The electromagnetic method is generally used to locate faults and fracture zones, together with 

dolerite dykes. The width of the target, the thickness of the overburden and the quality of the 

groundwater have an effect on the detectability of the target (VSA, 1995). 

5.1.3.3.The electrical resistivity method 

The variations in the electrical conductivity of underlying geology is measured us.ing an 
" ~. 

electrical resistivity instrument. In this method, four electrodes arranged in either the Wenner 

or Schlumberger configuration (Davis and DeWiest, 1966) are inserted into the ground. The 

outer electrodes induce current into the ground allcI the inner electrodes measure the difference 

in the electrical potential. Another method recorded in the literature is the offset Wenner 

sounding technique which employs a five-electrode. array instead of four electrodes (Barker et 

al., 1992). The two commonly used applications of the resistivity method are described below: 

i) Profiling 

This method of resistivity is used to measure the lateral variations in resistivity 

by moving a fixed electrode configuration of equal distance (Wenner 

configuration) along the traverse. 

ii) Vertical electrical sounding (VES) 

The Schlumberger configuration is used to determine the variations in 

resistivity with depth. To achieve, this the outer electrodes are moved while the 

inner electrodes remain fixed. 
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Factors affecting the resistivity of materials are pore < or fracture volumes together with the 

amount and electrical conductivity of groundwater filling them. Limitations of the resistivity 
." >-

method are few, although complex geology is likely to make interpretation impossible without 

additional information from drilling or other geophysical methods. Like most other geophysical 

methods, resistivity will be influenced by noise caused by pipes, wires or other man-made 

structures. 

Electrical resistivity methods are well suited to two-layer problems (Davis and DeWiest, 1966). 

Examples where it is commonly applied are in locating basins of decomposition, fracture 

zones, contact zones and the water table in primary, unconfined aquifers. 

5.1.3.4.0ther geophysical methods 

Other methods, less commonly used in South Africa, are the ~ravity and seismic refractiQn 

geophysical methods. Gravitational methods measure the variations in the earth's gravity field. 

This method is more suited to mining exploration and rarely groundwater exploration. Davis 

and DeWiest (1966) state that seismic refraction methods, which measure the elastic reaction of 

geological materials to artificially induced vibration, have Deen used successfully for 

groundwater exploration. It appears that seismic methods have not been extensively used for 

groundwater exploration in South Africa due to the higher cost as compared to magnetic, 

electrical resistivity and electromagnetic methods. 

5.1.4. Test drilling 

In cases where no g:ophysical methods are of use, direct drilling needs to be employed to 

locate a suitable site for development of the groundwater resource. Test drilling is r~ally only 

used in unconsolidated sediments where the exploitable aquifer occurs as coarser grained 

sediment lenses within finer grained layers. The drilling required should be relatively cheap 

and rapid. To achieve this, small diameter rotary core boreholes of NX size (71mm) are drilled 

using a biodegradable drilling mud or under normal water flush. A standard penetration test is 

conducted simultaneously with drilling. In doing this, undisturbed Raymond Spoon split 

samples are collected over OASm (Johnstone, 1984). The sediment samples can then be 
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analysed for grain size distribution and permeability. Piezometers may also be installed to 

provide additional information on permeabilities and water quality (Johnstone, 1984). 

,.. ~ 

If sufficient boreholes are drilled, this method 9an provide enough information to build a 

conceptual model of the aquifer system and therefore pinpoint the optimal positions for 

production boreholes. Another option is that if the exploratory borehole intercepts a suitable 

aquifer itself, it can be developed into a production borehole. 

5.2. Groundwater access, construction and development 

The development of a groundwater resource relies on the methods of accessing the 

groundwater, and the provision of suitable means of abstracting it in an economical and 

efficient manner. This section only covers the main methods currently used in rural 

groundwater development in KwaZulu-Natal. 

5.2.1. Borehole drilling 

The method of borehole drilling must be assessed in order to result in an efficient borehole. 

Drilling contractors generally use one of two rigs for drilling in South Africa. These are the 

outdated cable tool rig, and more commonly, the rotary air percussion rig with a down the hole 

hammer (Plate 8). ODEX drilling is also used in difficult material, such as collapsible sands 

and extensively fractured rock. Other methods for borehole drilling include rotary drilling with 

mud or air, reverse circulation and rotary core drilling. 

Water supply boreholes commonly have a diameter of between 127mm (5") and 304 mm (12") 

with most boreholes being drilled at a 165mm (6"). These types of boreholes are usually 

created by drilling rigs because of the hardness of the rock and/or if the expected depth of the 

water strike is below 30m. Provided the water-bearing zone is shallow and the rock and soil are 

soft enough to excavate, a shallow well can constructed. 

Augering is another method of developing shallow « 30m) aquifers. A limitation of. this 

method is that it is difficult to use below groundwater level, as the moisture will cause the hole 
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to coll apse. unless a hollow stem auger'" is used. The diameter of auger holes can range from 

10001m to 1,5m. 

Wash boring or jetting is used in primary unconsolidated deposits or highly weathered 

materials. The method involves inserting the casing or a core barrel into the ground by means 

of washing away the material below the casing or core barrel with a high pressure jet of water. 

Unfonunalely. this very effective method's main drawback is that the sample relUm is very . 
poor and thus is really limited (0 insert ing weU point systems and shallow piezometric 

monilOring systems. 

Plate 8. An air percussion rig in operation. 
Note the air compressor to the right of the drilling rig. 
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5.2.2. Construction 

The principles of borehole construction to allow for gfDundwater abstraction are generally the 

same for all types of boreholes. Firstly, if the exqvation is unstable, the walls need to be 

supported and secondly, the zone which produces'groundwater must be left as open as possible 

to allow for unhindered flow into a sump. 

5.~.2.1. Borehole construction 

During drilling, starter casing is often inserted into the top 3 to 10m of boreholes due to the 

often weathered and unstable nature of the residual rock or soil. Casing may, however, be 

needed for the full length of the borehole. This decision is generally a function of the geology, 

groundwater quality, strength requirerr.tents of the casing and borehole yield. 

Casing is primarily needed to prevent collapse of the borehole and to protect the pumping 

equipment. If the rock is hard enough and does not con'taine:.- unstable fractured zones, the 

borehole may remain uncased for the most part (Figure 34, A). Some boreholes wh~ch''are not 

self-supporting may require full length casing, either of fixed diameter or different diameters to 

counteract various problems (Figure 34, B). Materials used for casing are mostly mild steel or 

PVC, with the required casing wall thickness a function of borehole depth. 

When casing is necessary for the full length of the borehole or to below the aquifer, a screen is 

inserted opposite the water-bearing zone(s) as illustrated in Figure 34, C and D. The role of the 

screen is to provide support and to ensure that the groundwater can easily flow into the 

borehole without bringing with it suspended material, sand and parts of the borehole wall. 

Screens are available in many different forms but must have the strength to withstand the 

tension and compression stresses applied during construction and use, a concentrated, open area 

to permit high inflows from relatively thin aquifers, a capacity to selectively filter out and 

initially, to support the formation, and the ability to be backwashed and jetted without damage 

during development (Groundwater Division, 1993). 

Typically, in hard rock boreholes, slotted casing is used as a screen. The slots can be cut in situ 

or may be machine cut in a controlled environment. The main problem with slotted casing is 
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that the slots cannot be closely spaced due to the primitive method of cutting and the slots are 

difficult to be cut small enough to retain very fine sand. Perforated or punched screens are the 

next best available technology to act as screens in.boreholes. These comprise punched holes or 
~ 

louvres in sheet metal which is rolled into the re~uired diameter tube. 
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Figure 34. Typical borehole construction methods for various conditions. (A) open hole 
construction for stable formations. (B) Telescoped casing used in difficult formation .. (C) 
Solid casing and slots used in hard rock with unstable water-bearing zones. (D) Screened 
borehole used in unconsolidated formations. 
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For unconsolidated sediments, the above two methods of screening are not always appropriate 

especially when very fine sand occurs. In order to overcome this, stainless steel well screens 

have been developed by means of a complex arrangement of wire wrapped to a cylindrical .. 
grouping of rods, which are then welded 10' cylindrical ring couplings at either end 

(Groundwater Division, 1993). Screens made from PVC are also used extensively as a cheaper 

option and in areas where groundwater causes corrosion. There are many variations in well 

screens and it is therefore essential to select the correct type for the prevailing conditions and 

purpose. For further information on well screens the reader is referred to Driscoll (1986). 

There are a number of different materials available for both casing and screens. The selection 

of the appropriate material is mostly dependent on the groundwater chemistry and the depth it 

is required. Generally, mild steel is the first option, however, if the groundwater is corrosive, 

stainless steel is preferred. PVC casing and screens are also being used more frequently in 

water supply boreholes. In order to enhance the performance of a-screen, gravel packing can be 
- ~ 

inserted into the annulus between the borehole wall and the outside of the screen. The gravel 

acts as a secondary filter to remove solids from the groundwater entering the bOl:~hole and 

increases aquifer permeability in the vicinity of borehole. The top Sm or more of the annular 

section between the borehole wall and casing must always be cement grouted with a sanitary 
~ -

seal. This seal ensures that ingress of surface run-off water down the sides of the borehole does 

not occur, which could otherwise cause contamination of the groundwater resource. 

Another means of access to groundwater in KwaZulu-Natal is through the use of shallow 

screen wells in alluvial channels. A large diameter, commonly 16" or 17", borehole is drilled 

into the alluvium with the aid of biodegradable drilling mud to support the side walls. Once the 

required depth for the screen has been determined, a stainless or mild steel sump in which to .. 
suspend the pump, approximately 1 metre deep, is placed at the bottom of the hole. If the 

particle size permits, holes can be punched into the bottom of the sump to promote 

groundwater circulation to aid in cooling of the pump motor, if a submersible pump is used. A 

screen, commonly stainless steel, is then positioned above the sump and the rest of the hole is 

cased to the surface. Gravel packing is placed around the annulus between the screen and 

casing, and the well sides. 
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5.2.2.2. Well construction 

Wells are different from boreholes in that they usually have a larger diameter, are shallower 

and are often constructed by hand. The quality of gro,!1ndwater in wells is also more likely to be 

adversely affected by human activity around the well. This is due to the static water level 

usually being closer to the surface which limits the extent that filtration can take place. If a well 

is not a sealed unit with an external pump spout, the groundwater can become contaminated by 

dirty lifting utensils and objects falling into the well (Plate 9). 

There are two main types of well, namely hand-dug or hand augered wells, and machine 

excavated or drilled wells. The main difference between them is the diameter, as a hand-dug 

well needs to be wide enough to enable the labourers to work comfortably as the well 

progresses. The various methods of ,well sinking are primarily 'dependent on the type of 

material to be excavated (Table 23). The range of practical depths for hand-dug and hand 

drilled wells usually does not exceed 20m, however, several authors refer to a maximum depth 
- c..-

of 30m (Mtunzi, 1984; Chleq and Dupriez, 1990). 

After the method of excavation has been decided, the type of lining and the top covering to the 

well needs to be considered. The lining must c<}mprise a robust and corrosion free material, 

preferably porous concrete rings, and the covering must be of a suitable standard to protect the 

well from contamination, while still allowing for easy access to the water (Plate 10 and Figure 

35). In self-supporting materials, lining of the well clm take place after the excavation has been 

completed. Where there is problem with stability of the well sides, installation of the lining can 

occur simultaneously with excavation by allowing it to sink under its own weight as the well is 

excavated below the bottom of the lining. An excellent source of information regarding well 

construction, its problems and advantages is given by Mtunzi (1984) in his account of the 

development of shallow wells for rural water supply in Tanzania. 
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Table 23. Suitability of well construction techniques for different geological formations 
(adapted from Mtunzi 1984) , . 

TVPE OF WELL 

CHARACTERISTIC HAND·DUG HAND DRILLED MACHINE . , 
DRILLED 

range of practical depths 0·30m 0·30m 0·300m 
diameter 1 - 6m 0.05 - 0.3m O. I - O.5m 
geological jonnation 
clay yes yes yes 
silt -yes yes yes 
s_and yes yes yes 
gravel yes yes yes 
cemented gravel yes no yes 
sandstone yes, if weathered yes, if weathered yes 

and/or fraclUred and/or fractured 
crystalline rock no no no 

Plate 9. An unprotected hand-dug well being utilised by a local community on the 
Zulu land coastal plain. Note the lifting device is a plastic container with a roughly made 
palm leaf rope. 
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Plate 10. A prototype hand-dug well on the Zululand coastal plain with a suitably 
constructed concrete apron and channel. \Vell head protection is still to be placed upon 
the top rings as shown in Figure 35. 

--
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CONCRETE RINGS 
1.5m DIAMETER 
O.4mDEPTH 
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+---CUTTING RING 

GRADED GRAVEL PACK 
O.2m THICK 

Figure 35. Typical details for shallow well construction. 
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5.3. Resource evaluation 

After a borehole has been drilled, the groundwater resource needs to be evaluated in terms of .- ... 
the quantity it is likely to yield, and the quality of the water. Quantitative evaluation of the 

groundwater resource will be a deciding factor in determining the pumping rate the resource 

can sustainably deliver and is therefore one of the most important aspects of groundwater 

development. The amount of water that may be abstracted from a borehole may be resolved by 

test pumping the borehole or by empirical methods. Groundwater quality can only be 

determined by chemical and biological laboratory tests. 

Yield tests can range from rough estimates by measuring the air-lift or blown yield, to a 

thorough pump test. Borehole yield _ analysis relies on the interpretation of pumping and 

recovery curves using various analysis procedures. In utilising these methods, one is assuming 

that the aquifer characteristics, such as transmissivity, storage and hydraulic boundaries, control 

the potential yield of the borehole. Therefore, in. certain cases,1:J~y not taking into account the 

recharge to the aquifer there is a potential of overestimating an aquifer's sustainable yield 

(Sami and Murray, 1996). Methods which assumes that recharge and storage control the 

sustainable yield of a borehole are termed aquifer yield methods. 

5.3.1. Borehole test pumping 

These methods rely on the field determination of aquifer characteristics by hydraulically testing 

the aquifer. The resultant aquifer characteristics are used in various flow equations to arrive at 

an expected yield value. Hydraulic or pump tests are based on the principle: 

" .... that if we pump water from a well and measure the discharge of the well and the 
drawdown in the well and in piezometers at known distances from the well, we can 
substitute these measurements into an appropriate well-flow equation and can calculate 
the hydraulic characteristics of the aquifer." (Kruseman and de Ridder, 1991);-

Disadvantages of pump testing are that controlled conditions in the field are difficult to 

maintain, mainly due to mechanical problems and human error. It has also been found that 

borehole yield methods tend to overestimate the yield, particularly in fractured rock where 

permeabilities are such that groundwater can be abstracted at a faster rate than it can be 

replenished (Sami and Murray, 1996). The overestimation is also due to permeability being 
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assumed to be the limiting factor, which is not always the case in fractured rock. Other limiting 

factors may be related to recharge or storativity. 

Before a pump test is carried out it is necessary to have an understanding of any surface 

lithological, stratigraphic and structural features which may influence the flow or recharge of 

groundwater. Equally important is the borehole information generated during drilling, 

including information on aquifer depth, thickness and nature of geological layers penetrated 

and borehole construction details which all define details on aquifer thickness, available 

drawdown, screen sections etc. 

Pumping tests are carried out in order to determine the parameters of transmissivity, storativity, 

specific capacity, specific yield, borehole efficiency, radius of influence, distance to boundaries 
- --

and leakage factors. Specific capacity refers to the rate of discharge per unit of drawdown 

[err], which is primarily dependent on transmissivity and whereJhe inefficiency is significant, - ~ 

on the pumping rate. Borehole efficiency or borehole performance tests involve determining 

the groundwater losses through the aquifer and the borehole itself. These losses corne about 

through inefficiencies in the drilling method, borehole and aquifer development, incorrect 

screen size and turbulence caused by excessive inJlow velocities.-

The design of a hydraulic test will need to address the following: 

• disposal of pumped water away from the borehole 
• desired and anticipated drawdown (this will require a prior estimate of transmissivity and 

storage) 
• required design yield 
• duration of pumping 
• depth of pump placement 

Pumping tests must be carried out using a pump which should fulfil certain requirements in 

order to ensure satisfactory results. It must be able to pump groundwater at a rate sufficient to 

draw the water level to the desired depth, it must also be capable of variable rate pumping to 

20% of its full pumping rate. A non-return mechanism must also be fitted to the pump to 

prevent water in the rising main from returning to the borehole once the pump has shut down 

(Groundwater Division, 1993). The pump must be positioned just below the required 

drawdown depth, or just above the main water-bearing zone, or if the strike is unknown, 
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approximately 1 - 2 metres from the bottom of the borehole. Water level readings must be 

accurately taken at brief intervals at the start of the test, with the period between readings 

increasing as the test progresses. This is necessaryilue to the rapid initial response of the water 

table to pumping. The discharge rate produced by the pumping must be regularly checked and 

adjusted if necessary. 

5.3.2. Pump test types 

There are various types of pump tests which can be carried out, each differs from the other 

primarily by the variability of the pumping rate. Variable discharge tests are those tests in 

which the pump rate varies during the test. The two types of tests that qualify as variable 

discharge tests are step and multi-rate tests. 

Step tests comprise a number of increasing steps of discharge, which are carried out to 

determine the drawdown response for different pumping rates and to ascertain borehole 

performance. The number of steps should not be less than 3 and the length of each step,should 

last until drawdown stabilises, or not less than 60 minutes duration. From the results of the step 

test it will be possible to select the optimal pumping rate for a constant discharge test. It will 

also be possible to evaluate drawdown resulting from aquifer losses (B) and borehole losses (C) 

from a step test. Aquifer losses represent laminar flow arising from the drawdown response for 

the gradient required to meet the pumping rate (Kawecki, 1995). Borehole losses represents 

turbulent flow which occur at the borehole itself and do not relate to. aquifer characteristics. 

Once these parameters are known it is also possible to empirically choose an optimum yield for 

the borehole based on its drawdown and discharge relationship. The drawdown in a borehole is 

thus given as: 

Sw = BQ+CQn 

where 

B = aquifer-loss coefficient 
C = borehole-loss coefficient 
Q = discharge rate (V rr) 
n = turbulence exponent 

Well efficiency can also be determined by: 

5.1 
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Ew = x100% { 
BIQ } 

(Bl + Bz)Q + CQn 
5.2 

Multi-rate or variable-discharge tests require that the borehole is pumped intermittently at 

different discharge rates. This test is not commonly carried out in KwaZulu-Natal, however, if 

there have been problems with the pump and the discharge rate has fluctuat~d, the data can still 

be interpreted. The infamous Farmers test is a type of test which could be interpreted as a 

multi-rate test, however it relies on recommending a yield based on pumping at a high rate until 

the water level is drawn down to the pump, which is placed near the bottom of the borehole. 

Thereafter, the rate is decreased until the water level rises to above the pump and then the rate 

is kept constant for the remainder of the test (Enslin and Bredenkamp, 1963). The 

recommendation is then made on 60 - 65% of the highest yield the borehole could produce 

without the water level falling down to the pump. As this test does not determine actual aquifer 

characteristics it cannot be categorised as a true pump test,.;.-Hnless the drawdown data is 

interpreted in the correct manner. This fact is reinforced by the overestimation of y.~eld the 

farmers test has been found to produce (Sami and Murray, 1996). 

A constant discharge test is a pump test whenf·the pump rate is kept constant for the entire 

duration of the test. The purpose of this test is to determine aquifer characteristics that control 

long term responses to pumping and to identify ~oundaries which may affect the drawdown 

response. The test can also be used to determine whether abstraction :will· reduce the yield of 

nearby boreholes or springs by lowering groundwater levels. 

The slug test is another hydraulic test worth mentioning as it is simple and rapid to undertake. 

To carry out the tes(, the water level in a borehole i~,suddenly lowered or raised (Vivier et at., 

1995). Usually, a cylinder is lowered into the borehole in order to displace the water'table. The 

response of the water level is then monitored. A limiting aspect of this test is its ineffectiveness 

in determining hydraulic parameters further than the immediate vicinity of the borehole. 
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5.3.3. Recovery tests 

After a pump test has been completed and the pump has been shut down, the recovery of the 

water level in response to the previous pumping regime can be measured. Initially, the water 

table will recover rapidly and therefore it is advisable that the same time intervals are used at 

the commencement of the recovery, as at the start of the pumping test. Recovery water levels 

should be measured until the level has recovered to within 5% of the total drawdown, or for the 

same length of time as the pump test. 

Recovery tests allow the transmissivity of the aquifer to be calculated, which can be used as a 

check on the transmissivity calculatedJrom the pump test. The recovery method has often been 

found to be more reliable than pumping test methods of transmissivity determination because 

recovery occurs at a constant rate, whereas a constant discharge during pumping is often 

difficult to achieve in the field (Kruseman and de Ridder, 1991). The principle of the recovery 

test is that it is assumed that after the pump has been shut down, the borehole cont~nties to be 

pumped at the same discharge rate as before, and that an imaginary recharge equal to the 

discharge is injected into the borehole (Kruseman and de Ridder, 1991). - -

5.3.4. Interpretation of pump tests 

The process of pump testing is generally not a difficult one, however, the method of 

interpretation is somewhat more complex. In order to establish the hydraulic characteristics of 

the aquifer it is essential to determine the probable aquifer type in order to apply the correct 

analytical modeL The characteristic' drawdown curves of the two broad aquifer categories, 

namely unconsolidated aquifers and fractured aquifer:s are depicted in Figure 36 and Figure 37 

respectively, and curves for bounded aquifers in Figure 38. Recognition must be' made that 

there are some aquifer types which display similar hydraulic responses to pumping, for 

example unconfined, unconsolidated aquifers and fractured or double porosity aquifers, which 

make the task of aquifer type determination more difficult. 
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5.3.4.1. Unconsolidated aquifers 

Curve interpretation of confined, homogeneous, isotropic aquifers is fairly simple as it should 

reflect at some point a linear relationship, on,a'sefhi-Iog plot, upon which to calculate the 

hydraulic characteristics (Kruseman and de Ridder, 1991). This linear part of the curve usually 

forms the late-time segment of the curve (Figure 36, A and A'). 

Unconfined, homogeneous, isotropic aquifers usually exhibit a characteristic delayed yield 

response. The first part of the curve is the early-time segment which reflects instantaneous 

release of water from storage by the expansion of the water and compaction of the aquifer 

(Kruseman and de Ridder, 1991). The flat intermediate-time segment reflects the dewatering of 

the aquifer pores by vertical drainage, which is comparable to leakage. The late-time segment 

is a steeper section which reflect the drawdown situation where the flow in the aquifer is 

mostly horizontal again (Figure 36, Band B'). 

- ~ 

Leaky aquifers behave in a manner similar to confined aquifers for the early-time segm.~nt, but 

with increasing time, draws greater amounts of groundwater from the adjacent aquitard. At 

some point, discharge will be in equilibrium with leakage from the aquitard thus resulting in 

steady-state conditions (Figure 36, C and C). 
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Figure 36, Log-log and semi-log plots of the theoretical time-drawdown relationships of 
unconsolidated aquifers (after Kruseman and de Ridder, 1991): 
Parts A and A': confined aquifers 
Parts Band B': unconfined aquifers 
Parts C and C': leaky aquifers 
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5.3.4.2. Consolidated and fractured aquifers 

Consolidated, fractured aquifer flow does not confomi to homogenous, radial flow but rather 

flow is dependent on pressure differentials between- the rock matrix and fractures. There are 

different conceptual models for different fracture type situations. Curves A and A' of Figure 37 

refer to confined, densely fractured aquifers which display double porosity. Double porosity 

pertains to a fracture system of high hydraulic conductivity and low storativity surrounded by 

matrix blocks of low hydraulic conductivity and high relative storativity. Initially during 

pumping, flow will primarily occur through the fractures in an unsteady-state. Flow from the 

matrix blocks to the fractures will eventually reach a steady-state with continuous pumping 

(Kruseman and de Ridder, 1991). The early-time part of the drawdown curve reflects flow 

contributed only from storage within the fractures. The intermediate-time reflects a transition 

period during which groundwater is 'drawn from the matrix blocks into the fractures at an 

incr~asing rate due to increasing hydrostatic pressure -differentials between the matrix and 

fractures .. The late-time segment finally reflects the steady s.tatec;,.situation of groundwater being 

drawn from storage in the matrix blocks into the fractures. This type of curve has a similar 

delayed yield response to the unconfined, unconsolidated system described previously: 

When a single, plane vertical fracture of finite ext.ent and high hydraulic conductivity, such as a 

fault or solution channel, is intersected in a confined, homogeneous, isotropic aquifer of low 

hydraulic conductivity, the characteristic log-log curve shows a straight line for the early-time 

segment (Figure 37, Band B'). This part of the curve reflects flow being horizontal, parallel 

and perpendicular to the fracture due to expansion of the radius of influence. After a period of 

time, flow to the borehole becomes pseudo-radial as the adjacent formation is dewatered and 

the curve resembles the late-time part of curve A and A' of Figure 36. 

The final curve type to be discussed results from a densely fractured, highly permea15le dyke or 

steeply dipping beds contained within a confined, homogeneous, isotropic, consolidated aquifer 

of low hydraulic conductivity and high storativity (Figure 37, C and C). This system has two 

straightMline segments during early and intermediate-pumping times. At early-time, the flow to 

the borehole purely through the dyke and at intermediate-time the host rock or aquifer starts 

contributing to the flow. At late-time flow to the borehole will be pseudo-radial. 
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Figure 37. Log-log and semi log plots of the theoretical time-drawdown relationships of 
consolidated, fractured aquifers (after Kruseman and de Ridder, 1991): 
Parts A and AI: confined fractured aquifer, double porosity type 
Parts Band BI: single plane vertical fracture 
Parts C and CI: permeable dyke in an otherwise poorly permeable aquifer 

5.3.4.3. Bounded aquifers - ~ 

All the drawdown curves discussed above can be affected by recharge or barrier boundaries. 

Common examples of recharge boundaries are water-bearing faults, stream channels and 

saturated zones above fractures. Examples of barrier boundaries are dolerite dykes, zones of 
- -less permeable fractures and non-water bearing, mineralised faults. 

The effect of a recharge boundary on a drawdown .curve is to stabilise the drawdown once the 

cone of depression intercepts a boundary with sufficient recharge (Fig\Jfe 38, A and AI). The 

late-time segment of the curve will then begin to deviate from the theoretical curve for the 

aquifer. Barrier or impermeable boundaries will have the opposite effect on the drawdown. 

Once the cone of depression reaches the boundary, the rate of drawdown will rapidly increase, 
-' 

as inflow towards the borehole can no longer be intercepted around the circumference of the 

expanding cone of depression, thus steepening the late-time segment considerably (Figure 38, 

Band B'). 
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Figure 38. The effect of a recharge boundary (parts A and A') and an impermeable 
boundary (parts Band B') on the theoretical time-drawdown relationship in a confined, 
unconsolidated aquifer. The dashed curves are those for unconsolidated , unconfined 
aquifers (after Kruseman and de Ridder, 1991). 

It is- important that the correct model is chosen to avoid gross errors in the determination of the 

hydraulic characteristics by means of the correct analytic<!l method. However, it is - ~ 

acknowledged that aquifer type identification is not always a simple matter as some situations 

give similar curves. Kruseman and de Ridder (1991) aptly state that: 

" .... analysing a pump test is not merely a matter of opening a particular page of this 
book and applying the method described ~here." 

5.3.4.4. Assumptions and limitations 

Based on the differentiation of aquifers on their occurrence, i.e. confined, leaky, unconfined 

and bounded, various assumptions are made to enable the characteristics of the aquifer to be 

calculated. The main assumptions for confined aquifers below apply to all methods, except 

fractured rock aquifers, with some modifications to account for other conditions given in Table 

24. 

1. 
2. 

3. 

4. 
5. 

6. 
7. 
8. 

The aquifer has a seemingly infinite areal extent; 
The aquifer is homogeneous, isotropic, and of uniform thickness over the area influenced 
by the test; 

Prior to pumping, the piezometric surface is horizontal (or nearly so) over the area that will 
be influenced by the test; 
The aquifer is pumped at a constant discharge rate; 
The borehole penetrates the entire thickness of the aquifer and thus receives water by 
horizontal flow; 

The water removed from storage is discharged instantaneously with decline of head; 
The diameter of the borehole is small, i.e. the storage in the well can be neglected; 
Flow is laminar and radial throughout the entire radius of influence. 
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These assumptions have obviously been derived from work carried out in unconsolidated 

confined conditions, which are only found on the Zululand coastal plain in KwaZulu-Natal. 
." ... 

Most aquifers encountered in KwaZulu-Natal are anisotropic and heterogeneous, due to their 

secondary nature, which therefore limits the use of all the procedures related to homogeneous 

and isotropic aquifers. When these types of conditions are encountered, the alternative 

assumptions given in Table 24 must be used. 

5.3.5. Borehole yield analysis methods 

After the pump test has been carried out, the drawdown versus time data are plotted on either 

log-log or semi-log diagrams and an interpretation of hydraulic conditions has been made, 

various options as to the method of analysis are available. Each" method applies to specific 

hydr~ulic conditions and has been determined by various authors, from which the method is 

usually named. Kruseman and de Ridder (1991) cover most of Jhe widely used methods for - ~ 

different aquifer situations. It is important that the assumptions of each method (Kruseman and 

de Ridder, 1991) are taken into account before any method is used. The majority ofinethods 

require the use of observation boreholes (Table 25), however, single borehole tests (Table 26) 

are more appropriate to rural water developmenk)t is important.to note that all these methods 

only derive values for transmissivity and storativity. It is not these hydraulic characteristics 

alone that determine the sustainable yield of a borehole. 

Other methods used to determine hydraulic conductivity, include calculation from empirical 

formulae based on grain size distribution, laboratory tests and tracer tests. There have been 

numerous workers who have examined the relationship between permeability or hydraulic 

conductivity and porous media. The formulae which have resulted are based on analytical or 

experimental work. Hazen's formula is one of the most well known methods of determining 

hydraulic conductivity, in Ltr (K) based on a dimensionless coefficient (C) ranging between 

0.01 and 0.015 and the maximum grain size of the smallest 10% of the sample (D lO): 

K = CD102 5.3 
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Table 24. Modifications to the confined aquifer model with general assumptions and limitations (adapted from Kruseman and de Ridder, 
1991 and Boulton and Streltsova, 1977). 

AQUIFER, ',C 

'.TypE . 

leaky 

unconfined 

bounded 

anisotropic 

uniformly 
fractured, 
double-porosity 

single vertical 
fractures 

ASSUMPTIONS 
c, 

- the flow in the aquitard in vertical 
- the drawdown in the aquitard is negligible 
- the water removed from the storage in the aquifer and the water supplied by leakage from the aquitard is discharged instantaneously with decline of 

head 
- the aquifer is homogeneous and of uniform thickness over the area influenced by the test 
- the borehole penetrate~ the entire thickness of the aquifer and thus receives water from the entire saturated thickness of the aquifer 
- the aquifer is confined or unconfined 
- within the zone influenced by the pumping test, the aquifer is crossed by one or more straight, fully penetrating recharge or barrier boundaries 
- recharge boundaries have a constant water level and the hydraulic contacts between the recharge boundaries and the aquifer are as permeable as the 

aquifer 
For horizontal anisotropy 
- the aquifer is homogeneous, aniostropic on the horizontal plane, and of uniform thickness 
- if the principal directions of anisotropy are known, drawdown data from two piezometers on different rays from the pumped borehole will be 

sufficient. If the principal directions of anisotropy are not known, drawdown data must be available from at least three rays of piezometers 
- the borehole fully penetrates a fracture 
- the flow to the borehole is in an unsteady state 
- matrix and fractures are compressible 
- flow in the matrix is vertical 
- drawdown in matrix is negligible 
- there is no contact r~sistance to seepage flow between the matrix and fracture 
- the depth of the fracture is small compared with the matrix 
- the borehole fully penetrates a single vertical fracture 
- the fracture is plane (Le. storage in the fracture can be neglected), and its horizontal extel1t is finite 
- the borehole is located on the axis of the fracture 
- with decline in head, water is instantaneously removed from stor~e in the aquifer \ 
- water from the aquifer enters the fracture at the same rate per unit area (Le. a uniform flu~ exists along tbe fracture, or the fracture conductivity is high 

although not infinite) 
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LIMITATIONS 

- often not homogeneous and 
isotropic 

- leakage is not uniform 

- aquifer is often not 
homogeneous and isotropic 

- it is not always easy to, 
identify boundaries 

- most boundaries will not be 
straight 

- rarely uniform thickness 
- often heterogeneous , 

- rarely get vertical fractures, 
most are sub-vertical or near 
horizontal 

" 
~ 

'/' 

- vertical fractures are rare 



· .•... AQUJli'ER ASSUMPTIONS .. LIMITATIONS 
TYPE· , 

single vertical - she width of the dyke is uniform and does not exceed 10m - dykes are seldom vertical 
dykes - she flow through the fracture system is laminar - dykes in KwaZulu-Natal are 

- the uniform fractured part of the dyke can be replaced by a representative continuum to which spatially defined hydraulic characteristics can be often not permeable 
assigned - country rock is rarely 

- the fractured part of the dyke is bounded above by an impermeable weathered zone and below by solid rock homogeneous and isotropic 
- she borehole fully penetrates the fractured part of the dyke and is represented by a plane sink; flow through the dyke is parallel 
- she country rock aquifer, which is in hydraulic contact with the fractured part of the dyke is confined, homogeneous, isotropic, and has an apparently 

infinite areal extent 
- all water pumped from the borehole comes from storage within the composite system of dyke and aquifer 
- the ratio of the hydraulic diffusivity of the dyke to that of the aquifer should not be less than 25 , 

- borehole losses and borehole storage are negligible 

.. 
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Table 25. Pump analysis methods for different aquifers using observation boreholes 
(after Kruseman and de Ridder, 1991). 

" 

AQUIFER 
': 

' : METHODS, 
", : , 

STEA\lY-STATE TRANSffiNT-STATE 
, .. . .' . 

confined Theim Theis 
Cooper-Jacob 

leaky De Glee Walton 
Hantush-Jacob Hantush's inflection-point 

Hantu§h's.curve fitting 
Neuman-Witherspoon 

unconfined Neuman's curve fitting Theim -Dupuit 
bounded confined or unconfined Dietz Stallman 

Hantush 

leaky or unconfined Vandenberg 

aniostropic confined, horizontal anisotropy Hantush 
Hantush-Thomas Neuman's 
extension of the Papadopulos 
method , 

leaky, horizontal anisotropy Hantush 
" 

confined, vertical anisotropy Week 

leaky, vertical anisotropy Week 
-- ~ 

unconfined, vertical anisotropy Neuman curve fitting 
Streltsova curve fitting ,,' 

multi-layered Bruggeman (leaky, two-layered Javandel-Witherspoon (confined 
aquifer with crossflow through two-layered aquifer with 
aquitards unrestricted crossflow) 

double porosity Bourdet -Gringarten 
Kazemi"et al. -

single vertical fractures Gringarten-Witherspoon 
single vertical dykes Boonstra-Boehmer . -- -

Table 26. Pump test analysis methods available for single borehole tests (after Kruseman 
and de Ridder, 1991). 

AQUIFER VARIABLE MTE CONSTANT RATE RECOVERY SLUG TEST 
unconfined Theis Bouwer-Rice 
confined Birsoy-Summer Papadopulos-Cooper Theis Cooper 

Aron-SCott Rushton-Singh Birsoy-Summer 
Jacob-Lohman Cooper- Jacob Eden-Hazel , 

Jacob Hurr-Worthington 
leaky Hantush Jacob Theis N/A 

Hurr-Worthington 
double N/A Warren-Root N/A N/A 

_ porosity 
single N/A Gringarten et al. N/A N/A 
vertical Ramey -Gringarten 
fracture 
single N/A Boonstra-Boehmer N/A N/A 
vertical 
dykes 
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Laboratory methods have traditionally been used in engineering geology to determine the 

hydraulic conductivity of disturbed and undisturbed samples for both consolidated and 

unconsolidated formations. The method relies on-t11e use of a permeameter, in which flow is 
-<;: • 

maintained through a small sample of material while measurements of discharge and head loss 

are made. The two types of permeameter tests are the constant head and the falling head tests. 

Both tests rely on Darcy's law to obtain hydraulic conductivity. Laboratory tests are not 

reliable since field conditions are almost impossible to duplicate in a laboratory, with 

undisturbed samples of unconsolidated material being difficult to obtain, while disturbed 

samples can never be representative of field conditions. Only if an aquifer is completely 

homogeneous and isotropic could such methods be of value. In addition, since sampling is 

carried out at certain points, spatial variations of hydraulic conductivity will not easily be 

defined. The laboratory tests also' only measure the vertical component of hydraulic 

coriductivity (Kz) and not Kx and Ky. 

- c..-

Tracer tests are another method used to determine field hydraulic conductivity by measuring 

the time taken for the tracer to travel between two observation boreholes. There are numerous 

practical limitations of this method which will not be dealt with as the tracer method is not an 

option for hydraulic characterisation in rural w~ter supply sin~ apart from being costly, an 

accurate porosity value together with dilution coefficients is required. 

5.3.6. Aquifer yield methods 

Where recharge may be a limiting factor with regard to long term borehole yield, aquifer yield 

methods are needed to evaluate an aquifer's potential. These methods have been found to work 

best for small catchpents, highly localised aquifers, or in low recharge areas where multiple 

boreholes abstract groundwater simultaneously (San;i and Murray, 1996). The methods rely 

heavily on a number of approximations, including the much debated estimation of recharge. 

Aquifer yield methods dependent on recharge estimation methods to estimate exploitation 

potential are presented by Bredenkamp et al. (1995). The potential yield of an aquifer may be 

estimated by: 

Er = AxPxCxD 5.4 
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where Er = exploitation potential (L3) 
A = catchment area over which recharge to the aquifer can take place (L2) 
P = mean annual precipitation (L) 
C = fraction of MAP contributing to rechaJ>g~ 
D = abstractable proportion of recharge ~c0mmonly taken as a fixed proportion) 

Other aquifer yield methods include the storage method, which is based on an estimation of 

exploitation potential from an estimate of storage in an aquifer and the number of years without 

recharge (DWAF, 1993b). This method is not recommended due to difficulties in determining 

storativity, especially in fractured rock. The groundwater throughflow method, based on 

Darcy's Law, estimates flow through an aquifer using hydraulic conductivity, hydraulic 

gradient and cross-sectional area for unconfined aquifers or transmissivity and aquifer width for 

confined aquifer (Sami and Murray, 1996). A method proposed by Sami and Murray (1996) is 

the exploitation potential method which is similar to the recharge method, with the exception 

that the parameter D varies depending on a range of aquifer conditions, and is determined from 

nonograms. - '--

5.3.7. Groundwater quality sampling 

The type of groundwater utilisation ultimately depends on the quality of the water. Some 
~ -,-

groundwater may appear to be aesthetically fit for human consumption, when in fact the quality 

may be detrimental to human health. In order to determine the suitability or qu'!.lity of 

groundwater, samples must be lifted to the surface and analysed. Unfortunately, groundwater 

sampling is not completely straightforward. A comprehensive 'manual available on 

groundwater sampling has been compiled by Weaver (1992). This document covers planning a 

sampling run, which determinants to select for laboratory analysis and for field analysis, quality 

assurance, a monitoring programme guide, what containers to use and preservation methods, 
-" 

how to measure water levels, methods of sample colfection, how to purge borehole~, filtering 

devices, the flow-through cell, multiple level sampling, and how to sample springs and seeps. 

This section will only reflect on the most important aspects of groundwater sampling as it 

relates to rural water development. 

One of the most important principles of groundwater sampling is to obtain a sample that is 

representative of the aquifer. A grab sample of a standing borehole will not be representative of 
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the aquifer water, but rather a sample of the stagnant water stored by the borehole. This 

stagnant water can be altered by a number of processes such as leaching or adsorption of 

certain constituents from or onto the borehole casiog or screen, a reduction in heavy metal 
< • 

species precipitated by sulphide produced by sulphate-reducing bacteria commonly found in 

groundwater, chemical reactions due to changes in the concentration of gases such as oxygen 

and carbon-dioxide (Weaver, 1992). 

It has been found that to obtain a representative sample, the borehole should be purged at least 

three times the standing water volume (Table 27). Note that for low-yielding boreholes, it may 

not be possible or necessary to discharge three times the standing water volume, instead one 

volume of the standing water volume will suffice since it will eliminate the standing water. 

Another method is to purge until pH, electrical conductivity and Eh"are stable. At this point, the 

sample can be considered representative. Ideally, a flow-ihroughcell should be used to take the 

field measurements of pH, electrical conductivity and Eh, due to!heir susceptibility of altering - - ~ 

on exposure to the atmosphere. The flow through cell is a closed box or cylinder with an inlet 

at the base and an outlet at the top. The top of the cell contains water proof glands through 

which to insert measurement probes. 

Table 27. Approximate purging times required based on pumping rate and groundwater 
volume (adapted from IWQS, 1996). 

. --
LOW YIELDING BOREHOLES HIGH YIELDING BOREHOLES 

x 1 volume of stagnant groundwater x 3 volume of stagnant groundwater 

Pumping rate 3601lhr 1800llhr 3600llhr nOO·l/hr 1800011 36000l1h 
(0.1 lis) (0.5 lis) (1.0 lis) (2.0 lis) h (10.0 lis) 

(5.0 lis) 

Length of water column Volume Purging Purging Purging Volume Purging Purging Purging 
(depth of borehole minus (Iitres) time time time (litres) time time time 
depth to water level in m) (min) (min) (min) (min) (min) (min) 

10 -" 215 35 7 3.5 645 5 2 1 
20 428 70 14 .' 7 1283 10 4 2 
30 643 107 21 10 1929 16 7 3 
40 855 142 28 14 2565 22 9 4 
50 1070 178 36 18 3210 27 11 5 
60 1283 214 43 21 3848 32 13 6 
70 1498 250 50 25 4493 38 15 7.5 
80 1710 285 57 28 5130 43 17 8.5 
90 1925 320 64 32 5775 48 19 9.6 
100 2138 356 71 35 6413 54 21 10.6 
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The methods used to lift the sample from the borehole are numerous, with collection devices 

generally consisting of bailers, positive displacement or submersible types, suction lifter and 

gas contract samplers. Weaver (1992) recommelld~ the use of either the bladder pump or 

helical motor type positive displacement pumps" fbr best results in groundwater sampling from 

boreholes and wells. 

Typically, unless a dedicated groundwater sampling set-up is used, it will be difficult to sample 

as per the recommendations by Weaver. In practice, samples can be obtained during borehole 

development where field measurements of pH and EC must be taken constantly in order to 

check for any changes in quality. At the end of development, a groundwater sample must be 

taken for laboratory analysis. This sample should indicate whether the borehole should be 

equipped or not. A borehole with unsuitable water quality should either be backfilled and 

stonelconcrete plugged, or capped until a time when treatmerit becomes an option for the 

source. 
- ~ 

The size of the sample collected depends on the requirements of the laboratory lhatwiU'analyse 

the water. Therefore, before samples are taken, the size of the sample and type of bottle must be 

confirmed with the laboratory. In some cases pr,eservation may]Je necessary. The purpose of 

preservation is to attempt to retain the sample as close as possible to its original state in the 

underground environment by retarding biological activity and chemical reactions and to-reduce 

volatility (Weaver, 1992). There are a vast number of preservation techniques to be used for the 

various parameter determinations. For water supply purposes, the most common method is 

cooling and preservation by mercuric-chloride. 

Bottles, including th~ cap, must be cleaned thoroughly by rinsing three times with the water to 

be sampled. The sample must fill the bottle completely and should not contain an -air bubble 

once the bottle is closed as trapped air will provide an environment for changes in water 

chemistry. 
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6. SOCIAL ASPECTS OF RURAL WATER SUPPLY 

The first policy principle stated in the White Paper (DWAF, 1994) is that "development should 

be demand driven and community based". This implies that decision making and control will 
-i: • 

be devolved as far as possible to accountable local structures. Another principle states that there 

will be integrated development where water and sanitation development are not possible in 

isolation from development in other sectors. This will require co-ordination between 

government and other involved parties in an effort to derive the maximum direct and indirect 

developmental benefits. Examples of these situations can be through education, training and 

job creation (DWAF, 1994). The process of rural water supply has two distinct aspects which 

must both be addressed in order to achieve success. These aspects are social and technical. To 

hydro geologists , social aspects appear complex and time-consuming. However, most realise 

that without addressing all the social' aspects such as community requirements, political and 

legal issues, economics, post-implementation management of the scheme, training and 

education through community participation, the project will uotbe sustainable. 

There have been examples of technical consultants carrying out organisational development 

without the correct training themselves (pers. comm. DWAF, 1996). This type of action is also 

detrimental to the success of a project. It is adViSed that techni<;al consultants accept that the 

social aspects must be dealt with by professional social scientists, who may require the 

technical consultants to be involved with various aspects such as maintenance training or 

capacity building around groundwater issues. An example of this type. of involvement can be 

given for a situation on the Zululand coastal plain. Over the years, government agencies have 

installed a number of windpumps and shallow wells in the area whiCh has a known high 

groundwater potential. These sources have often failed the community, primarily because of 

lack of ownership ctnd responsibility. Compoundi~g the problem, promises were made by 

politicians during the 1994 elections that piped water will be supplied. This is an unrealistic 

short term situation due to the extremely dispersed and marginalised nature of the local 

communities which has resulted in the communities only being willing to accept piped water 

Rnd R tRp. In this situation, both the social scientist and the technical consultant must work 

together to ensure that the community is provided with information to assist them in making a 

more informed decision on the type of water supply that can sustain them immediately. 
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It is apparent that the social and technical aspects of rural water supply must be integrated. The 

social specialist is not trained to carry out technical work and the technical specialist seldom 

has the capacity to address all of the social aspects. These two proponents must acknowledge .. 
their dependence on each other and work together in a professional manner to ensure success of 

water supply projects in rural areas. 
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7. DATA AVAILABILITY 

At the time of writing this thesis, there had been Ipuch activity in KwaZulu-Natal with respect .. 
to water source development, primarily for RDP projects and drought relief purposes. The 

DWAF, in particular, spent in total approximately R23.5 million in 1995/1996 for drought 

relief. This cost includes all costs to establish boreholes, to access difficult sites, the cost and 

installation for handpumps and maintenance costs of broken pumps.· The services of 

groundwater consultants for the siting and drilling supervision of boreholes in communities, 

within former K waZulu districts deemed to be in a critical situation, were used due to a lack of 

Department of Water Affairs and Forestry hydro geologists. Table 28 summarises the costs for 

the establishment of boreholes and test pumping only. Drilling contractors were used for 

borehole drilling. 

The information generated by the consultants for the DWAF's drought relief action in 

1995/1996, in the form of geophysical data, drilling logs, ch-emlCal analyses and pump tests for 

a total of 993 boreholes has been used in the assessment of aquifers in rural areas fo~this thesis 

(Figure 39). The consultants each provided the DWAF with a report containing all the 

aforementioned data, with little or no overall hydrogeological interpretation. Each record has 
~ -,. 

been examined in terms of the depth of water strike and in which lithology and target feature it 

was obtained. Once the water-bearing feature had been identified it was coded by litholQgy and 

aquifer type (Table 29). Special mention must be made of the secondary porous and featureless 

classes of aquifers as they are not exactly self-explanatory. Secondary porous aquifers have 

been differentiated from fractured aquifers because the flow mechanism will be porous flow as 

opposed to fracture flow which occurs within the fractures of fractured aquifers, with its matrix 

storing water. Those records classed as featureless, are those in which no recognisable water-
-" 

bearing feature was identified in the geological log. Mostly the boreholes classed as featureless 

are dry, but some do give seepage or even quite reasonable yields. The classification of the 

aquifer as featureless may therefore also be a function of poor logging. 

Yields of boreholes were recorded as both blow yields and pump tested yields. The geophysical 

method used to site the borehole and length of each traverse was also recorded for each 

borehole. All this information makes up the database which is presented in Appendix A. 
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Table 28. Summary of costs incurred for the establishment of boreholes for drought relief 
purposes (values in parenthesis reflect percentage of total cost for the district). 

FORMER" CONSULTAl'rfS' . DRILLING~: % PUMP TOTAL 
KWAZULU SITINGAND'" '. SUCCESS TESTING 
-DISTRICT SUPERVISION COST ,,' . Ji, 

Enseleni R733,381 R2,671,944 78 R321,598 R3,726,923 
(20%) (72%) (8%) 

Inkanyezi R696,508 Rl,029,100 76 R235,826 Rl,961,434 
(36%) (52%) (12%) 

Nkandla R201,294 R526,767 66 R77,070 R805,131 
(25%) (65%) (10%) . 

Hlabisa R128,920 R339,400 75 R57,300 R525,620 
(24%) (65%) (11%) 

Ubombo R234,360 R661,059 59 R50,736 R946,155 
(25%) (70%) (5%) 

Ingwavuma RI72,840 R362,732 43 R52,528 R588,l00 
(29%) (62%) (9%) 

Maphumulo paid by Umgeni Water R303,966 70 R19,910 R323,876 
Madadeni R95,727 R146,166 53 R25,614 R267,507 

(36%) (55%) (9%) 

Nqut~ R174,561 R256,556 81 R38,095 R469,212 
(37%) (55%) (8%) 

Emnambithi RI05,705 R330,075 63. R7,936 R443,716 
(24%) (74%) (2%) 

Okhahlamba R255,316 R804,430 54 R65,130 Rl,124,876 
(23%) (71%) (6%) 

Vulamehlo R239,930 R427,623 60 R69,49B .R737,051 
Mzumbe (33%) (58%) (9%) 
Izingolweni (1996) 
Izingolweni (1995) R153,484 R734,741 37 R48,561 R936,786 

(16%) ('79%) - (5%) 
TOTAL R 3,192,026 R 8,594,559 R 1,069,802 R 12,856,387 

AVERAGE 25% 67% 8% 

Table 29. Categories for determining aquifer types. 
,FEATURE OF GROUNDWATER STRIKE AQUIFER TYPE 

unconsolidated sediment primary porous 
weathered rock secondary porous 
fractured rock fractured 
breccia 
contact between different rock types (including contact 
dolerite) " 

no definable target was obvious from the drilling featureless (in most cases 
log or the borehole did not intersect any water- this type is not an 
bearing features aquifer) 
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7.1. Data limitations 

The brief given to the groundwater consultants was not very specific and the requirements from 
.' I-

each consultant differed according to the resPQn$ible DWAF's official engineer. As a result, 

the type of pump tests carried out on the successful boreholes varies. Low yielding boreholes 

«21/s) appear to have had a type of Farmer's test carried out on them, which makes it difficult 

to obtain hydraulic characteristics. Each consultant also used a different method for 

determining the recommended pump rate or sustainable yield. These methods were not 

presented in any of the reports. The values derived from the pump testing are, therefore, not 

consistently determined and will differ from consultant to consultant. However, the pump 

tested values are used during analysis, wherever possible, because by using the blow test yields, 

an unrealistic picture will be given of the aquifers' yield potential. This is because the blow test 

yields are almost always higher than the recommended yield. Figure 40 shows a plot of blow 

tested versus pump tested yields of the boreholes from the data set which were given a 

recommended yield by the consultants. A best fit line ihrongh4:lie data shows that the pump 

tested yield is usually a factor of 0.375 of the blow tested yield. 

1~:~~ t. ---------c-----+------c-~=--_+_------' 
8.00 -L-' -------+-----+----..v<----..---......~_+_-------' 

~ 7.00 +-____ ---+-____ -+-____ ---+ ___ ~"'__I 
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"C 5.00 -L---------t-~-----+---~~---+----~ 
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4.00 +: ---<.----+---4~ ___ ---+-~-----,----~----' 
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2.00 ~f---jI~+--~:;.t~ __ ---+---------'.--------I 
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15.00 20.00 

Figure 40. Plot of blown yield versus pump tested yield with a linear regression for 
boreholes. 

Even though 993 borehole records are used for analysis purposes, once each of these boreholes' 

aquifer type is categorised, the number of records in each category sometimes becomes very 

small and oftentimes lead to only one record in a category. This situation makes analysis and 

comparisons not statistically valid because it is not known whether one is dealing with a 
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representative sample. Therefore the results obtained from those categories with less than 10 

records can not be regarded with a high level of confidence . 

. ' ... 
Another limitation of the data is the biased use: of different geophysical methods within each 

hydrolithology. This is a function, firstly, of the consultants' accessibility to certain 

geophysical instruments, and secondly, of their familiarity and experience with certain 

instruments. Compounding the problem is the fact that each consultant appears to interpret the 

geophysical curves differently depending on their experience. The process of borehole siting 

using geophysics is still not an exact science. This fact is further compounded by the 

aniostropic nature of most hard rock aquifers, which can support a dry borehole just a few 

meters away from a high yielding borehole. 

Th~se type of problems all contribute to inconsistent data. However, in view of these 

limitations, each borehole has been examined as a separate entity regardless of which 

consultant sited the borehole. Despite the above mentioned -sho1tcomings the geophysical data 

was grouped by hydro lithology so as to be consistent with the other analyses carried ouL 
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8. METHODOLOGY 

8.1. Data analysis and presentation .' .. 
The database generated from the 993 borehole records has been captured on Microsoft Excel. 

Various filters were applied to group data into different aquifer types and target features within 

each hydrolithology. 

The main purpose of the analysis is to clearly illustrate the characteristics of each target feature 

in the various hydrolithologies, as they affect rural water supply. The four factors controlling 

whether groundwater can be developed for rural water supply are: likely yield, the quality of 

groundwater likely to be encountered, probability of successful borehole siting and the cost of 

groundwater development. Each of these components is analysed mainly by comparative 

methods in order to establish those aquifers which are of greater importance in KwaZulu-Natai. 

Yield characteristics of each target feature were analysed by means of cumulative distribution 

plots and median yield values. The use of the median yield is a commonly used method of 

statistical interpretation in hydrogeological yield analysis. One of the main reasons for using 

median yield is that it is not influenced by extreriie values, whereas the use of a mean would be 

adversely affected by extreme values (Walpole and Myers, 1978). The percentage of the 

hydro lithology each target feature forms part of has_ been given in order to illustrate the relative 

importance of the feature. Another aspect presented is the number of, wet and dry boreholes 

drilled into each target feature. Where sufficient records are available, this portrayal of wet and 

dry boreholes provides an indication of the probability of drilling a successful borehole into the 

various target features. 

, 

Another important feature related to the hydrogeology of aquifers is the chemical quality of the 

groundwater each target feature produces. Quality in terms of its effect on human health and 

thus potability is illustrated firstly on the frequency of the overall quality class per target feature 

and secondly, by each constituent analysed. The classification based on the guide for the health 

related assessment of quality of water supplies has been used for this purpose (DWAF, 1996). 

An examination of the database (Appendix A) will show that there are numerous water quality 

variables for which there are results. The groundwater samples were not all analysed at the 
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same laboratory and some of the consultants requested that additional variables be tested for, 

depending on their own requirements. The analysis of the groundwater quality in this thesis 

therefore only relates to those constituents which ar€1. common to all the records and which are 

related to health. Th~se constituents which have been examined are electrical conductivity, pH, 

fluoride, nitrate, magnesium, sodium, potassium, chloride and sulphate. Constituents such as 

calcium, iron, phosphate, ammonia and silica have not been included because of their 

inconsistent presence in the database or because they do not have major effects on human 

health. Total dissolved solids are not included in the graphical analysis due to its close 

relationship with electrical conductivity. The mean value for each constituent has been used to 

reflect the concentration most likely to occur. To give an indication of the variability around 

the mean, the standard deviation has also been calculated. 

The component of the database that takes into account the borehole siting techniques available 

for each target feature is geophysics. The success of the dif~erent~geophysical methods used to 

detect the various target features are presented by means of histograms. The histograms reflect 
~. ' 

each target feature's yield achieved by different geophysical methods. The yield ranges utilised 

are those used by the DW AF in their hydrogeological mapping programme. These ranges have 

been chosen according to levels of exploitation (Table 30). The nl1mber of dry boreholes is also 
" 

a function of the aquifer's characteristics and is included to give an indication of failure. 

-
Table 30. Yield ranges and their capabilities. 

. YIELQ RANGE (I/s) I' ~>. 

' .. USE ~ '+. 

> 0 - 0.1 handpump for a few families 
0.1 - 0.5 handpump for a small community 
0.5 - 2.0 motorised pump for a small community 
2.0 - 5.0 motorised pump for a large community 

-!>5 motorised punW for a town 

The fourth component of groundwater development affecting the potential of groundwater for 

rural water supply is the cost of development. The major costs incurred during groundwater 

development are mostly by borehole drilling and to a lesser extent by the consultants' siting 

and supervision expenses. Those costs which are fixed regardless of the ultimate result are not 

regarded in this thesis. Only the costs which do vary according to the geology are integrated 

into the analysis. Geophysical and drilling methods are the two variable taken into account 
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when finally describing the development potential of KwaZulu-Natal aquifers for rural water 

supply. 

.' .. 
8.2. Spatial representation 

An increasingly popular, but more importantly practical and efficient method of capturing, 

storing, manipulating, analysing and displaying large quantities of spatial data is through 

geographic information systems (GIS). All of the maps produced in this thesis have been 

generated using a GIS. Some of the data displayed on the maps is primary data, such as rivers 

and forestry. Other features given on the maps are secondary and have been derived from a 

number of different sources or by manipulation processes, for example slope. In order to 

appreciate the GIS methodology utilised in this thesis, some principles of GIS are explained. 

Many definitions of GIS have evolved over the past two decades as the system has developed 

(Fraser, 1991). However, a simplified definition given by ESRl"(T992) adequately defines GIS 

as: 

A computer system capable of holding and using data describing places on the earth's 
surface. 

It should be stressed that a GIS is not a system for map making, but rather an analytical tool. 

The basic concept of a GIS is that it links spatial features with geographic and descriptive 

information about those features. This information is stored as attributes of the graphically 

represented feature. All information pertaining to the features make up a database. The three 

basic pieces of information that a user needs to know about every feature stored in the system 

are: what is it, where is it and how does it relate to other features? The use of a GIS can easily 

answer these questio~s through its ability to associate data with features on a map and to create 

new relationships to aid in analysis. 

8.2.1. Data structure 

Geographic information is represented as features with associated attributes. Features are 

distinctly different from one another and can be either points , tics, nodes, lines or polygons. A 

point is a spatial object with no area. An example of this would be a borehole representing a 

known position on the earth's surface with its associated information, such as longitude, 
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latitude, water strikes, geology, static water level, yield, etc. A line is a spatial object made up 

of a connected sequence of points. Common line features include roads and rivers. Each line 

would have information about the feature, such ilS the length of a road or the average flow 
~ 

along a particular section of river. Nodes are special kinds of points, usually indicating the 

junction between lines or the ends of line segments. A polygon is an area bounded by a closed 

loop of straight line segments. Each polygon will have it's own information, for example, 

geology could be represented by different polygons with information about the area, 

stratigraphy, lithology and average weathering depth. Tics are registration or geographic 

control points on a map which allow all features to be registered to the same co-ordinate 

system. 

All the above features are thus represented in a vector model, where the position of each feature 

is defined by its placement on the earth's surface. Each different type of spatial feature or 

theme in a GIS is referred to as a data layer, data plane or coverage. Another method of 

representing data is through a raster model. This model revolves around a grid of regulafly 

subdivided cells. The location of geographic features or conditions is defined by the row and 

column position of the cells they occupy. The value within each cell indicates the type of 

feature or condition that is found at that location. Therefore, the cells of the raster model do not - -
exactly correspond to the spatial entities they represent in the real world. 

A third model which is based on vector-based topological data is the Triangular Irregular 

Network (TIN). This model is best used to represent terrain data. A TIN represents the terrain 

surface as a set of interconnected triangular facets. For each of the three vertices, the 

geographic location (XY co-ordinate) and the elevation (Z co-ordinate) values are encoded. 

Table 31 reflects the ~patial data types of coverages used in this thesis. 
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Table 31. Spatial data types of coverages used in this thesis. 

PRIMARY DATA -.. .. point lin!! polygon grid 

'-
Ix (raster) 

land use .' ). ./ 
geology " ./ 
lineaments ./ 
faults ./ 
terrain morphology units ./ 
evaporation ./ 
rivers ./ 
dams and natural lakes ./ 
soils ./ 
natural vegetation ./ 
population density ./ 
boreholes ./ 

SECONDARY DATA I 

topography (derived from minute by minute point data) ./ 
slope (derived from topography) ./ 
mean annual precipitation (derived from minute by minute - ./ 
point data) - • c,.. ~ 

8.2.2. GIS software 

The GIS packages used in this thesis were ArclInfo and Arc View2, both products of the 

Environmental Systems Research Institute. A number of large KwaZulu-Natal organisations, 

such as the DWAF, Durban Metro Council, CSIR, the Natal Parks Board, University of Natal, 

Pietermaritzburg and Umgeni Water are users of this software, which although costly, is more 

powerful than most other systems. Digital data conversion of most of the commonly used data 

was relatively uncomplicated, however some complex DXF files proved to be somewhat 

difficult to convert. 

ArclInfo consists of a number of modules which if used in an integrated manner can strongly 

enhance the use of a GIS. Some of the functions within the modules which were used for 

geographic data modelling as shown in Table 32. 
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Table 32. Summary of the geographic data models used in this thesis (after ESRI. 1992). 
GEOGR.APHICDATA .. STRUCTURE SPATIAL USES 
. SET .. . OBJECTS.. .. .. 

Data layer 

r-
~ 

--/' 

.~ 
.....- 3 

~ 
~ 

1 +1 

Grids 

TIN 

Lattices 

+ -+- + + ~ 
-+- , + + + --, 

, I + + , T 

I -+- + + + --j- , 
+ + + , + + , 

I 
" 

ffi 

vector 
arc-node 
topological 
georelational 

raster 
georelational 

surface 
triangulated -
irregular network 

surface 
digital elevation 
model 
grid 
raster 
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.ar~s 

. nodes 
polygons 
annotation 

cells 

xyz nodes 
edges 
triangles 

xyz points 

• > 

• cartographic database 
• automation and update of 

spatial data 
• linear feature modelling 
• base maps for cartography 
• spatial database management 

• spatial analysis and 
modelling 

• spatial process modelling 

• surface representation 
• surface modelling and 

display (e.g., contouring, 3-
D displays, profiles) 

• surface representatio.n. 
• surface modelling and 

display (e.g., shades relief, 
3-D display, slope/aspect) 



9. HYDROGEOLOGY OF RURAL KWAZULU-NATAL AQUIFERS 

There are a number of different aquifer systems within the province of KwaZulu-Natal. 
~. )., 

Secondary aquifers are the most abundant, with, primary aquifers covering only 13% of the 

province. The nature of the rock types or lithology and their tectonic history are the main 

controlling features of the aquifers' characteristics. For the sake of simplification, the different 

formations occurring within the province have been grouped into litfiologies of similar 

hydrogeological character which are called hydrolithologies. 

All the unconsolidated materials of Quaternary age have been grouped into one hydro lithology 

which includes most of the Maputaland Group, alluvium and the Masotcheni Formation. The 

Uloa Formation of the Maputaland Group has been grouped separately due to its characteristic 

karstic nature. The Zululand Group forms a hydrolithology on its own. The volcanics of the 

Drakensberg Group, Jozini and Letaba Formations together with intrusive dolerite each form 

separate groups. The large number of formations constituliIlgc;.. the sedimentary rocks of the 

Karoo Supergroup have been grouped together because of their predominant argillaceous 

nature, with the exception of the Vryheid Formation which is mainly arenaceous. The tillites of 

the Dwyka Group are also grouped separately. The Natal Group sandstone is given its own 

status and is not linked to any other hydrolithology. The basement rocks are separated into the 

rocks of the Natal Metamorphic Province, the Pongola Supergroup and the Ba[~erton 

Sequence. The Pongola Supergroup and Barberton-Sequence have further subdivisions within 

their main groups and intrusive acid rocks. Table 33 summarises the groupings and 

subdivisions as described. Note that the symbols given to each hydrolitholgical group are not 

always the standard symbol given on the Geological Survey geological maps. Where a number 

of formations have been grouped, a new symbol has been given. 

In order to get an indication of the relative extent of the different potential aquifers, the 

percentage coverage of each hydro lithology has been calculated for rural areas and compared to 

the coverage for the entire province (Figure 41). This graph shows that the important aquifers, 

based on their surface occurrence, are: argillaceous Karoo rocks (P), Vryheid Formation (Pv), 

Karoo dolerite (Jd) , Quaternary deposits (Q), Natal Metamorphic Province (NMP) , Natal 

Group sandstone (O-Sn) and Dwyka Formation tillite (C-Pd). 
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Table 33. Description of grouped hydrolithologies for KwaZulu-Natal used in this thesis. 

DESCRIPTION 'gROJJPING ~ ,\' SYMBOL' 
.... 

Quaternary sediments Maputaland Gropp ~ 
Masotcheni FQnpation 

Q 

river alluvium 
Uloa Formation Uloa Formation Tu 
Zululand Group siltstones and Zululand Group Km 
sandstones - -

dolerite Karoo Supergroup dolerite Jd 
Jozini rhyolite Jozini Formation Jj 
Letaba basalt Letaba Formation Jl 
Drakensberg basalt Drakensberg Group Jdb 
Karoo argillaceous rocks all Karoo Supergroup sedimentary rocks P 

except Vryheid Formation and Dwyka 
Group 

Ecca sandstone Vryl)eid Formation Pv 
D~yka tillite Dwyka Group C-Pd 

-. 

Natal Group sandstone Natal Group O-Sn 
Natal Metamorphic Province Natal Metamorphic Province NMP 
basement - - ~ 

~ 

Pongola basement Pongola Supergroup 
• intrusive granite .Rg 
• Mozaan Group Rm 
• Nsuze Group Zn 

Barberton basement Barberton SeqlJence -• intrusive rocks Zg 
• Empangeni Metamorphic Suite Zi 
• Nondweni Group Zct- . 

-

30 ~~------~--~~----~------~~--------------~ 
28 
26 

:g 24 
:u 22 
]j 20 
.s 18 

16 
'0 14 
8, 12 
~ 10 
~ 8 
e 6· 
QI 

I

i 0. ~ 
P Pv Jd Q 'C-Pd NMP O-Sn JI Zg' Jj Km' Rm Zn Jdb Rg Zd Tu Zi 

I 1m Kw aZulu-Natal • rural I i 

I I 
Figure 41. Graph showing percentage coverage of hydro lithologies in KwaZulu-Natal 

and rural areas with KwaZulu-Natal. 
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In addition to a determination of the most commonly occurring hydro lithologies in rural areas, 

an assessment of the distribution of population densities based on each hydiolithology has been 

made (Figure 42). This graph shows that together with the hydrolithologies mentioned .. 
previously, that the 10zini and Letaba Formations are also aquifers which form part of a 

significant groundwater demand by the rural population based on their surface distribution. 

This thesis will therefore focus on those aquifers occurring in KwaZulu-Natal which are 

expected to have greater groundwater demands. The groundwater demand on these 

hydrolithologies is supported by the number of boreholes drilled into each type during the 

drought relief programme (Figure 43). 

This chapter describes the hydrogeology of each hydrolithology, presents hydrogeological 

relevant statistics based on the data collected during the drought relief programme, and makes 

conclusions on the results obtained. Some of the targets features within each hydrolithology do 

not have much data due to the limited number of boreholes, thereby reducing the validity of 

interpretation and yield characterisation. 

9.1. Target feature yield 
~ -

The quantity of groundwater an aquifer is capable«of yielding is one of the important aspects to 

assess when deciding whether an aquifer is suitable for use in water supply. Experier:.c~ has 

shown that some aquifers in KwaZulu-Natal have significantly higher yields than others. 

However, previous work carried out on the characterisation of groundwater was undertaken at a 

scale of 1 : 250 000 so that spatial variability between and within hydrolithologies was masked. 

The data available in this thesis allowed the different target features within each hydrolithology 

to be characterised in terms of the recommended groundwater yield. 
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Figure 42. Percentage of rural areas covered by the various hydrolithologies over 
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Figure 43. Number of boreholes drilled into each hydrolithology during the drought relief 
programme. 

9.1.1. Karoo argillaceous rocks 

The predominantly argillaceous nature of most of the Karoo sediments results in low primary 
- ~ 

hydraulic conductivities which have been enhanced by fracturing. Porosity studies carried out 

by van Wyk (1963) on these sedimentary rocks in northern KwaZulu-Natal suggescaporosity 

average range of 2.4 - 26.9%. The severe compaction and diagenesis these sediments have 

undergone cause low porosity of these rocks (van Wyk, 1963). The Beaufort mudstones are the 
~ -

only rocks which have considerable porosity, however, their low groundwater yield implies 

that the pores are not well connected and/or that the pore suction is high. Weathering of- these 

rocks is limited with the products of weathering having a high clay content which further limits 

permeability. Table 34 presents the water-bearing features intersected during drilling, with the 

median yield of each feature given together with the number of wet and dry boreholes (Figure 

45). The secondary permeability imparted by fracturing in these rocks produces yields which 

vary from 0 - 2 lis (figure 44). The median yield of 0.2 lis is typical of yields expected from 

very fine-grained rocks. 

The second type of water -bearing feature in Karoo argillaceous rocks are contact aquifers. 

Arenaceous Karoo sedimentary rocks are the most common rock type, other than dolerite, in 

contact with argillaceous Karoo sedimentary rocks. The often well defined bedding plane, 

which separates the two rock types, provides a -preferential flow path through which 

groundwater may flow. Where lithologies have gradational changes from argillaceous to 
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arenaceous and no defined contact plane exists, no opportunity for preferential groundwater 

flow will be found. A total of 27 boreholes intersected the argillaceous and arenaceous Karoo 

contact (Table 34 and Table 35). Over 50% of the strikes were dry, but the successful boreholes 

generally had a higher yield than the fractured rock targets (Figure 46). 
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Figure 44. Cumulative yields of boreholes intersecting fractures in Karoo argil~~ceous 
rocks. 

Table 34. Hydrogeological targets within Karoo argillaceous rocks. 
TARGET NUMBER OF TA~_GET% MEDIAN DRY % DRY 

BOREHOLES WITHIN YIELD (I/s) WITHIN THE 
GROUP TARGET 

fractured 22 91.67 0.20 6 25.00- -

secondary porous 1 4.17 0.00 1 100.00 
contact with Karoo 1 4.17 0.50 0 0.00 
arenaceous rocks 
TOTAL 24 7 
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i • dry boreholes , 
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Figure 45. Summary of wet and dry boreholes drilled into Karoo argillaceous rocks and 
Ecca shales. 
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The arenaceous rocks interbedded within the Karoo argillaceous hydrolithology have been 

separated during analysis because of their distinct character. van Wyk (1963) gives the porosity 

of Karoo arenaceous rocks a value of between 5.4.~ <i:8%. The cumulative distribution of yields 

for the three target features within the Karooarenaceous rock is given in Figure 46 and the 

summary statistics in Table 35 and Figure 47. The fractured rock targets exhibit a low 

percentage of dry boreholes and the majority of the boreholes yield in the region of 0.1 lis. A 

yield of over 7.0 lis was obtained by one borehole which intersected a major fault. Weathered 

or" secondary porous Karoo arenaceous rock appears to have some potential, however, as 

weathering is limited, only two boreholes struck water in such a target. The yield results of the 

contact between the arenaceous and argillaceous Karoo rocks has been discussed previously. 
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Table 35. Hydrogeological targets within Karoo arenaceous rocks. 
TARGET NUMBER OF TARGET% MEDIAN DRY 

fractured 
secondary porous 

contact with Karoo argillaceous 
rocks 
TOTAL 

BOREHOLES WITHIN YIELD (lis) 
GROUP 

10 26.32 0.10 
2 5.26 0.33 
26 68.42 0.00 
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Figure 47. Summary of wet and dry boreholes in Karoo arenaceous rocks. 

The Ecca shales differ from the Karoo argillaceous rocks due to their relationship with the 

underlying formations, resulting in di{ferent target features (Table -36), even though they have 

very - similar lithological characteristics to the Karoo -argillaceous rocks. The porosity as 

determined by van Wyk (1963) is 2.5 - 2.7% for the VolksrustFormation and 1.5 - 3.1% for 
- - ~ 

the Pietermaritzburg Formation. The similarities between the Karoo argillaceous rock and the 

Ecca shales is also evident in their similar cumulative distribution of yields for fractured 

aquifers (Figure 44 and Figure 48). The contact between the Ecca shales (Volksrust Formation) 

and the top of the Vryheid Formation seems to yield more groundwater than the fractured Ecca 
r _ 

shale. The contacts with coal, Natal Group and Dwyka Group rocks were only intersected once 

each, thereby limiting comparisons. Figure 45 includes the wet and dry borehole statistics for 

the Ecca shales. 
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Table 36. Hydrogeological targets within Ecca shales. 
TARGET NUMBER OF TARGET % MEDIAN DRY % DRY 

BOREHOLES WITHIN YIELD (I/s) WITHIN THE 
GROUP TARGET 

fractured 6 210~ 0.20 0 0.00 
secondary porous 1 " 3.85 0.30 0 0.00 
featureless 1 3.85 0.00 1 100.00 
Volksrust Fonnation 15 57.69 0.30 3 20.00 
contact with Vryheid 
Fonnation 
contact with coal 1 3.85 0.30 0 0.00 
contact with Dwyka 1 3.85 0.30 0 0.00 
Group 
contact with NGS 1 3.85 0.15 0 0.00 

TOTAL 26 4 

9.1.2. Vryheid Formation 

The Vryheid Formation consists mostly of arenaceous rocks with a lesser amount of 

argillaceous sedimentary rock and coal. The generally coarse-grained nature of the sandstones 

does not provide primary porosity due to the effective cementation of the grains. van Wyk 

(1963) gives average porosity ranges of 4.0 - 12.9% for the arenaceous rocks of the Vryheid 

Formation and 1.8 - 2.5% for the argillaceous rocks. Weathering of these rocks is fimited due 

to the resistant nature of the quartz grains. Figure 49 depicts the cumulative distribution of the 

yields. The number of target features is lrmited to fractures and contacts with the 

Pietermaritzburg Formation shale (Table 37 and Figure 50). The fractures in the arenaceous 

Vryheid Formation are by far the best target featuTes within the hydrolithology. The median 

yield of O.4l1s is high for KwaZulu-Natal aquifers and only just over 1?% of drilled boreholes 

were dry. The Pietermaritzburg Formation shale of the Ecca Group has a lower median yield at 

its contact with the Vryheid Formation, than does the Volksrust Formation. There were also a 

large proportion of dry boreholes drilled on this contact. One borehole was drilled into a rare 

weathered zone whith produced 6.0 lis. Whether t~is high blown yield is sustainable for a 

period of time is questionable. 
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Table 37. Hydrogeological targets in Vryheid Formation sandStones of the Ecca Group. 
TARGET NUMBER OF TARGET % MEDIAN DRY % DRY 

BOREHOLES WITHIN YIELD (lis) WITHIN 

fractured 
secondary porous 
contact with Ecca shale 

TOTAL 

31 
1 

11 

43 

secondary 
porous 

GROUP THE 

72.09 

2.33 
25.58 

0040 
6.00 

0.00 

contact with 
Ecca shale 

I 
, I 

I 

TARGET 
7 16.28 

0 0.00 

8 12.73 

15 

.dry boreholes i 

Ow et boreholes I 

Figure 50. Summary of wet and dry boreholes drilled into Vryheid Formation sandstone 
aquifers. 

9.1.3. Natal Metamorphic Province 

The Natal Metamorphic Province essentially comprises metamorphosed crystalline rock with 

lesser amounts of argillaceous metamorphosed rock. The rocks display varying degrees of 
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metamorphism such that very weakly metamorphosed granite remains called a granite. For the 

most part, the rocks of the Natal Metamorphic Province behave hydraulically as typical 

basement rocks, where the process of weathering p.la~s an important role in the development of 

water-bearing zones.-

Where the greatest depth of weathering occurs it can generally be assumed that it has been 
- -

influenced by a fracture zone (Barker et al., 1992). It therefore makes sense to site a borehole 

where the weathering depth is at a maximum. The thickness and lithology of the regolith or 

weathered zone depends upon bedrock type, the extent of fracturing, subsequent erosion and 

climate. Thicker regoliths are linked to older rocks and higher rainfall. Fissure systems in the 

granite enhance weathering and may leave rounded blocks in the regolith known as corestones. 

The transition between weathered and solid bedrock is usually a gradual one, but can in some 

instances be a sharp contact. In granite and gneiss lithologies the regolith is mostly comprised 

of quartz grains, mica and clay minerals. 

Weathering in crystalline rocks usually results in a material which has a high porosity but low 

permeability due to the clay content in the weathered rock. Generally, the regolith system is in 

hydraulic connectivity with the underlying fractured or solid bedrock. Hence, a borehole drilled 
~ -.-

below the regolith will draw from the storage above. The Natal Metamorphic Province is more 

faulted than the other hydrolithologies. This fact is illustrated in Figure 51. The susceptibility 

of these basement rocks to faulting is probably due -to their brittle nature compared to the more 

ductile behaviour of the argillaceous sedimentary rocks and to its greater age, which has 

exposed it to more tectonic activity. 

The extent of weath;ring and its effect on permeability is evident from the low number of 

secondary porous targets encountered during drilliiig- in the Natal Metamorphic- Province 

(Table 38). Those boreholes which struck weathered zones only produced a median yield of 

between 0.14 and 0.34 lis and none of them were dry. Fractures below regoliths, particularly in 

the granites and granite gneisses, also yielded in the region of 0.1 lis but approximately 27% of 

the boreholes were dry. The general shape of the cumulative distribution yields for all the 

fractured Natal Metamorphic Province rocks is fairly uniform (Figure 52). Figure 53 

summarises the occurrence of wet and dry boreholes graphically. 
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Table 38. Hydrogeological targets and lithologies within the Natal Metamorphic 
Province. 

TARGET NUMBER OF TARGET % MEDIAN DRY 
BOREHOLES -WITHIN YIELD (lis) 

GROUP 

fractured amphibolite 41 19.90 0.07 14 

fractured diorite 9 '4.37 0.07 4 
fractured quartzite -1 0.49 0.00 1 
fractured migmatite 3 1.46 0.08 1 
fractured schist 13 6.31 0.14 3 
fractured gneiss 59 28.64 0.19 16 
secondary porous gneiss 3 1.46 0.14 0 
featureless gneiss 3 1.46 0.00 2 
gneiss/schist contact -' 1 0.49 5.00 0 
fractured granite 55 26:70 0.10 15 
secondary porous granite 7 3.40 0.36 0 
featureless granite 11 5.34 0.00 11 

TOTAL 206 100.00 67 
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the Natal Metamorphic Province. 
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Figure 53. Summary of wet and dry boreholes drilled into Natal Metamorphic Province 
rocks. ' 

9.1.4. Quaternary sediments 

The extent of the Quaternary sediments in KwaZulu-Natal and its coverage of almost 9% of 

rural areas makes these primary aquifers some of the most important in the province. The 

majority of the sediments form part of the proposed Maputaland Group and its associated 

formations. It is in this group, and not in river alluvium or the Masotcheni Formation, that the 
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boreholes were drilled during the drought relief programme. This section will therefore only 

focus on the formations of the Maputaland Group and the hydrogeology of each formation will 

be described in order of increasing depth or age. .' .. 

The Berea-type red sands, often found on dune ridges, are the weathered component of dune 

sands and are rich in fine-grained material. The groundwater potential in these sands is low due 
- -

to the elevated position at which they are generally found. However, in places where the dune 

sand overlies bedrock at shallow depths, groundwater can be encountered at the contact. In this 

case, the sands are not the aquifer but they do provide storage to the more permeable contact 

zone. The Sibayi Formation is similar in its hydrogeology to the Berea-type sand, except that 

the colour of the sand is more yellow brown and is not as fine-grained. 

The Xwambonambi Formation for the most part comprises redistributed sands varying from 

fine- to coarse-grained in places. It is mainly within this formation that shallow hand-dug wells 
~ 

are common. The two underlying formations have been derived from the well known upper 

and lower Port Dumford Formations. These have now been named the Kosi Bay and Port 

Dumford Formation respectively (pers. comm. Botha, 1995). The collective thickness of these 

two formations has been reported to be up to 75 m. The grain sizes of the formations are - -
generally fine, though coarser sand lenses and palaeochannels are present. The fine grain size 

of the materials results in low permeability but does provide for vast storage to feed the 

underlying Vloa and Vmkwelane Formations. A.reas where coarser-grained deposits are 

encountered within the Port Dumford and Kosi Bay Formations, do in themselves, constitute 

good aquifers. The only aquifer characteristics given in the literature for the sand of the 

Maputaland Group are provided in Table 39. 

Table' 39. Hydraulic conductivity of Maputaland Group sands 
(Meyer and Godfrey, 1995). 

AQUIFER HYDRAULIC CONDUCTIVITY 

-
(mlday) -

cover sands 15.6 
older aeolian sands 0.87 
Port Dumford Formation 4.3 
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The Sibayi, K wambonambi, Kosi and Port Dumford Formations are those which collectively 

contain the groundwater target of fine sand (Table AO). These formations have not been 

separated due to the borehole logs not differentiating between the formations. 

Table 40. Hydrogeological targets in the Maputaland Group. 
TARGET NUMBER OF TARGET % MEDIAN DRY 

palaeochannels 
fine sands 
Uloa Fonnation 
contact with Zululand Group 

TOTAL 

BOREHOLES WITHIN YIELD (lis) 

GROUP 

7 18.42 1.53 
18 47.37 0.05 
1 2.63 2.50 

12 31.58 0.00 

38 

1 
5 
0 
7 

13 

% DRY 
WJTHINTHE 

TARGET 

14.29 
27.78 
0.00 

58.33 

Also of importance are the Uloa qnd Umkwelane Formations, which form part of the 

Maputaland Group, but are Tertiary in age. These lowermost formations essentially comprise 

coquina, conglomerates and calcarenites. They have been found to have the highest potential as 

aquifers within the coastal plain. Unfortunately, the ext~nt ~of the Uloa and Umkwelane 

Formations is not continuous and collectively they range in thickness from 25 m tove'fy thin. 

Meyer and Godfrey (1995) state that, depending on the thickness and degree of weathering or 

karstification, yields of up to 25 lis can be attained. Due to the great thickness of the overlying - -" 

sediments it is difficult to identify the location of the Uloa Formation using geophysical 

techniques. 

The graph showing cumulative yield distributions for the Maputaland Group sediments is 

presented in Figure 54. This graph confirms that the coarser deposits in palaeochannels yield 

more groundwater than the extensive fine sands. The one borehole drilled into the Uloa 

Formation fulfilled its high yield potential and gave a yield of 2.5 lis. The low yield of the 
-' 

sands is probably more a function of incorrect siting methods than its actual potentiat as will be 

described in a following section. The contact at the base of the sands with the Zululand Group 

is not a reliable target, as almost 60% of the boreholes were dry. Figure 55 summarises the 

number of wet and dry boreholes drilled into the Maputaland Group. 
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The Cretaceous-aged Zululand Group resting unconformably above the Karoo Supergroup 

volcanic rocks also need mentioning. These argillaceous rocks, viz. St Lucia and Mzinene 

Formations have a ffiw permeability and are renow~ed for yielding saline groundwater. The 

high salt content of these siltstones is a result of their marine origin. Groundwater' from this 

formation is not recommended for potable water supply unless it is treated. The basal 

conglomerate horizon of the Makatini Formation is potentially the best aquifer in the group 

even though no known boreholes have been drilled into the formation. Table 41 shows that of 

the 22 boreholes drilled, 20 of them were dry, thus confirming the low water-bearing potential 

of the Zululand Group. 
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Table 41. Hydrogeological targets with the Zululand Group. 
TARGET 

reworked material 

sandstone/siltstone contact 
siltstone 

TOTAL 

9.1.5. Dwyka Group 

NUMBER OF TARGET % MEDIAN DRY % DRY 
BOREHOLES .' WITHIN YIELD (lis) WITHIN 

" . GROUP 

1 4.55 
14 63.64 
7 31.82 

22 

0.13 0 
0.00 13 
0.00 7 

20 

THE 
TARGET 

0.00 
92.86 

100.00 

The Dwyka Group is generally not an aquifer and is only mentioned as being of importance 

because of the large rural area that it underlies. The lithified till consists of a fine-grained 

matrix with inclusions of foreign rock. The porosity derived by van Wyk (1963) from seven 

samples ranges between 0.5 and 1.3%. There is no primaly permeability and groundwater flow 

is restricted to fractures. It is evident from the large number of dry boreholes drilled into the -- ..;...-

rock that it has low water-bearing potential (Table 42). The fractured tillite produces a median 

yield of 0.1 lis, however, larger faults intersected do produce greater amounts of ·water. For 

example, a borehole in Inanda is reported to have intersected a major fault and associated 

breccia in Dwyka tillite and to have yielded ill,. excess of 8 1Ls (pers. comm. van Niekerk, 

1996). Three of the boreholes drilled into fractured tillite during the drought relief programme 

are thought to have intersected large faults and have yields of greater than 2.0 1/s (Figure 56). 

Smaller faults have been shown to yield generally less than the major faults. This could be 

attributed to the fact that the larger faults have created a greater spread of sympathetic faulting 

which increases connectivity and hence more groundwater collection occurs. 

The only other accessible targets of the Dwyka Group are its contacts with underlying 

lithologies. The Dwyka Group's contact with Natal Group sandstone was expected to have a 

higher yield than proved to be the case and it's contact with basement rocks was only 

intersected three times. A large number of dry holes were drilled during the programme, 

probably due to the massive and often structureless nature of the tillite. The fact that some 

boreholes were drilled into unfractured tillite is cause for concern considering geophysics was 

used to site the boreholes. This aspect will be dealt with in a following section. 
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Figure 56. Cumulative distribution of blow tested yields within the Dwyka Group tillites. 

Table 42. Hydrogeological targets in Dwyka (J-roup tillite. 
TARGET 

fractured 
secondary porous 
featureless 
contact with NGS 
contact with NMP 
contact with Dwyka shale 
contact with Swazian granite 

TOTAL 

50 

45 1 

40 

35 
VI .. 
0 30 -= 
~ 
0 

25 .c 
'0 
Cii 20 .c 
E 
:::I 15 z 

10 

5 

0 
fractured seeD nd ary 

po (0 us 

NUMBER OF 
BOREHOLES 

43 
1 

49 
21 
2 
2 
1 

119 

featureless 

TARGET % MEDIAN DRY % DRY 
WITHIN 
GROUP 

36.13 
0.84 
41.18 
17.65 
1.68 
1.68 
0.84 

contact, 
withNGS 

- YiELD (I/s) WITHIN 

0.10 
0.00 
0.00 

-0.00 

co ntact 
with NM P 

0.05 
0.97 

1.53 

THE 
TARGET 

14 32.56 
1 100.00 

39 79.59 
16 76.19 
1 50.00 

0 0.00 

0 0,00· 

71 

-i. dry boreholes 

low et boreholes 

co ntact 
with 

Dwyka 
shale 

co ntact 
with Z9 

Figure 57. Summary of wet and dry boreholes drilled into Dwyka Group tillite. 
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9.1.6. Dolerite 

Dolerite in the form of sills or sheets underlie almost 9% of rural areas in KwaZulu-Natal. 

Below the surface of_sedimentary Karoo rocks, arr asditional vast amount of intrusive dolerite 

sills and dykes also occurs. Feeder dykes through the Natal Group sandstone and basement 

rocks of the Natal Metamorphic Province, Pongola Supergroup and the Barberton Sequence 

also occur. van Wyk (1963) states that the yield of more than 80% of the s.!1cc~ssful boreholes 

drilled into sedimentary rocks are directly or indirectly the results of the effects produced by 

dolerite intrusions on the normally non-water bearing rocks. The host rock into which dolerite 

has intruded often displays some alteration as a result. These changes are due to the "baking" 

effects of the intrusion (van Wyk, 1963). The process of "baking" involves the hardening of the 

host rock at the contact with dolerite and the formation of a chill margin in the dolerite itself. 

Another process that also occurs near- the contact zone is a very slight disturbance of the host 

rock (van Wyk, 1963). During the intrusion of dolerite, Du Toit (1918) found that the 

sedimentary rocks above it are displaced. This displac~me1]t causes fracturing which is 

commonly observed in borehole records. Older dolerite intrusions can themselves be i?truded 

by younger intrusions which in tum will cause fracturing. Where the climate is humid and 

damp, weathering of the dolerite along these contacts and fractures further enhances the water­

bearing capabilities of these zones by increasing ibe storativity of-the dolerite. 

Dolerite sills within argillaceous Karoo sedimentary rocks are more common than aolerite 

dykes due to the well-bedded nature Df the rocks into which they have intruded. Dolerite sills 

within the argillaceous Karoo rocks represents 21 % of the total Karoo rock surface area, and 

15.5% of the total length of 1 : 2500000 mapped dolerite dykes in KwaZulu-Natal intrude the 

surface of Karoo rocks (Figure 58). 

An assessment of the cumulative distribution of yields for the different lithologies'in contact 

with intrusive dolerite shows that over half of the contacts give a median of zero (Figure 59 and 

Table 43). In particular, it is surprising to see that the dolerite contact with Vryheid Formation 

and Ecca shales exhibit poor yields. The fractures within these two hydrolithologies were 

previously shown to yield a greater amount of groundwater than the contacts. This could point 

to the fact that the hydraulic conductivity of the dolerite contact plane is not as high as what 

would be expected, and that the fractures have a much higher hydraulic conductivity. The same 
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explanation for the 80% dry boreholes intersecting the contact between dolerite and the Dwyka 

Group can be given as for the Ecca Group shales. The Jozini Formation also has a high 

percentage of dry boreholes at its contact with the dolerite intrusions. However, there are some 
~. )., 

very high yielding strikes, which give the impression that this contact can give yields that 

deviate substantially from the standard. 

i·' 
I 

. f 

Figure 58. Total length of mapped dolerite dykes within each hydrolithology covering 
K waZulu-Natal. 

The Karoo argillaceous and arenaceous rocks, with a total of 24 records between them, each 

produced one third dry boreholes. The median yield of the Karoo arenaceous rocks' eemtact 

with dolerite was slightly lower than that of the argillaceous rock's, but this could be attributed 

to the low number of boreholes drilled into it. The Natal Group sandstone's contact with 

dolerite proves to be the best contact to exploit upon reflection of its median yield compared to 

the other contacts (Table 43). As was the case in the Karoo rocks, there was a failure rate of a 

third of the total nupber of boreholes drilled into the contact. The success rate of 66% is, 

however, the maximum obtained from all the contacts. 

The basement rocks are not commonly intruded by dolerite sills but rather by dykes. This is 

illustrated by the large percentage of dykes contained within the Swazian aged intrusive 

granites (Zg) in Figure 58. Unfortunately, not many boreholes intersected the dolerite contact 

within the Natal Metamorphic Province and Swazian' granites (Table 43). The two boreholes 

drilled into the Natal Metamorphic Province were both dry, however, this does not mean that 
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all contacts will be non-water bearing. Due to the scarcity of data for this contact feature, not 

much can be concluded, suffice to say that the author does know of instances where the average 

yields of this contact have been found to be apprQximately 0.1 lis in successful boreholes. The .. 
median yield of the contact of dolerite dykes with the older Swazi an granites is 0.23 lis which 

is enhanced by the lack of dry boreholes. 
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Figure 59. Cumulative distribution of pump tested yields for contacts of host rocks with 
dolerite intrusions. 

Table 43. Hydrogeological contacts with dolerite. 
TARGET NUMBER OF TARGET % MEDIAN . DRY % DRY 

BOREHOLES WITHIN YIELD (lis) WITHIN 
GROUP THE 

TARGET 
contact with Jozini rhyolite 24 25.53 0.00 14 58.33 
contact with Karoo arenaceous 3 3.19 0.10 1 33.33 
rocks 
contact with Karoo argillaceous 21 22.34 0.16 7 33.33 
rocks 
contact with Vryheid Formation 17 18.09 0.00 9 52.94 
contact with Ecca shale 12 12.77 0.00 7 58.33 
contact with Dwyka tillite 5 5.32 0.00 4 80.00 
contact with NGS 6 6.38 0.33 2 33.33 
contact with NMP 2 2.13 0.00 2 100.00 
contact with Swazian granite 4 4.26 0.23 0 0.00 
TOTAL 94 46 
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Figure 60. Summary of wet and dry boreholes drilled into the contacts of a number of 
lithologies with dolerite. 

Apart from the actual contact plane acting as a water-bearing featur~, the dolerite itself contains 

fract~res and weathered zones capable of yielding groundwater.. In some areas, thick dolerite 

sills are the only geological materials from which target features must be sought. More 

commonly, however, fractured or weathered dolerite sills may yteId groundwater without direct 

influence from the contact plane. Fractures within the dolerite may be an indirect result of the 

process of intrusion, but due to this fact being difficult to determine from the geological logs, 

fractured and secondary porous type aquifers in dolerite have been isolated from the contact 
-

type aquifers. Fracturing in dolerite is more abundant than in argillaceous host rocks because of 

its higher competence. 

Fractured dolerite produces a high groundwater yield, as demonstrated in the cumulative 

distribution plots (Figure 61) where the majority of the boreholes striking fractures are above 

0.1 lis and only less than 17% are dry (Table 44 and Figure 62). Weathering processes act upon 

dolerite in the same manner as upon the crystalline basement rocks. Contact zones or fractures 
-' 

are susceptible to weathering since they often contain the groundwater to act as an enhanced 

weathering agent. It is often in these zones that reddish clayey secondary porous material can 

be found. The weathered dolerite, because of its high clay content resulting from the 

weathering of feldspars, has a low permeability and a high storativity. It therefore acts as a 

storage matrix "sponge" which contributes groundwater to underlying fractures or contact 

planes. Significant groundwater strikes from weathered zones are few (Table 44), with the 

greater percentage of the strikes occurring in fractures. Boreholes intersecting water-bearing 
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secondary porous material did produce a median yield similar to that of fractured dolerite, 

however, yields greater than 1.0 lis are not to be expected (Figure 61). A summary of the total 

number of wet and dry boreholes is provided in Figure 62 . .. 
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Figure 61. Cumulative distribution of pump tested yield in Karoo Supergroup dolerite. 
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Table 44. Hydrogeological targets in dolerite. 
TARGET NUMBER OF TARGET % MEDIAN 

BOREHOLES WITHIN YIELD 
GROUP 

71 83.53 0.13 
secondary porous 8 9.41 0.11 
featureless 5 5.88 0.00 
secondary porous/featureless 1 -1.18 0.10 
contact 
TOTAL 85 
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Figure 62. Summary of wet and dry boreholes drilled into various targets within dolerite. 
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9.1.7. Natal Group 

The Natal Group sandstones are one of the best hydrolithological prospects for groundwater in 

KwaZulu-Natal. van Wyk (1963) determined that the average porosity for the Natal Group 
< 

sandstones ranges between 9.0 and 16.9%, however, cementation of the pore spaces restricts 

primary porosity. Boreholes drilled into the Natal Group were the second highest in number of 

the total 993 boreholes drilled in the programme, with fractures being the most common feature 

intersected (Table 45). Given the low percentage of dry boreholes, the large number of 

boreholes yielding in excess of 1.0 lis, together with the high median yield of 0.14 lis, the 

fractured aquifers of the Natal Group sandstones are shown to be relatively productive. 

Secondary porosity aquifers induced by weathering have a median yield of 0.32 lis, but have a 

slightly larger failure rate than purely fractured aquifers. This could be attributed to the fact that 

there is a fair amount of feldspar in the sandstones which produces a slightly to moderately 

clayey product, thereby decreasing fracture permeability. 

The contacts of Natal Group sandstone with the various underlying formations were only 

intersected seven times. This is not really enough data to give suitable comment on each of 

their likelihood's of producing groundwater, although, the contact with the Natal Metamorphic 

Province appears to give a promising median yiel9 of 0.6 lis. 
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Table 45. Hydrogeological targets in Natal Group sandstone. 
TARGET NUMBER OF TARGET % MEDIAN DRY % DRY 

WITHIN 
THE 

TARGET 

fractured 

secondary porous 
featureless 

contact with NMP 

contact with NGS shale 

contact with Swazian granite 

TOTAL -

120 
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0, 
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BOREHOLES WITHIN YIELD (lis) 
GROUP 

118 
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secondary featureless 

porous 

.' .. 
82.52 
4.20 

8.39 
2.10 
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0.70 

100.00 

contact 
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0.14 
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0.00 
0.60 
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0.00 
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Figure 64. Summary of wet and dry boreholes drilled into different targets in Natal 
Group sandstone. 

9.1.8. Lebombo Group 

Both the rhyolites and basalts of the lozini and Letaba Formations of the Lebombo Group are 

examined in this section. Initially, on the basis of surface occurrence of the various 

hydrolithologies, only the lozini Formation was to be studied, however, due to the large 

number of boreholes drilled into the Letaba Formation basalts during the drought relief 

programme, they have also been included in the analysis. 
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9.1.8.1. Jozini Formation 

The rhyolite has a distinct character, in that it contains large numbers of internal rhyolite flows 

which present themselves as dyke-like bodies. TlJes..e structures are thought to be the feeders 

through which the lava reached the ground suHace (van Wyk, 1963). Fracturing commonly 

occurs along the contacts of these lava flows, and it was into these fractured features that most 

of the boreholes were drilled (Table 46). The median yield of the fractured rhyolite is 0.13 1/s, 

which was lower than that obtained of the three records from the secondary porous aquifers. 

The fractured aquifers, however, produced a higher success rate than the secondary porous 

features. The majority of the boreholes from both features gave a similar cumulative 

distribution yield plot, except for extreme values (Figure 65). The fractured features have a 

high yielding capability, while the secondary porous features could only produce a maximum 

of under 3.0 1/s. A large proportion of the boreholes which were drilled into rhyolite contained 

no Discernible potential water-bearing features and were therefore classed as featureless (Figure 

66). On only one occasion was pyroclastic tuff material interbedded with the rhyolite, as 
- ~ 

reported by van Wyk (1963), intersected. The yield generated from this one feature can only be 

classified as seepage. 
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Figure 65. Cumulative distribution of pump tested yields in Jozini Formation rhyolite. 
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Table 46. Hydrogeological targets in Jozini Formation rhyolite. 
TARGET NUMBER OF TARGET % MEDIAN DRY % DRY 

BOREHOLES WITHIN YIELD (I/s) WITHIN THE 

fractures 
secondary porous 

featureless 

tufflrhyolite contact 

TOTAL 

20 

18 

16 

~4 
·0 
~2 

.80 -' o 
~8 
..c 
E6 
::l 

Z4 

2 

fractured 

20 

3 
12 

1 
36 

secondary porous 

GROUP TARGET 

55.5'6 0.13 3 15.00 
< '8.33 0.48 1 33.33 

33.33 0.00 9 75.00 

2.78 0.09 0 0.00 

13 

• dry boreholes I • 

Dwet boreholes 

featureless tllff/rhyolite contact 

Figure 66. Summary of wet and dry boreholes drilled into Jozini Formation rhyolite. 

9.1.8.2. Letaba Formation 

van Wyk (1963) states that where two or more joint sets intersect in the Letaba Formation 

basalts, weathering basins of up to 26 m deep could form. The locations of these basins of 

decompostion are not characteristic of either hills or valleys, but are random. The weathered 

material has a low transmissivity and therefore does not itself yield water. Groundwater should 

generally be encounjered at the transition between weathered and fresh rock. The thickness of 

the transition can be anything from 0.5 to 12m (van-Wyk, 1963). As can be seen in Table 47, 

most of the successful boreholes were in fractures and not many were in secondary porous 

material. This target feature has one of the highest success rates of all the hydro lithologies 

analysed. The median yield, however, is average at 0.15 lis. Figure 67 shows that five of the 

highest yielding boreholes yielded between 1.0 and 4.0 lis. 
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As was expected, the actual weathered zone encountered above and below the fractures did not 

often produce water. Those four boreholes, which sp~cifjcally intersected secondary porous 

basalt aquifers produced by weathering, gave the same median yield as that for the fractured •. .. 
aquifers. The single borehole tapping the basalt contact with the underlying Karoo argillaceous 

rocks did produce a small amount of groundwater. A borehole intersecting a pegmatite vein 

gave a good yield of 0.5 lis. The occurrence of granitic pegmatite in the basalt is probably a 

result of large scale fracturing due to a nearby granitic intrusion. 

I 

, 

Table 47. Hydrogeological targets in the Letaba Formation basalts. 
TARGET NUMBER OF TARGET% MEDIAN DRY % DRY 

fractured 

secondary porous 

featureless 
ccmtact with Karoo argillaceous 
rock 
contact with pegmatite 

TOTAL 
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Figure 67. Cumulative distribution of pump tested yield in the various targ.ets of the 
Letaba Formation basalts. 
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Figure 68. Summary of wet of dry boreholes drilled into Letaba Formation basalt. 

9.2. Health related quality 

One of the current methods of water quality classification used in rural water supply is based 

on the assessment of certain key constituents which have an effect on human health (DWAF, 

1996). Almost 99% of the successful boreholes drilled in the drought relief programme were 

sampled for most of these health related constituents. The main health related problems 

associated with natural groundwater are high electrical conductivity, fluoride and nitrate values. 
~ -

The results of the chemical analysis are used to compare each target feature's chemistry with 

others in the same hydrolithology, and between hydrolithologies. 

9.2.1. Karoo argillaceous rock 

The drought relief drilling programme did not successfully drill into water-bearing Karoo 

argillaceous rock to the extent expected, considering the large area these rocks cover in rural 

areas. The ground\yater chemistry results in this hydrolithology are therefore not as 

representative as they should be, but some comments can be made on the relatively large 

number of Class III waters encountered in the fractured targets (Figure 69). 
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Figure 69. Summary of overall groundwater quality classes in Karoo argillaceous rocks. 

The fractured aquifers in Karoo argillaceous rock failed chemically, i.e. Class II or III, on high 

salts (Figure 70). The electrical conductivity values mostly fell into Class II and III, with the 

associated sodium and chloride concentrations also falling within the same categories. 

Ma.gnesium displayed similar concentrations, but fell predominantly into Class II. The high 

salinity of groundwater in argillaceous rocks is probably derived by cation exchange with the 

feldspars and clays of the host rock. The high fluoride values iii.~some of the samples are also 

probably a result of the contributions from feldspar, mica and clay. 

The one sample from the contact between Karoo argillaceous and arenaceous rock did not 

display the same characteristics as the fractured rock. All the measured health related 

constituents fell into Class O. Table 48 provides a summary of the statistics obtained f~o.m the 

chemical data in Karoo argillaceous targets. This table shows that, in general, fractured 

argillaceous Karoo aquifers have poor quality groundwater, particuiarly'with respect to salinity. 

The single sample taken at the contact with Karoo arenaceous rock is not enough to be able to 

make a statement on the quality of the target feature, suffice to say that the quality should be 

somewhat better than the fractured target. 
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Figure 70. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Karoo argillaceous targets. 

Table 48. Statistics of health related chemistry in Karoo argillaceous groundwater. 
Numbers in parenthesis indicate number of samples. 

FRACTURED KAROO KAROO 
ARGILLACEOUS ARGILLACEOUS 

> (16) CONTACT WITH 
KAROO ARENACEOUS 

(1) 

MEAN CLASS STANDARD VALUE> CLASS 
DEVIATION - > ~ 

~ 

pH 8.0 0 0.6 7.4 0 
EC (mS/m) 350.5 II 307.6 14.0 0 
TDS (mg/l) 2238.3 II 1949.3 72.0 0 
Mg (mg!l) 60.3 I 86.0 2.0 0 
Na (mg!l) 547.9 III 469.9 11.0 0 
K(mg!l) 8.0 0 s..o 0.2 0 -
Cl (mg!l) 993.8 III 1048.2 8.0 0 

S04 (mg!l) 40.1 0 33.5 11.0 0 
N03 (mg!l) 9.2 I 18.2 4.2 0 

F (mg!l) 1.5 0 1.2 - 0.0 0 
OVERALL III 0 

The number of samples abstracted from boreholes in Karoo arenaceous rock is similar to those 

taken from the argillaceous rock, with similar chemical results confirming their close 

interbedded nature (Table 48 and Table 49). Once again, the fractured rock targets yielded 
-' 

groundwater only in Class III, while the contact with' argillaceous rock produced gr~:)Undwater 

in both Class 0 and III (Figure 71). The single secondary porous sample also fell into Class III. 

Overall, groundwater from targets within this hydrolithology were found to be unpotable 

without appropriate treatment. 
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Figure 71. Summary of overall groundwater quality classes in Karoo arenaceous rocks. 

High electrical conductivity, sodium and chloride values in the fractured aquifers, as in the case 

of the argillaceous rock, are the main reason for most of the samples falling into Class III. 

Magnesium concentrations are found> to be spread between Class I, II and III. The sulphate 

concentrations are generally higher than those in the fractured argillaceous rock. A reason for 

high sulphate values in the Karoo rocks could be due to oxidation of pyrite which is commonly 
~ 

mineralised into fractures. Fluoride values in fractured arenaceous rock only exceeded Class I 

on one occasion, which suggests from the limited samples that this constituent is prolJab1y not a 

problem in the arenaceous rocks due to limited cation exchange with clays. Potassium values 

rarely exceed Class 0. Nitrate was mostly within Class 0, but two samples fell into the Class III 
~ -

range giving a large standard deviation of 19.7 mg/l. Any nitrate in groundwater is probably 

not natural and is a result of human or animal activity. 

The secondary porous sample displayed similar characteristics to those Of the fractured rock but 

of a slightly lesser concentration. Those rocks in contact with Karoo argillaceous rocks yielded 

groundwater which either fell into Class 0 or III. This highly variable nature (Table 49) makes 

it impossible to detetp1ine which class the contact aquifer is overall likely to result in. Figure 72 

displays all the graphs of the health related constituerit concentrations. 
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Figure 72. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Karoo arenaceous targets. 

Table 49. Statistics of health related chemistry in Karoo arenaceous groundwater. 
Numbers in parenthesis indicate number of samples. 

FRACTURED KAROO SECONDARY KAROO ARENACEOUS 
ARENACEOUS· POROUS CONTACT WITH KAROO 

(9) KAROO ARGILLACEOUS 
ARENACEOUS (9) 

(1) 

MEAN CLASS STANDARD VALUE CLASS Mj:AN CLASS STANDARD 
DEVIATION DEVIATION 

pH 8.0 0 0.3 8.0 0 7.7 0 0.3 .' 
EC (mS/m) 677.9 III 426.7 254.0 II 791.1 III ·1153-1 
TDS (mg!l) 4501.8 III 2872.9 1644.0 II 2980.2 III 4328.4 
Mg (mg!l) 120.7 III 87.2 42.0 I 78.7 II 82.1 
Na (mg!l) 1316.2 III 917.3 447.0 III 773.8 III 1161.6 
K(mg!l) 20.5 0 16.3 2,;0 0 10.1 0 17.0 
Cl (mgll) 2102.8 III 1695.9 393.0 II 1498.7 III 2497.6 

S04 (mg!l) 202.4 I 159.6 22.0 0 127.0 0 252.4 
N03 (mg!l) 12.3 II 19.7 0.0 0 6.2 I 11.3 . -

F (mg!l) 1.1 I 0.4 OS 0 1.4 I 1.6 

OVERALL III III III 

The Ecca shales have an overall better groundwater quality compared to Karoo argillaceous 

and arenaceous rocks. Figure 73 shows the number of boreholes within each class per target in 

the Ecca shales. The electrical conductivity in fractured targets is generally below Class I, 

although one sample of Class III did occur (Figure 74). The mean electrical conductivity given 

in Table 50 is positively skewed due to one very high extreme value. The predominate ions 

responsible for electrical conductivity are sodium, magnesium and chloride. Fluoride and 

nitrate concentrations fall within Class 0, except for one sample which had elevated nitrate 

levels of Class III. Sulphate concentrations for all targets were within Class O. 
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Figure 73. Summary of overall groundwater quality classes in Ecca shales. 

The single sample representing the secondary porous target had higher electrical conductivity, 

magnesium, sodium and chloride values than the fractured samples; resulting in Class II and III 

categorisation. Groundwater sampled from the one contact between coal and shale reflected a 

very poor quality water with only fluoride, nitrate and sulph~te c0!1tributing to Class O. The rest 

of the constituents all fell into Class III, including potassium. These high values lead one to the 
." 

belief that the groundwater has been contaminated chemically by interaction with the coal. 

Other contacts between Ecca shale and differe~~ rock types agpear to produce good quality 

groundwater. It's contacts with the Dwyka Group and Natal Group, in particular, yield Class 0 

groundwater, while the shales in contact with Vryheid Formation sandstones tend to- yield 

mainly Class 0 and I groundwater. One of the extreme samples from the Vryheid Formation 

contact displayed higher concentrations of fluoride, sodium and chloride which resulted in an 

overall class of III. This sample can be ignored as not being representative, probably due to 

interactions with another lithology 

Table 50 reflects that the quality of fractured Ecca shale is generally of Class II. This class of 

groundwater may only be used for a short period of time, or must be treated for long term use. 

The other target features are only represented by one sample which is statistically 

unsatisfactory. The only comment that can be made about these single samples is that the 

secondary porous Ecca shale appears to have a similar chemical character to the fractured shale, 

and that the coal contact produces very poor quality groundwater. The contacts with the Natal 

and Dwyka Groups appear to produce good quality groundwater. 
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Figure 74. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Ecca shales. 

Table 50. Statistics of health related chemistry in Ecca shale groundwater. Numbers in 
parenthesis indicate number of samples. 

FRACTURED ECCA SHALE SECONDARY 
(6) POROUS ECCA 

SHALE (1) 
MEAN CLASS STANDARD VALUE CLASS 

DEVIATION 

pH 8.0 0 0.2 2·6 0 
EC (mS/m) 194.4 II 294.2 274.0 II 
TDS (mg!l) 1331.5 II 1859.5 2260.0 II 
Mg (mg!l) 48.6 I 65.5 80.0 II 
Na (mg!l) 319.8 II 555.8 296.0 II 
K(mg!l) 8.8 0 11.2 4.3 0 
Cl (mg!l) 453.8 II 949.1 800.0 III 

S04 (mg!l) 39.3 0 .. 68.1 s:D 0 
N03 (mg!l) 3.6 0 7.6 0.1 0 

F (mg!l) 0.4 0 0.3 0.2 0 

OVERALL II III 
-

Table 51. Statistics of health related chemistry in Ecca shale groundwater continued. 
Numbers in parenthesis indicate number of samples. 

CONTACT WITH VRYHEID CONTACT CONTACT· CONTACT 
FORMATION WITH COAL WITHDWYKA WITH NATAL 

(12) (1) GROUP (1) GROUP (1) 

MEA~ CLASS STANDARD VALUE CLASS VALUE CLASS VALUE CLASS 
DEVIATION 

pH 7.5 0 0.7 8.0 0 7.3 0 6.5 • 0 

EC (mS/m) 59.2 0 77.4 760.0 III 34.7 0 12.8 0 
TDS (mg!l) 472.1 I 614.6 4762.0 III 248.0 0 85.0 0 
Mg (mg!l) 9.3 0 9.1 228.0 III 3.6 0 2.0 0 
Na (mg!l) 113.9 I 201.6 1222.0 III 47.0 0 17.0 0 
K(mg!l) 2.4 0 1.7 119.8 II 4.7 0 2.2 0 
Cl (mg!l) 92.6 0 240.6 2444.0 III 15.3 0 15.0 0 

S04 (mg!l) 8.8 0 11.2 144.0 0 3.0 0 4.0 0 
N03 (mg!l) 0.9 0 2.0 0.1 0 1.2 0 0.1 0 

F (mg!l) 0.6 0 0.5 0.5 0 0.3 0 0.6 0 
OVERALL I III 0 0 
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9.2.2. Vryheid Formation 

The majority of the boreholes drilled into the Vryheid Formation gave groundwater in the 

Class 0 and I range. Those boreholes intersectiQ.g·the contact with Ecca shales, however, gave 

groundwater which was of a poorer quality. Figure 75 shows a graph of the distribution of 

quality classes amongst the target groups. 
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Figure 75. Summary of overall groundwater quality classes for the Vryheid Formation. 

Groundwaters emanating from the fractures within the Vryheid Formation mostly have an 

electrical conductivity in the Class 0 range, however, some samples where scattered throughout - -
the other three classes (Figure 76). Table 52 shows the mean electrical conductivity of fractured 

Vryheid Formation sandstone to be within Class I, despite being skewed by a few high_ v.:alues. 

Sodium and chloride naturally follow the same trend as electrical conductivity but the values 

are slightly higher giving a mean value in Class II. Sulphate concentrations were all well within 

Class 0, but showed a slightly higher concentration than the other targets. This is probably a 

result of pyrite having been mineralised within the fractures. Fluoride, due to the low clay 

content, and nitrate)n fractured Vryheid sandstone are generally within Class 0 but a few 

samples did stray into the higher classes. 

Weathering of the Vryheid Formation which induces secondary porosity results in a 

hydrogeological target which yields excellent quality groundwater in Class 0 from the only 

successful borehole. This type of water noticeable contrasts with the groundwater emanating 

from the contact between the Vryheid Formation sandstones and the Ecca Group shales (Figure 

75). The reason for the poorer quality groundwater at the contact was due to high sodium, 
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chloride and fluoride as shown in Figure 76 which is probably related to interactions with clays 

in the shale. 
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Figure 76. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Vryheid Formation targets. 

Table 52. Statistics of health related chemistry in Vryheid Formation groundwater. 
Numbers in parenthesis indicate number of samples. 
FRACTURED VRYHEID SECONDARY CONTACT WITH ECCA 

FORMATION POROUS SHALE 
(25) VRYHEID (3) 

FORMATION 
(1) 

MEAN CLASS STANDARD VALUE CLASS MEAN CLASS STANDARD 
DEVIATION - . ~ - DEVIATION 

pH 7.6 0 0.8 8.3 0 8.3 0 0.3 
EC (mS/m) 144.4 I 217.4 49.8 0 123.0 I 81.5 

>-~-

TDS (mg!l) 943.0 I 1337.1 336.0 0 908.7 I 572.0 
Mg (mg!l) 31.5 I 58.0 10.4 0 22.3 0 35.2 
Na (mg!l) 227.1 II 368.1 89.0 0 204.3 II 149.9 
K(mg!l) 5.4 0 8.9 ..2.0 0 6.1 0 5.2 
CI (mg!l) 353.5 II 685.8 21.0 0 155.0 I 138.5 

S04 (mg!l) 24.4 0 40.5 7.0 0 8.0 0 12.1 
N03 (mg!l) 2.3 0 5.4 0.1 0 0.3 0 0.4 . -

F (mg!l) 0.8 0 1.0 0.4. 0 3.3 II 3.5 
OVERALL II 0 II 

9.2.3. Natal Metamorphic Province 

The large number of targets within the Natal Metamorphic Province may seem to make Figure 

77 appear somewhttt complex. To avoid further .~omplications, the scatter plots of each 

constituent have been separated according to lithology (Figure 78, Figure 79 and Figure 80). 

The overall groundwater quality of the Natal Metamorphic Province is good, however the 

schists are noticeably of a poorer quality. This is possibly due to the greater surface area of the 

fine-grained weathered product, thereby increasing contact area and thus cation exchange. 

Another possibility is that the original sediment, before diagenesis and metamorphism, may 

have been deposited into a marine environment which resulted in brackish connate water. 

182 



20 ________________________________________________________ ~ 

18 +-------_ 
.. 

16 +-______ _ 
1/1 
~ 14 +-__ .......-__ _ 
o 

I i 12 I ... 
~ 10 ' -o 8 ... 
Q) 

.c 6 
E 
~ 4 

2 

o 
o 

! III fractured a.rrphibolite 

• featureless gneiss 

.fractured mgrratite 

• fractured diorite 

mgneiss/schist contact 

.fractured schist 

II 

class 

[]fractured grieiss 

.fractured granite 

III 

csecondary porous gneiss 

[]secondary porous granite 

Figure 77. Summary of overall groundwater quality classes in Natal Metamorphic 
Province rocks. 

The majority of fractured amphibolite groundwater fell into Class 0 with the remainder into 
~ -

Class I and II. None of the samples were in Class III. Those constituents which consistently 

contributed to the Class I and II groundwaters were electrical conductivity, fluoride, sodium, 

chloride and sulphate (Figure 78). However, taking-into consideration all 27 samples, a mean in 

Class I for total dissolved solids and Class 0 for the rest of the constituents resulted. Fractured 

diorite follows similar trends in chemical concentrations to fractured amphibolite (Class I), 

with the exception of sodium, chloride and nitrate which vary considerably, while the fractured 

migmatite produced __ excellent quality groundwater. 

As mentioned previously, the schists produced the worst quality groundwater of the rocks 

encountered in the Natal Metamorphic Province. In particular, the constituent which gave the 

poorest result was fluoride. The high fluoride values found in schists and other argillaceous 

rocks may be related to the substitution of fluoride for (OH)- in mica minerals. Nitrate and 

sodium fell mainly within Class 0 but tended to give some higher concentrations. Some of the 

constituents, such as magnesium and chloride were found to be highly variable. 

" 
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Figure 78. Scatter plots displaying class limits of health related constituents for 
groundwater quality in fractured Natal Metamorphic Province targets. 

Table 53. Statistics of health related chemistry in fractured Natal Metamorphic Province 
rock groundwater. Numbers in parenthesis indicate number of samples. 

FRACTURED AMPlllBOLITE FRACTURED DIORITE FRACTURED FRACTURED SClllST 
(27) (5) MIGMATITE (1) (10) 

MEAN CLASS STANDARD MEAN CLASS STANDARD VALUE CLASS MEAN CLASS STANDARD 
- DEVIATION DEVIATION DEVIATION 

pH 7.8 0 0.6 7.7 0 004 8.3 0 8.1 0 0.2 '. 
EC (mS/m) 68.3 0 4904 88.0 I 63.7 63.0 0 192.3 II 155.1 
TDS (mg/l) 525.5 I 409.0 573.8 I 407.5 -48&0 I 130Ll II .930.7 
Mg (mg/l) 23.6 0 23.5 28.7 0 26.3 29.0 0 84.9 II 9204 
Na (mg/l) 77.8 0 74.1 105.2 I 83.0 58.0 0 18204 I " 115.3 
K(mgll) 4.6 0 3.5 3.1 0 2.3 3.0 0 11.5 '0 9.1 
CI (mg/l) 62.3 0 67.9 135.8 I 161.4 48.0 0 267.0 II 378.5 

S04 (mg/l) 15.1 0 12.5 3404 0 19.0 19.0 0 154.6 0 154.1 
N03 (mg/l) 4.0 0 5.9 9.0 I 12.9 2.9 0 16.8 II 28.6 

F (mg/l) 0.8 0 0.8 0.7 0 
~ 

0.6 004- 0 2.2 II 1.5 " 

OVERALL I I I II 

The four targets within the gneisses of the Natal Metamorphic Province each gave similar types 

of groundwater. The fractures produced a groundwater which tended to be somewhat variable 

especially with respect to electrical conductivity, magnesium, chloride and sulphate. Of these 

constituents sulphate was the only one to give a Class III result, the rest were distributed 

between Class 0 and II. Fluoride, nitrate and sodium fell mainly into Class 0 or I but did have 
-' 

some results in Class II. Even though Table 54 shows, the mean values for fractured gneiss to 

result in Class I groundwater, the individual values generally present fractured gneiss as being 

of moderate quality due to the large number of Class II values, thereby making it less desirable 

for drinking purposes without treatment. 

The three samples obtained from the secondary porous gneiss targets were highly variable with 

two of the samples' constituents mostly falling into Class 0 and one into Class III. This may be 

because of different residence times or because the poorer quality groundwater may have been 
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in contact with schist. Sulphate concentrations were low and resulted in Class O. One sample 

taken from a featureless target gave Class II groundwater due to high nitrates. The groundwater 

emanating from the contact between gneiss and schist yielded a water which was similar in .' .. 
composition to groundwater from fractured schim.· 
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Figure 79. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Natal Metamorphic Province gneiss. 

Table 54. Statistics of health related chemistry in Natal Metamorphic Province gneiss 
groundwater. Numbers in parenthesis indicate number of samples. 

FRACTURED GNEISS SECONDARY POROUS FEATURELESS CONTACT WITH 
(42) GNEISS - GNEISS SCHIST 

(3) (1) (1) 

MEAN CLASS STANDARD MEAN CLASS STANDARD VALUE CLASS VALUE CLASS 
DEVIATION DEVIATION -

pH 7.8 0 0.7 8.1 0 0.4 6.3 0 8.0 0 -
EC (mS/m) 98.0 I 67.5 111.8 I 99.8 76.0 I 223.0 II 
TDS (mglI) 662.1 I 471.6 757.0 I 598.6 504.0 I 1268.0 II 
Mg (mglI) 35.4 I 30.5 46.0 I 50.3 28.0 0 27.0 0 
Na (mglI) 105.7 I 70.6 88.7 0 34.1 71.0 0 321.0 II 
K(mglI) 7.5 0 13.5 3.5 0 1.2 not taken N/A 4.1 0 
Cl (mglI) 126.4 I 99.8 131.0 I 142.3 95.0 0 366.0 II 

S04 (mglI) 64.4 0 200.0 36.0 0 34.1 51.0 0 226.0 I 
N03 (mglI) 2.4 0 3.8 18.5 II 31.7 12.4 II 0.3 0 

F (mglI) 1.0 .. I 0.8 0.5 0 0.2 0.2 0 2.0 II 
OVERALL I II II II 

Aquifers in Natal Metamorphic Province granite were limited to fractured and secondary 

porous zones. The fractured granite generally yielded groundwater in the Class 0 to I range. 

Most of the constituents, however, occasionally contribute to Class II and III results. Nitrate, in 

particular, exhibits three results in Class III. This. could point to the ease through which 

contamination may move through the fractures from the surface. The secondary porous 

samples gave a better groundwater quality than the fractures with all of the constituents falling 
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into Class 0 or I (Figure 80). The statistics generated from all the samples of each target 

explicitly show that the secondary porous target has a better quality compared to the fractures 

(Table 55). The reason for this is unknown, huw<1.ver, if the number of secondary porous 

samples was greater there may have been a greater standard deviation within the samples. 
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Figure 80. Scatter plots displaying class limits of he.alt~ related constituents for 
groundwater quality in Natal Metamorphic Province granite. 
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Table 55. Statistics of health related chemistry in Natal Metamorphic Province granite 
groundwater. Numbers in parenthesis indicate number of samples. 

FRACTURED NMP GRANITE SECONDARYPOROUSNMP 
(38) 

~ 

GRANITE (7) " 

MEAN CLASS STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION 

pH 7.7 0 0.4 7.2 0 0.9 
EC (mS/m) 130.7 I 200.3 

~ 

39.8 0 27.6 
TDS (mg!l) 811.3 I 1209.0 271.7 0 177.5 
Mg (mg!l) 31.9 I 52.1 11.4 0 9.7 
Na (mg/l) 190.9 I 336.0 42.3 0 30.4 
K(mg!l) 8.0 0 9.0 5.8 0 5.4 
CI (mg!l) 300.7 II 630.3 52.7 0 45.6 

S04 (mg!l) 55.5 0 147.9 13.5 0 9.1 
N03 (mg!l) 2.7 0 7.1 2.5 0 3.0 

F (mg!l) 0.9 0 0.8 ,,0.5 0 0.3 

OVERALL II 0 

9.2.4. Quaternary sediments 

The best target in terms of groundwater quality in the Maputaland Group is the fine sand which 

covers most of the Zululand coastal plain (Figure 81). The coarser-grained palaeochannels 

appear to yield groundwater of a poorer quality, especially with respect to electrical 

conductivity_ The reason for this is that the groundwater could be travelling a greater distance 
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due to the higher permeability, thereby causing the groundwater to come into contact with 

more salts within the sands. Another reason is due to the concentration of flow in the high 

permeability palaeochannels relative to the sands... .. 

The Uloa Formation, as expected, does contain excellent quality groundwater. The two samples 

that intersected the contact between the Maputaland and Zululand Groups, have a distinctly 

different character. The scatter plots of the health related constituent concentrations are shown 

in Figure 82. 
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Figure 81. Summary of overall groundwater quality classes in Maputaland sediments. 

Palaeochannels in the Maputaland Group display electrical conductivities in Class II and III. 

The associated cations of high concentration are sodium and magnesium. Chloride also falls 

into either Class II or III. Fluorides are almost always in Class 0, but 0l!e sample fell into Class 

II. No problems with respect to nitrates were encountered and sulphates were mainly within 

Class 0 or I. 

The fine sands of tHe Maputaland Group show low~r electrical conductivities which do not 

transcend the Class II limit. Most of the constituents remain within either Class 0 or'I. Sodium 

and chloride, however, fall into Class II and III. Groundwater emanating from the Uloa 

Formation was of excellent quality. 

In contrast to the Uloa Formation, the underlying contact of the Maputaland Group and the 

Zululand Group siltstones had two extremely contrasting results. One of the sample's 

constituents all fell within Class 0 and the other constituents, except one, in Class III. The 
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reason for this uncertain because the drilling of both boreholes ceased less than one metre after 

the contact was encountered. The only possible explanation is that the siltstone of the poor 

quality borehole could have been saturated and thus contributed to the groundwater inflow, 

while the good quality borehole intersected dry siltstone. Even though few boreholes were 

drilled into the Maputaland Group hydrolithology, direct comparison shows that the aquifer 

quality in order of preference is, Uloa Formation, fine sands, palae,.ochannels and the 

Maputaland Group contact with Zululand Group. 
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Figure 82. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Maputaland Group targets. 

Table 56. Statistics of health related chemistry in Maputaland Group groundwater. 
Numbers in parenthesis indicate number of samples. 

MAPUT ALAND GROUP MAPUTALAND GjWUP FINE l,lLOA MAPUT ALAND GROUP 
PALAEOCHANNELS SAND ," FORMATION CONTACT WITH ZULULAND 

(6) (9) (1) GROUP 
(2) 

MEAN CLASS STANDARD MEAN CLASS STANDARD VALUE CLASS MEAN CLASS STANDARD 
DEVIATION DEVIATION DEVIATION 

pH 7.9 0 0.2 7.5- 0 1.0 8.4 0 6.8 0 0.4 
EC (mS/m) 427.5 III 237.6 113.5 I 84.7 41.1 0, 557.5 III 761.6 
TDS (mg/l) 2607.2 III 1775.1 715.8 I 466.6 307.0 0 3462.5 III 4725.6 
Mg (mg/l) 131.6 III 60.8 17.1 0 10.1 5.0 0 192.8 III 267.6 
Na (mg/!) 564.0 III 577.2 127.4 I 109.3 33.0 0 545.3 III 740.6 
K(mg/!) 2.7 0 3.8 6.4 0 3.3 4.8 0 35.0 0 44.4 
Cl (mg/!) 922.2 III 736.9 217.2 II 226.3 38.0 0 1758.0 III 2429.6 

S04 (mg/l) 162.0 0 50.8 24.2 0 23.8 7.0 0 264.5 I 368.4 
N03 (mg/l) 1.3 0 1.5 0.7 0 ~,4 0.0 0 1.4 0 1.5 

F (mg/l) 0.9 0 0.4 0.3 0 0.3 0.1 0 0.1 ,0 0.0 

OVERALL III II 0 III 

9.2.5. Dwyka Group 

The majority of boreholes intersecting Dwyka Group tillite yield Class 0 and Class I 

groundwater. This result is quite unexpected, as it contradicts popular belief that the Dwyka 

Group yields poor quality groundwater. Some of the boreholes intersecting contacts with 

Dwyka Group tillite and other rocks did, however, yield poorer quality waters. 
~1 
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Figure 83. Summary of overall groundwater quality classes in the Dwyka Group. 

For the most part, the health related constituents of fractured Dwyka Group tillite groundwater 

resulted in Class 0 and I water (Figure 84). This is true for electrical conductivity, fluoride, 
-

nitrate, sodium and chloride, however, there are also some Class II results. Chloride was the 

only constituent to rise into Class III in some samples. One sample in fractured Dwyka tillite 

has an electrical conductivity of 570 mS/m which deviates substantially from the maj?rity of 

the samples and is therefore not regarded as representative. The classification of the mean 

constituent values is Class I (Table 57) with the greatest deviation coming from those 

constituents which fall in the Class I range. 

The groundwater samples taken from boreholes !lot intersecting recognisable water-hearing 

structures, but still producing some groundwater were overall of ?etter quality than the 

fractured rock. The majority of the constituents are in Class 0 and the remainder in Class I. As 

the featureless target is not a hydrogeological target of significance, the results of groundwater 

quality are not really relevant, other than to note that the quality is somewhat better than that 

from higher yielding-fractures. The reason for this q~~lity difference is not known. The contact 

aquifers at the Dwyka tillite and Dwyka shale interface have values of electrical conductivity, 

sodium, magnesium and chloride levels mostly in Class II and III. Sodium and chloride values 

in particular are high, as shown in Table 57. 

Groundwater quality at the contacts of Dwyka Group tillite and other rock types is worse than 

in the fractures (Table 58). This point is typically illustrated by the Natal Group sandstone 

contact with the tillite. At this contact the electrical conductivity is distributed between Class II 
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and III. The ions of sodium, magnesium and chloride are spread through Class 0 to III. Fluoride 

appears to be the only constituent which remains below Class I. The mean of all the values for 

the Dwyka Group's contact with Natal Group gives C\.c1ass of II. 

The single sample taken from the contact with the underlying Natal Metamorphic Province 

rocks shows the groundwater to be of good quality, except with respect to fluoride which fell 

into Class II. High fluorides are generally expected within granites but as proven in the Natal 

Metamorphic Province granites and gneisses, this is not always the case (Table 54 and Table 

55). The contact with the Swazian granite aquifers produced excellent groundwater with only 

the pH level reaching Class I. 
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Figure 84. Scatter plots displaying class limits of healtarelated constituents for 
groundwater quality in Dwyka Group targets. 

Table 57. Statistics of health related chemistry in Dwyka Group groundwater. Numbers 
in parenthesis indicate Dumber of samples. 

FRACTURED DWYKA FEATURELESSDWYKA DWYKA GROUP CONTACT 
GROUP (29) GROUP WITH DWYKA SHALE (2) 

(10) . -- -
MEAN CLASS STANDARD MEAN CLASS STANDARD MEAN CLASS STANDARD 

DEVIATION' DEVIATION DEVIATION 

pH 7.5 0 0.9 7.8 0 0.3 7.9 0 0.3 
EC (mS/m) 81.7 I 75.1 56.9 0 17.6 309.5 II 174.7 
TDS (mgll) 560.6 I 482.2 439.3 0 124.0 1937.0 II 1029.5 
Mg (mgll) 22.8 0 17.5 19.7 0 9.3 80.0 II 29.7 
Na (mgll) 105.8 I 119.4 62.8 0 22.7 495.5 III 381.1 
K(mgll) 4.7 0 4.9 5.9 0 2.6 6.1 0 1.3 
Cl (mgll) 145.1 1 188.8 57.3 0 27.0 878.5 III 669.6 

S04 (mgll) 11.8 0 16.4 8.5 0 4.9 56.0 0 , 53.7 
N03 (mgll) 2.5 0 2.7 4.1 0 3.4 1.6 0 1.6 

F (mgll) 0.6 0 0.5 0.8 0 0.5 0.6 0 0.1 

OVERALL I 0 III 
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Table 58. Statistics of health related chemistry in Dwyka Group groundwater continued. 
Numbers in parenthesis indicate number of samples. 

CONTACT WITH CONTACT WITH NATAL CONTACT WITH 
NMP GROUP SWAZIAN 

(1) .' (5) GRANITE (1) 

VALUE CLASS MEAN CLASS STANDARD VALUE CLASS 
DEVIATION 

pH 8.3 0 7.8 0 0.5 5.5 I 
EC (mS/m) 71.3 I 223.5 II 204.5 13.5 0 
TDS (mgll) 575.0 I 1274.6 II 1439.6 112.0 

~ 
0 

Mg (mgll) 20.0 0 86.0 II 102.1 3.3 0 
Na (mgll) 122.0 I 307.0 II 259.2 11.3 0 
K(mgll) 4.4 0 3.2 0 0.9 0.7 0 
Cl (mgll) 78.0 0 587.4 II 652.5 16.6 0 

S04 (mgll) 18.0 0 28.9 0 16.8 2.8 0 
N03 (mgll) 0.1 0 5.2 0 6.2 4.6 0 

F (mgll) 1.8 II 0.8 0 0.4 0.1 0 

OVERALL II II I 

9.Z.6. Dolerite 

Groundwater from fractured dolerite has a mean quality of CL~s II which is not as good as 

would be hoped for from such an important groundwater target (Figure 85 and Table 59). The 

few secondary porous targets also exhibit a poor overall groundwater quality. 
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Figure 85. Summary of overall groundwater quaiity classes in fractured and secondary 
porous dolerite. 

The majority of all the health related constituents in fractured dolerite fell within the Class I 

limit, with few occurrences in Class II and III. Figure 86 may be misleading, however, as it 

shows the majority of samples falling within Class 0 or I, while Figure 85 shows that overall 

most constituents fell into Class II. This can be explained by the realisation that it takes only 

one constituent to fall within Class II for the overall classification to be Class II. In addition, all 

196 

. " 



of the constituents had some"results in Class II. Generally, it is sodium and chloride that are 

responsible for the poor quality in groundwater emanating from dolerite (Table 59). 

Figure 86 clearly shows that the groundwater samples taken from secondary porous dolerite 

aquifers are of a poorer quality than fractured aquifers. Fluoride and nitrate were the only 

constituents to have Class 0 results, while the rest mostly fell into Class II or III. The single 

sample taken at the contact between secondary porous and featureless dolerite displayed a 

similar character to the average fractured dolerite groundwater but had a very high level of 

nitrate which may be a result of human or animal contamination. 
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Figure 86. Scatter plots displaying class limits of healthrrelated constituents for 
groundwater quality in dolerite targets. 

Table 59. Statistics of health related chemistry in dolerite groundwater. Numbers in 
parenthesis indicate number of samples. 
FRACTURED DOLERITE SECONDARY POROUS 

" 
(58) DOLERITE (5) 

MEAN CLASS STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION 

pH 7.9 0 0.6 - 7.8 0 0.4 
EC (mS/m) 179.5 II 207.9 496.5 III 500.9 
TDS (mgll) 1140.0 II 1213.7 2965.8 III -2893.8 
Mg (mgll) 37.3 I 62.6 105.9 III 103.1 
Na (mgll) 277.5 II 335.4 795.2 III 861.0 
K(mgll) 5.3 0 6.8 9.3 0 9.8 
CI (mgll) 413.7 II 682.0 1432.0 III 1680.7 

S04 (mgll) 38.9 0 80.9 38.6 0 34.6 
N03 (mgll) 4.1 0 6.6 6.1 I 11.1 

F (mgll) 0.8 0 1.7 .' 1.6 II 1.8 

OVERALL II III 

The quality of the groundwater of Karoo dolerite in contact with Karoo rocks is generally poor, 

particularly with respect to the contacts with Karoo argillaceous and arenaceous rock and the 

lozini Formation. This fact leads one to believe that the quality of the groundwater emanating 

from the contact with dolerite and its host rock tends to take on a quality more like the host 
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rock than the dolerite itself. This is probably due to recharge waters moving through the host 

rock before encountering the dolerite contact. 
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Figure 87. Summary of overall groundwater quality cl~s at dolerite contacts. 

>-~-

From the graphs in Figure 88, the contacts which are the worst in terms of groundwater quality 

are those against Karoo argillaceous and arenaceous rocks, the lozini Formation and some 

Vryheid Formation. The high overall electrical sonductivity at the Karoo argillaceous contact 
,. 

falls within Class II and III. Together with the high nitrate, sodium and chloride levels, this 

contact consistently yields Class II or III groundwater. The Karoo arenaceous contact is £imilar 

to the argillaceous rock contact but most the health related constituents fall within Class II. 

Table 60 reflects that sodium and chloride contribute to a Class III classification for both 

argillaceous and arenaceous Karoo rock contacts. 

The contact with E .. cca shales produces predominantly Class 0 and I groundwater and 

occasionally Class II and III groundwater where high electrical conductivity, sodium and 

chloride are concerned. The groundwaters of the Vryheid Formation and dolerite contact are 

similar in composition to that of the Ecca shale contact (Table 61). 

The Dwyka Group tillite contact with dolerite produced groundwater of excellent to good 

quality with all the constituents in the single sample falling within Class 0 or I (Table 61). The 

same cannot be said for the dolerite contact with the lozini Formation rhyolites which although 
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contained a number of Class 0 and I results, had variable concentrations of electrical 

conductivity, fluoride, nitrate, sodium and chloride (Table 60). The pre-Karoo rocks of the 

Natal Group and Swazian granites produces good- qyality water at their contacts with dolerite 

dykes (Table 62). 
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Figure 88. Scatter plots displaying class limits of health related constituents for 
groundwater quality in dolerite contacts. 

Table 60. Statistics of health related chemistry in dolerite contact groundwater. Numbers 
in parenthesis indicate number of samples. 

CONTACT WITH JOZINI CONTACT WITH KAROO CONTACT WITH KAROO 
FORMATION ARGILLACEOUS ARENACEOUS 

(10) (14) (2) 

- MEAN CLASS STANDARD MEAN CLASS STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION DEVIATION 

pH 8.0 0 0.4 8.1 0 0.3 8.2 0 0.1 
EC (mS/m) 195.7 II 190.3 262.1 II 258.8c;.. 333.5 II 13.4 
TDS (mgll) 1205.5 II 991.8 1715.1 II 1709.5 2197.0 II 83.4 
Mg (mgll) 28.7 0 51.0 54.1 I 56.9 56.5 I 117.6 
Na (mgll) 297.1 II 214.7 425.0 III 440.1 587.0 III 9.9 
K(mgll) 6.1 0 6.3 11.3 0 15.4 12.5 0 5.9 
CI (mgll) 437.2 II 586.4 663.5 III 776.2 621.5 III 177.5 

S04 (mgll) 22.5 0 20.8 61.8 ~ 0 75.2_ 80.0 0 8.5 
N03 (mgll) 4.8 0 14.5 8.1 I 11.7 0.2 0 0.1 

F (mgll) 2.6 II 1.7 0.7 0 0.7 0.6 0 0.2 

OVERALL II III III . "- . 

Table 61. Statistics of health related chemistry in dolerite contact gr-oundwater continued. 
Numbers in parenthesis indicate number of samples. 

CONTACT WITH ECCA CONTACT WITH CONTACT WITH VRYHEID 
SHALE (5) DWYKA GROUP (1) FORMATION (8) 

MEAN CLASS STANDARD VALUE CLASS MEAN CLASS STANDARD 
DEVIATION DEVIATION 

pH 7.9 -" 0 0.6 8.5 0 8.2 0 1.0 
EC (mS/m) 64.7 0 63.5 106.0 I 84.9 I 118.6 
TDS (mgll) 564.8 I 564.4 711.0 I 615.9 I 732.7 
Mg (mgll) 13.6 0 21.0 23.0 0 19.7 0 32.4 
Na (mg/!) 94.6 0 72.1 164.0 I 116.9 I 132.8 
K(mgll) 3.9 0 3.5 6.0 0 2.7 0 2.4 
CI (mg/!) 86.0 0 151.1 144.0 I 112.1 I 281.7 

S04 (mg/!) 8.4 0 7.0 49.0 0 13.1 0 18.5 
N03 (mgll) 1.3 0 1.0 1.4 0 4.8 0 10.8 

F (mgll) 0.3 0 0.1 1.1 I 1.0 0 1.1 
OVERALL I I I 
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Table 62. Statistics of health related chemistry in dolerite contacts continued. 
Numbers in parenthesis indicate number of samples. 

CONTACT WITH NATAL CONTACT WITH SW AZIAN 
GROUP 

" 
GRANITE 

(4) 
~< 

(4) 

MEAN CLASS STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION 

pH 7.8 0 0.4 7.6 0 0.9 
EC (mS/m) 43.7 0 23.3 36.9 0 31.2 
TDS (mgll) 310.3 0 156.7 266.8 0 2Q7.8 

Mg (mgll) to.O 0 6.5 8.9 0 8.8 
Na (mgll) 39.3 0 22.9 51.9 0 46.9 
K (mg/l) 3.5 0 0.8 4.4 0 2.9 
Cl (mgll) 49.8 0 41.9 54.0 0 68.4 

S04 (mgll) 7.5 0 2.5 7.7 0 4.9 
NO} (mgll) 0.3 0 0.1 1.4 0 1.7 

F (mgll) 0.5 0 0.3 0.4 0 0.1 

OVERALL 0 0 

9.2~7. Natal Group 

The groundwater quality of the Natal Group sandstones is- g09d, with a small percentage, of 

samples falling into Class III (Figure 89). The numerous groundwater samples taken f~om the 

fractured Natal Group sandstone make generalisations on the health related qualitY relatively 

accurate. Electrical conductivity, as an indicator of poor water, does not appear to be a problem 

in these groundwaters, although elevated sodiurrl,.magnesium and chloride do sometimes result 

in Class III groundwater (Figure 90). Fluoride, potassium and sulphate are always within Class 

O. Nitrate was found to fall into Class I and II on occasion. The mean of all the constituents in 

fractured Natal Group, except chloride, result in Class O. The standarq deviation of electrical 

conductivity, total dissolved solids, sodium and chloride are quite high due to the variability of 

these constituents, while the others have small deviations (Table 63). The groundwaters from 

featureless targets followed a similar trend to fractured targets but resulted in worse quality. 

The samples taken from secondary porous aquifers w~re of Class 0 quality. 
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Figure 89. Summary of overall groundwater quality classes in the Natal Group. 

The Natal Group sandstone's contact with underlying rocks appears to take on the general 

chemical composition of that of the fractured Natal Group rock, with the exception of fluoride 

which may be slightly elevated due to contributions frpmc;.-the acid rocks of the Natal 

Metamorphic Province and the shales of the Natal Group (Table 64). The quality of th~ single 

groundwater sample in contact with the Archaean Swazian granites was excellent. 
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Figure 90. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Natal Group sandstone targets. 

Table 63. Statistics of health related chemistry in Natal Group groundwater. Numbers in 
parenthesis indicate number of samples. 

FRACTURED NATAL GROUP SECONDARY POROUS NATAL FEATURELESS NATAL 

-" (80) GROUP (4) GROUP (2) 

MEAN CLASS STANDARD MEAN CLASS' STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION DEVIATION 

pH 7.3 0 0.8 7.3 0 0.4 7.1 0 1.4 
EC (mS/m) 63.0 0 110.2 15.2 0 6.7 217.0 II 46.7 
TDS (mg/l) 422.4 0 695.6 103.8 0 49.3 1243.5 II 256.7 
Mg (mg/l) 16.1 0 26.9 3.3 0 1.3 65.5 I 23.3 
Na (mg/l) 78.6 0 179.3 15.0 0 4.7 277.5 II 57.3 
K (mg/l) 4.9 0 4.7 2.8 0 0.9 4.4 0 0.4 
CI (mgll) 118.7 I 317.6 15.0 0 8.1 628.0 III 272.9 

S04 (mg/l) 17.1 0 25.8 8.0 0 4.4 45.5 0 4.9 
N03 (mg/l) 1.1 0 2.2 0.5 0 0.2 2.6 0 3.6 

F (mg/l) 0.4 0 0.5 0.3 0 0.1 0.6 0 0.0 
OVERALL I 0 III 
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Table 64. Statistics of health related chemistry in Natal Group groundwater continued. 
Numbers in parenthesis indicate number of samples. 
NATAL GROUP CONTACT NATAL GROUP CONTACT NATAL GROUP 

WITH NATAL GROUP SHALE WITHNMP(3) CONTACT WITH 
(3) ." 1-, SWAZIAN 

,c GRANITE (1) 

MEAN CLASS STANDARD MEAN CLASS STANDARD VALUE CLASS 
DEVIATION DEVIATION 

pH 7.4 0 0.8 6.8 0 1.6 8.4 0 
EC (mS/m) 40.7 0 32.6 106.0 I 116.0 56.3 0 
TDS (mg/l) 281.0 0 209.5 793.7 I 511.1 406.0 0 
Mg (mg/l) 7.7 0 8.1 26.0 0 33.5 12.0 0 
Na (mg/l) 53.7 0 37.5 113.2 I 160.4 52.0 0 
K (mg/l) 9.3 0 10.1 3.1 0 1.0 7.5 0 
Cl (mg/l) 50.3 0 69.0 210.7 II 325.3 55.0 0 

S04 (mg/l) 28.3 0 28.9 15.9 0 20.0 10.0 0 
N03 (mgll) 0.6 0 0.5 3.0 0 2.9 0.2 0 

F (mgll) 1.7 II 1.4 0.5 0 0.6 0.4 0 

OVERALL II II 0 

9.2.8. Lebombo Group 

9.2.8.1. Jozini Formation , ~ 

Most of the groundwater samples from the lozini Formation fall within Class II or Class III. 
-,-

Six of the fractured aquifers' water gave an overall Class 0 or I quality (Figure 91). The main 

reason for the poor quality is due to high salinity and fluoride levels. 
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Figure 91. Summary of overall groundwater quality classes in the Jozini Formation. 

The fractured and secondary porous targets in the lozini Formation rhyolites produced similar 

overall groundwater qualities despite the quality fluctuations which appear to occur -in the 

fractured aquifers. The electrical conductivity of the fractured aquifer was mainly found to fall 

into Class I or II with a spread of classes resulting from fluoride, sodium, and chloride. 
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Magnesium was the only constituent not to rise above Class I. The two samples from the 

secondary porous aquifer were similar to the fractured aquifer samples apart from the fact that 

the fluoride levels were higher and resulted in Class II and III classification. This is shown in 

Table 65 where a mean Class III for fluoride puts the secondary porous target into Class III 

overall, compared to Class II overall for fractured targets. The groundwater produced by 

featureless or unknown sources within the Jozini Formation was poor due to fluoride, sodium 

and chloride. These three constituents appear to be the main problem with the groundwater 

quality of the Jozini Formation (Figure 92 and Table 65). 
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Figure 92. Scatter plots displaying class limits of health1.elated constituents for 
groundwater quality in Jozini Formation rhyolite. 

Table 65. Statistics of health related chemistry in Jozini Formation groundwater. 
Numbers in parenthesis indicate number of samples. 

FRACTURED JOZINI SECONDARY POROUS FEATURELESS JOZINI 
FORMATION (17) JOZINI FoRMATION (2)- FORMATION (3) 

MEAN CLASS STANDARD MEAN CLASS STANDARD MEAN CLASS STANDARD 
DEVIATION DEVIATION DEVIATION 

pH 7.9 0 0.4 7.9 0 0.6 8.2 0 . 0.2 . 

EC (mS/m) 154.5 II 106.2 143.6 I 105.3 124.8 I 23.7 
TDS (mgll) 935.2 I 567.0 936.5 I 488.6 773? I 156.9 
Mg (mgll) 19.5 0 19.3 24.5 0 14.8 6.0 0 3.6 
Na (mgll) 243.9 II 194.0 226.5 II 167.6 212.7 II 50.3 
K(mgll) 5.9 0 3.7 5.6 0 1.8 3.0 - 0 1.3 
Cl (mgll) 309.6 II 308.5 279.5 II 285.0 258.0 II 44.2 

S04 (mgll) 29.4 0 30.6 12.0 0 7.1 14.0 0 4.6 
N03 (mgll) 0.6 Q 0.9 0.1 0 0.0 0.2 0 0.2 

F(mgll) 1.6 II 1.4 4.2 III 1.0 1.2 I 1.0 
OVERALL II III II -

9.2.8.2. Letaba Formation 

The majority of the groundwater found within the fractures of the Letaba Formation basalt 

resulted in an overall Class II quality (Figure 93). Thjs is mainly due to high nitrate, sodium, 

magnesium and chloride levels. Nitrate, sodium and chloride, and thus electrical conductivity 

also contributed to occasional Class III results (Figure 94). On the other hand, the groundwater 
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quality in the secondary porous aquifers was better but occasional Class III water did result 

from higher level of nitrate. Table 66 shows that the fraetured target yields Class II water due to 

elevated salinity and the secondary porous target mo~tly Class 0, except nitrate which is Class 

I. 

Basalt contacts with underlying Karoo argillaceous rock yielded groundwater of a similar 

quality to that of fractured basalt. Once again the poorer quality arose from elevated sodium 

and chloride. The single borehole penetrating a granitic pegmatite vein yielded excellent 

quality groundwater. 
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Figure 93. Summary of overall classes in the Letaba Formation. 
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Figure 94. Scatter plots displaying class limits of health related constituents for 
groundwater quality in Letaba Formation basalt. 
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Table 66. Statistics of health related chemistry in Letaba Formation groundwater. 
Numbers in parenthesis indicate number of samples. 

FRACTURED LET ABA SECONDARY POROUS CONTACT WITH CONTACT WITH 
FORMATION LETABA FORMATION KAROO PEGMATITE (1) 

(87) 0) .. ARGILLACEOUS 
. , (1) 

MEAN CLASS STANDARD MEAN CLASS STANDARD VALUE CLASS VALUE CLASS 
DEVIATION DEVIATION 

pH 8,0 0 05 7.9 0 0.4 7.4 0 8.5 0 
EC (mS/m) 170.9 II 89.2 51.1 0 51.9 267.0 II 21.9 0 
TDS (mg/l) 1024.1 II 484.8 406.7 0 410.0 1355.0 ~II 175.0 0 
Mg (mgll) 18.0 0 15.4 22.3 0 27.6 6.0 0 7.0 0 
Na (mg/l) 256.6 II 126.1 47.0 0 45.5 377.0 II 16.0 0 
K(mgll) 2.8 0 2.4 3.4 0 2.4 0.3 0 13.7 0 
CI (mg/l) 399.7 II 290.2 51.0 0 69.3 743.0 III 9.0 0 

S04 (mgll) 57.8 0 47.1 16.3 0 4.2 58.0 0 13.0 0 
N03 (mg/l) 2.8 0 5.9 9.0 I 15.6 0.1 0 0.0 0 

F (mg/l) 05 0 0.4 0.5 0 0.1 0.3 0 05 0 

OVERALL II I III 0 

9.3. Geophysical methods for borehole siting in KwaZulu-Natal 

This section evaluates the different types of geophysical methods used for borehole siting in 
""-- . :..:;,..--

each hydrolithology. As mention previously, the type of geophysics used is primarily a 

function of what equipment the consultant has available and the results obtained are-a function 

of the aquifer characteristics and of the consultants' expertise in interpreting the geophysical 

readings. 

The different geophysical methods used and the frequency of use is shown in Figure 95. As can 

be seen in the graph, the electromagnetic method out weighs the other methods with respect to 

its frequency of use. The reason for this is that it is a very popular method amongst many 

hydro geologists and geophysicists, in particular two consultants of the six who use this method 

extensively were awarded the largest contracts. Magnetics is mostly used as a supporting 

method for electromllgnetics, however not all the consultants used a supporting method to 

confirm their primary geophysical method. Those records which did not have any account of 

how the borehole was sited have been classed as having no geophysics (none). Some of the 

boreholes were sited purely by geological observation and have therefore been classed as such. 

This analysis hopes to identify the best geophysical methods to use for the various 

hydrogeological targets within each hydrolithology. The graphs which follow have been used 

to reflect the relative performance of each method against the others in order to gain some idea 
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of the success of each method. Graphs have only been included where there is more than one 

borehole drilled into a target feature. In some cases,' too few boreholes were sited using a 

particular technique to allow any meaningful commept on the method's applicability. Only the 

primary geophysical method has been included in <the analysis for the sake of consistency. 
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Figure 95. Number of boreholes sited with each geophysical method. 

9.3.1. Karoo argillaceous rock 

I 

The majority of boreholes sited in Karoo argillaceous rock relied on the electromagnetic 

method or more specifically, EM-34 (Figure 96). Too few boreholes were sited by other 

techniques, and therefore a comparison of the methods is not possible. It suffices to say that 

just under half of the-'boreholes drilled were dry, whiGh Buggests that the electromagnetic (EM) 

method might not be the ideal method to use. Unfortunately, electrical resistivity methods were 

not used on the argillaceous Karoo rocks, thereby eliminating the opportunity to compare 

results with the EM method. 

Since EM was the only geophysical technique, apart from one borehole sited by magnetics, 

used in fractured Karoo arenaceous rock, no comment can be made on whether it is a suitable 

siting technique (Figure 97). 
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Figure 96. Comparison of geophysical methods 
per <yield range for fractured Karoo 
argillaceous rock. 
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Figure 97. Comparison of geophysical methods 
per yield range for fractured Karoo 
arenaceous rock. 

No conclusive results can be obtained from the two boreholes sited in the secondary porous 

arenaceous Karoo rocks (Figure 98). However, it is probable that the EM method would be 

able to successfully locate the rarely occurring weathered<zones in the rocks. 

From the results of the two geophysical methods used to site boreholes at the contact between 

Karoo argillaceous and arenaceous rock, EM appears to have the most success, ex~luding the 

dry boreholes which are a function of the aquifer characteristics (Figure 99). The majority of 

the successful boreholes fall within the 0.5 - 2.0 lis range compared to the magnetic method 

which mostly resulted in dry boreholes. 
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Figure 98. Comparison of geophysical methods 
per yield range for secondary porous Karoo 
arenaceous rock. 
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Figure 99. Comparison of geophysical methods 
per yield range for the Karoo arenaceous 
contact with Karoo argillaceous rock. 

The few boreholes intersecting fractured Ecca shale were mostly sited with the vertical 

electrical sounding resistivity method (Figure 100). EM, magnetic and VLF methods also were 

successful. However, it is proposed that due to the nature of the water-bearing zones in the 
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shales that vertical electrical sounding (VES) and EM would give the better results over a 

larger number of samples. 

As was the case for the fractured Ecca shale' targets, YES was used more than the other 

methods for the contact between the Ecca shale (Volksrust Formation) and the Vryheid 

Formation. The contact was also located by EM, magnetics and resistivity profiling (Figure 

101). However, due to these other methods only having one record per yield range, no 

comparisons can be made with YES. It could therefore be said that any of the geophysical 

methods capable of locating the contact by identifying the difference between argillaceous and 

arenaceous rock may be used. In this respect, the electrical resistivity methods would probably 

give the best results. 
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Figure 100. Comparison of geophysical 
methods per yield range for fractured Ecca 
shale. 

9.3.2. Vryheid Formation 
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Figure 1 0 1. Comparison of geophysical 
~methods per yield range for the Ecca shale 
contact with the Vryheid Formation. 

Once again, EM dominates the geophysical methods used to locate fractures. Figure 102 shows 

that the majority of the boreholes yielded between 0.1 - 2.0 1/s, however YES resulted in higher 

rates of high yielding boreholes. The magnetic method was also used with some success where 

bigger faults with as.sociated breccia and displacement occur. Three high yielding boreholes 

were also sited by geological observation. 

The boreholes intersecting secondary porous aquifers within the Vryheid Formation were 

mostly located by EM (Figure 103). As this target is not a good aquifer in terms of yield, the 

results of geophysics will not be discussed further. Only two methods were used to site the 

poor water-bearing contact between the Vryheid Formation and Ecca shale, namely EM and 
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YES. Of the two methods, YES did not produce any successful boreholes. This graph is very 

similar to that of the secondary porous target (Figure 104)., 
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Figure 102. Comparison of geophysical 
methods per yield range for fractured Vryheid 
Formation. 

Figure 103. Comparison of geophysical 
methods per yield range for secondary porous 
Vryheid Formation. 
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9.3.3. Natal Metamorphic Province 

All the different lithologies encountered in the Natal Metamorphic Province are considered 

separately for the geophysical analysis, as was the case for the water quality analysis. The 

boreholes drilled into fractured amphibolite were mostly sited by the resistivity profiling 

method, with the majority of the successful boreholes falling within the 0.1 - 0.5 lis yield range 

(Figure 105). This is -;omewhat better than yields achieved by the VLF method, whi~h yielded 

most of its successful boreholes in the> 0 - 0.1 11 range. EM was only used on one occasion. 

Fracturing in diorite was located mainly by VES which had its highest rate of success in the 

lowest yield range (Figure 106). The single EM record is not sufficient for comparison 

purposes. 
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Figure 106. Comparison of geophysical 
methods per yield range for fractured diorite. 

Fractured migmatite was located by profiling and VLF. Of the two methods, Figure 107 shows 

that the VLF method was not successful on its only attempt. In fractured schist, the resistivity 

profiling method was used most frequently, with most of the borehole yields ranging between 

0.1-.0.5 lis (Figure 108). Magnetics and VLF cannot be discounted because they also produced 

successful boreholes. 
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migmatite. 

>0.1-05 >05-2.0 >2.0·50 >50 

Comparison 
yield range 

of geophysical 
for fractured 

I -

cty >0-0.1 >0.1·05 >05-2.0 >2.0-5.0 >5.0",- _ 

I 

Figure 108. Comparison of geophysical 
methods per yield range for fractured schist. 

The resistivity profiljng method used in fractured gneiss had a good success rate in the 0.5 - 2 

lis yield range as shown in Figure 109. This method -appears to be superior to magnetics, VLF 

and YES because of it's ability in locating laterally contrasting resistivities at fracture zones. 

Locating secondary porous gneiss aquifers also appears to be successful with both the profiling 

and YES resistivity methods (Figure 110), however, too few records were available to be more 

conclusive. 
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Figure 109. Comparison of geophysical 
methods per yield range for fractured gneiss. 

Figure 110. Comparison of geophysical 
methods per yield range-for secondary porous 
gneiss. 
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EM and YES were used for the majority of boreholes sited in fractured granite (Figure 111). 

The EM method resulted in most of its boreholes falling within the > 0 - 0.1 lis yield range, 

while the YES method had an even spread between> 0 - 5.0 lis. As in fractured gneiss, the 

resis~ivity profiling method sited most its successful bor~holes within the yield range of 0.5 -

2.0 lis. It is the resistivity profiling and EM methods which th~refore appear the best in the 

fractures of the Natal Metamorphic Province granites. 

The few boreholes drilled into secondary porous granite were sited by three methods (Figure 

112). If a straight comparison of the geophysical methods is made, YES would appear to be the 

best method because both boreholes sited by this method were successful in the 0.5 - 2.0 lis 

yield range, whereas the other methods' boreholes are spread between> 0 - 2.0 lis. YES should 

be considered the better method because it can successfully determine vertical depths, and 

especially depths of weathering. 
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Figure 111. Comparison of geophysical 
methods per yield range for fractured granite. 
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Figure 112. Comparison of geophysical 
methods per yield range for secondary porous 
granite. 



The graph showing the use of EM in siting eleven boreholes in granite which had no 

discernible hydrogeological features in the drilling log is important because it shows that the 

EM method located anomalies which are not asso~.iated with any water-bearing features or else .. 
the anomalies were spurious (Figure 113). 
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Figure 113. Distribution of yield ranges for the 
EM -34 method in featureless granite. 

In general, the fractured lithologies oUhe Natal Metamorphic Province are best sited by means 

of profiling, or by the EM method as a second choice. The secondary porous aquifers within 

the crystalline rocks appear to best located by either YES or profiling. 

9.3.4. Quaternary sediments 

The thick cover of unconsolidated sands, comprising the Quaternary sediments of the 

Maputaland Group, makes the use of geophysics.Jor borehole siting highly problematic in this 

hydrolithology. EM was used for the siting of three of the boreholes drilled into the 

Maputaland Group, with the probable aim of detecting saturated, coarser-grained' deposits 

within the fine-grained mass. The reasoning for the use of magnetics for the siting of one 

borehole is unknown. 

The location of near surface palae6channels (Figure 114) by geological observation was 

undertaken by tracil1g subtle surface depressions fr~J? an existing river channel (pers. comm. 

Retief, 1996). This method therefore does away with the need for exploration boreholes to 

locate coarse-grained deposits, but will not always be as successful. 

In the fine sands which comprise the majority of the Maputaland Group, siting by geological 

and topographic observations was relatively successful (Figure 115). Random sitil1g will 

probably yield similar results with slightly lower yields than those sited geologically due to the 

fact that the fine sands have abundant water, but limited permeability. This will mean that the 
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sands will produce wet boreholes but that the yield may be low. Those boreholes sited with 

some technical observations should therefore have the added advantage of increasing the 

likelihood of intercepting groundwater based OR. observations, such as vegetation lines and .. 
surface topography. 
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Figure 114. Comparisons of siting methods per 
yield range for palaeochannels. 

Figure 115. Comparisons of siting methods per 
yield range for palaeochannels. 

It is possible that a shallow depth of unconsolidated sands above the siltstones of the Zululand 

Group may be penetrated by EM, as reflected in Figure 116~ If this is the case, the EM method 

could be used to detect the contact, however the Zululand Group should not be penetrated more 

than 1 m during drilling due to it's poor groundwater quality. YES could also be utilised to 

detect the contact by measuring the resistivity difference between the sands and the siltstone. 

Geological maps can be used to estimate the depth to the contact in other instances. 
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Figure 116. Comparisons of siting methods per 
yield range for Maputaland Group sand 
contact with Zululand Group. 

9.3.5. Dwyka Group 

The low success rate of boreholes in the Dwyka Group during the drought relief programme 

caused some consternation amongst the consultants. It is hoped that the results of these 
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analyses will highlight the reason for the high failure rate encountered during development of 

these aquifers. The graph in Figure 117 shows that fraetures were mainly located by means of 

EM. Upon examination of the graph, the method- ot VLF, even though used less, appears to 

have been the more successful method. The majority of the VLF sited boreholes yielded more 

than 0.1 lis, whilst the EM method resulted in borehole yields on the lower end of the yield 

ranges. The large number of unsuccessful boreholes, identified by EM which were drilled into 

featureless rock further illustrates the poor performance of EM in Dwyka Group tillite (Figure 

118). The YES method in fractures also did not perform well. It must be acknowledged that the 

Dwyka Group is a difficult rock in which to find groundwater, even though a potential water­

bearing feature may be located. 
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Figure 117. Comparison of geophysical 
methods per yield range for fractured Dwyka 
tillite. 

Figure 118. Comparison of geophysical 
~ methods per YIeld range for featureless Dwyka 

tillite. 

The contacts of the Dwyka Group with underlying-rocks have poor geophysical data since the 

successful boreholes intersecting the Natal Group contact total four and only two boreholes 

reached the contact with the Natal Metamorphic Province (Figure 119 and Figure 120). These 

contacts have proved to yield little groundwater and therefore should be avoided unless the 

overlying Dwyka G~oup tillite is sufficiently fractured to allow water to percolate down to the 

contact. The lithological change to shale within the Dwyka Group appears to have b~en located 

by both the EM and profiling resistivity methods with some success (Figure 121). 
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Figure 119. Comparison of geophysical 
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contact with Natal Group sandstone. 
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Figure 121. Comparison of geophysical 
methods per yield range for the Dwyka tillite 
contact with Dwyka shale. 

9.3.6. Dolerite 

Fractured dolerite was most successfully located by EM, with the YES resistivity metlfodalso 

yielding reliable results (Figure 122). Both EM and YES produced the majority of their 

successful borehole yields in the 0.1 - 0.5 lis range. The magnetic and VLF methods were only 

used a few times, but they also seem to have produced some good results. Resistivity profiling 

appears to have fared worst of all the geophysical methods. The reason for the low success rate 

of resistivity profiliHg is probably due to a lack of re~istivity contrast in the dolerite either side 

of the fractures. 

YES, EM and magnetics were used with some success in locating boreholes within the 

secondary porous material of dolerite (Figure 123). However, the small number of records does 

not allow for comparisons to be made. 
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Figure 122. Comparison of geophysical Figure 123. Comparison of geophysical 
methods per yield range for secondary porous 
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methods per yield range for fractured dolerite. 
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Once again, EM produced some anomalies in featureless dolerite (Figure 124). On one 

occasion each, magnetics and YES did likewise. The reason for the geophysics registering an 

anorpaly is uncertain. The poor water-bearing contact dolerite has with the Dwyka Group was 

only detected by EM during the drought relief programme (Figure 125). As no other method 

was used, it is not possible to evaluate a better method. 
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Figure 125. Distribution of yield ranges for the 
EM-34 method at dolerite's contact with 
Dwyka tillite. 

Figure 126 shows that the eight successful boreholes drilled through the dolerite contact with 

the Vryheid Formation produced yields in the range 0.1 - 0.5 lis by the siting methods of EM 

and geological observation. The highest yield was obtained from a borehole sited by the YES 

resistivity method. 

Only two geophysical methods were used to site boreholes at the dolerite and Ecca shale 

contact (Figure 127). Of the two methods, VLF did not have any success and YES produced 

four boreholes within the 0.1 - 0.5 lis range. 
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methods per yield range for dolerite's contact 
with Vryheid Formation. 

Figure 127. Comparison of geophysical 
methods per yield range for dolerite's contact 
with Ecca shale. 
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The magnetic method was used more frequently than the other geophysical methods in locating 

the contact between dolerite dykes and Jozini Formation rhyolite. Figure 128 shows, however, 

that the majority of the boreholes sited by this method fall within the lowest yield range. It 

must be kept in mind that even though the contact was-located successfully, the poor water­

bearing character of this contact resulted in a large number of dry boreholes. The other methods 

of EM and VLF had erratic results which were too few for comparison with the magnetic 

method. 

The contact aquifer between dolerite and Karoo ¥gillaceous roc~ was located only by means of 

EM (Figure 129) and therefore no comment on its relative performance as a siting technique 

can be made. 
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Figure 128. Comparison of geophysical 
methods per yield range for dolerite's contact 
with Jozini rhyolite. 
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Figure 129. Distribution of yield ranges for the 
EM-34 method at dolerite's contact with 
Karoo argillaceous rocks. 

The two methods of EM and magnetics utilised in siting the contact between dolerite and 

Karoo arenaceous rock were both similarly successful as shown in Figure 130. Even without 

222 



:l o 

any records from other methods, it can be stated that either of these two methods would be 

effective for siting dolerite contacts within Karoo arenaceous rock. As profiling was the only 

method of borehole siting on the contact of dolerite "lith Natal Group sandstone no comparison 

can be made with other methods Figure 131. 
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Figure 130. Comparison of geophysical 
methods per yield range for dolerite's "Contact 
with Karoo arenaceous rocks. 

Figure 131. Distribution of yield ranges for 
resistivity profiling at dolerite's contact with 
Natal Group sandstone. 

The four boreholes drilled into the contact between dOleritedfkes and the Swazian granites 

were mainly sited by the EM method, with only one sited by VLF (Figure 132). Comparisons 

between the two methods are not worthwhile because of the small number of boreholes 

involved. 
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Figure 132. Comparison of geophysical 
methods per yield range for do~erite's contact 
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9.3.7. Natal Group 

A good range of geophysical methods were used to detect fractures in Natal Group sandstone, 

allowing useful comparisons to be made between fhe'il1ethods (Figure 133). Approximately, an 

equal number of boreholes were sited by the EM and resistivity profiling methods. Of the two 

methods, resistivity profiling produced a greater percentage of the higher yielding boreholes 

than EM. YES also had reasonable success, with the majority of its boreholS!s yielding between 

0.5 - 2 lis (Figure 133). 

The EM method was once again the primary method of geophysical siting in secondary porous 

Natal Group sandstone (Figure 134). The small number of records limits the amount of 

comparisons to be made. 
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Figure 133. Comparison of geophysical 
methods per yield range for fractured Natal 
Group sandstone. 

Figure 134. Comparison of geophysical 
methods per yield range for secondary porous 
Natal Group sandstone. 

EM produced eight dry boreholes as a result of false anomalies being recorded compared to the 

two produced by the resistivity profiling method (Figure 135). Those wet boreholes in the 

Natal Group sandstone classed as featureless are probably a result of seepage or incomplete 

geological logging o! the borehole. 

The Natal Group's unconformable contact with the underlying Natal Metamorphic Province 

was only intersected three times and each intersection was located by a different geophysical 

method (Figure 136). This does not provide enough data from which to compare the 

techniques. EM was the sole geophysical method used to site the three boreholes at the 

lithological change in the Natal Group from sandstone to a shaley material (Figure 137). 

224 



11 
dry >0-0.1 >0.1-0.5 >0.5·2.0 >2.0-5.0 >5.0 

pump tested yield (lis) 

Figure 135. Comparison of geophysical 
methods per yield range for featureless Natal 
Group sandstone. 
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Figure 136. Comparison of geophysical 
methods per yield range for Natal Group 
sandstone contact with Natal Metamorphic 
Province. 
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Figure 137. Distribution of yield ranges forJhe 
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EM-34 method at Natal Group sandstone's 
contact with Natal Group shale. 

9.3.8. Lebombo Group 

9.3.8.1. Jozini Formation 

Both the magnetic and EM methods were used suc~essfully to site boreholes in fractured iozini 

Formation rhyolite. Figure 138 shows that magnetics was used more frequently than EM and 

that geological observations resulted in all three boreholes being successful. 

The three boreholes representing secondary porous aquifers in lozini Formation rhyolite were 

sited by EM and mctgnetic methods (Figure 139). T<?o few records are therefore available for 

comparative purposes. 
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Figure 138. Comparison of geophysical 
methods per yield range for fractured Jozini 
rhyolite. 

Figure 139. Compar!sol! of geophysical 
methods per yield range for secondary porous 
Jozini rhyolite. 

The EM method once again resulted in the greatest number of dry boreholes in featureless 

rhyolite (Figure 140). Magnetics resulted in a minor number of dry boreholes within featureless 

rhyolite and three which did yield some groundwater. 
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Figure 140. Comparisorr .. of geophysical 
methods per yield range for featureless Jozini 
rhyolite. 

9.3.8.2. Letaba Formation 

The principal geophysical method utilised in locating fractured basalt of the Letaba Formation 

was EM (Figure 141). The majority of the successful boreholes yielded between> 0 - 0.5 lis, 

with a minimal nUIlJ.ber of dry boreholes. The few magnetically sited boreholes followed the 

same trend but were much few in number. 

A number of other targets in the basalt were located with EM. A comparison of the yields 

obtained from each target is made in Figure 142 where EM was the only geophysical method 

used. The graph shows that EM was fairly successful in secondary porous basalt, at the contact 

with underlying Karoo argillaceous rock and in locating a pegmatite vein. 
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methods per yield range for fractured Letaba 
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9.4. Drilling 
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Figure 142. Comparisons of the use of EM-34 
per yield range for various targets within the 
Letaba Formation basalt. 

One of the highest costs involved in groundwater development is the drilling of boreholes. 

Other costs, such as consultants fees, 'pump testing and groundwater quality testing also have 

an o~erall effect on the total cost of developing ground~ater. These costs are generally fixed 

costs and are not regarded further. The comparative cost Qf tl}e.. principal drilling techniques 

used in KwaZulu-Natal is examined for the purpose of using the results as a component to be 

considered when planning to develop groundwater. 

The main drilling technique utilised in K waZulJ.l-Natal is perGUssion with a down the hole 

hammer (DTH), mud rotary and ODEX are usually only being used where the formations are 

highly unstable, e.g. unconsolidated sediments and highly weathered rock. Other tediIiiques 

such as jetting and augering can be used in the unconsolidated formations,but not in the rock 

aquifers. Table 67 reflects the different drilling techniques available and gives an indication of 

the rate of penetration for each hydrolithology. 

The cost of each drilling technique is primarily influenced by the depth of drilling. The deeper 

a borehole is drilled the greater the cost becomes per metre of advancement. The basic cost of 

an average percussion drilled borehole of 100m depth in either Karoo argillaceous, Karoo 

arenaceous, Ecca shale, Vryheid Formation, Natal Metamorphic Province, Dwyka Group, 

Karoo dolerite, Natal Group, Jozini Formation or Letaba Formation is represented by Table 68. 

Hydrolithologies with highly weathered and fractured brittle rock, such as Natal Group 

Province rocks, Natal Group and dolerite may require ODEX drilling at some point in its 

development. This type of situation is demonstrated in Table 68 which has been calculated 
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based on 20 m of ODEX drilling and 80 m of normal percussion drilling. The unconsolidated 

sediment aquifers of the Maputaland Group are mostly.accessed by means of either mud rotary 

or ODEX drilling. Mud rotary drilling is usually praftised where the unstable sand is not very 

coarse. This method, therefore, allows for the annular space between the screen and side walls 

to be filled with gravel pack. ODEX drilling is used where a gravel pack is not necessary owing 

to the coarse nature of the sedimentary deposits. The palaeochannels of the Maputaland Group, 

in particular, have been successfully drilled by the ODEX method. Table 69 summarises the 

variable costs of both the mud rotary and ODEX drilling methods based on the drilling of a 

30m borehole with a 3m screened area. 

Table 67. Relative performance ofthe main methods of borehole drilling in rural 
KwaZulu-Natal hydrolithologies. 

, 
. PIRECT REVERSE I; 

< 

HYDROLITHOLOGY. DTH 'IiOTARY ROTARY' .ODEX JETTING AUGER .. 

" 
(WITH . (WITH 

-
.......... ·4;, , ' FLUIDS) FLUIDS) 

L I'···· 

Karoo argillaceous rock 5*** 5 5' - N/A N/A NlA 
Karoo arenaceous rock 5*** 5 4 N/A N/A N/A 

Eccashale 5*** 5 5 N/A N/A N/A 
Vryheid Formation sandstone 5*** 5 3 N/A N/A N/A 
Natal Metamorphic Province 5*** 3 3 4 N/A N/A 

Quaternary sediments 2 N/A 5*** 4** 5* 2 
Dwyka Group tillite 5*** 5 ~ 3 - N/A N/A N/A 

Karoo dolerite 5*** 3 3 N/A N/A N/A 
Natal Group sandstone 5*** 5 3 N/A N/A N/A 

Jozini Formation rhyolite 5*** 4 3 N/A N/A . - N/A 
Letaba Formation basalt 5*** 4 - 3 N/A N/A N/A 

Rate of penetration: Recommendation: 
1 impossible 4 medium *** best option 
2 difficult 5 rapid ** 2nd best option 
3 slow 6 very rapid * 3rd best option 

Table 68. Comparative cost between percussion and ODEX drilling for a typical depth of 
100 m in consolidated rock . 

. ; ITEM PERCUSSION . J»ERCUSSION(80 m) 
..... ; ,:(10'Om) .L 'bDEX(2~m) .... 

. . 

set up at site R 300.00 R 300.00 
drilling (216mm) R 1,275.00 R 1,275.00 
casing (165mm) R 900.00 R 900.00 
drilling (165mm) R 5,100.00 R 3,900.00 
driving shoe NIA R 500.00 
ODEX drilling (165mm) NIA R 7,000.00 
TOTAL R 7,575.00 R 13,875.00 

H 
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Table 69. Comparative cost between mud rotary and ODEX drilling for a typical depth 
of 30 m in unconsolidated material. 

f., ITEM MUD ROTARY.(301ll) ODEX{30 In) 
set up at site R 1,5-00.00 R 300.00 
drilling (254mm) R~,500.00 R 10,500.00 
casing (165mm) R 1,620.00 N/A 
screen (165mm) R 2,850.00 N/A 
driving shoe N/A R 500.00 
gravel pack R 50.00 N/A-
backfilling R 540.00 N/A 
water haulage (50km) R 375.00 N/A 
TOTAL R 11,435.00 R 11,300.00 

The tables above clearly show that for single method drilling, percussion drilling is the 

cheapest method followed by mud rotary and ODEX. The latter two methods will ultimately 

cost very much the same, and it should be the nature of the geological material to be drilled 

through that will dictate which method would be the most suitable. The cost of percussion 

together with ODEX in highly fractured or weathered rock almost doubles the cost of using 

percussion on its own. This implies that it would probably be more profitable to drill at another 

location not requiring ODEX rather than spend double the cost of percussion. If the depth of 

drilling needing ODEX is less than 20 m, it could still be appropriate to utilise ODEX, 

especially if the site is the only option. 
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10. DISCUSSION 

The focus of this thesis has been upon the development potential of the different aquifers in 

rural KwaZulu-Natal: Factors influencing this potential are yield, groundwater quality and the 

existence of suitable siting and drilling methods. Yield and groundwater quality are the main 

controlling factors when deciding whether or not groundwater can be used in rural water 

supply. When developing a groundwater resource, a borehole will be drined -and if it strikes 

water, a blow test will give an indication of the yield of the borehole. Once the quality of the 

groundwater is known, it will prescribe whether the groundwater requires treatment or not. A 

pump test will provide further information for determining the sustainable yield, which will be 

used to design the scheme to satisfy its likely demand. The ideal situation would require 

groundwater of Class 0 or I quality, while groundwater of Class II or III quality would require 

treatment thus affecting the cost of the scheme. Other options in the case of poor quality 

groundwater would be to mix the groundwater with a better quality water source or 

alternatively, to look for another source of water if use of groutidwater is not possible at alL It 

must be realised that all groundwater will not be of excellent quality and that treatment'may be 

necessary, as is mostly the case when surface water is used. However, for treatment to be 

economically viable in rural water supply, the sustainable yield must be high enough to justify 

the expense. 

In many cases in KwaZulu-Natal, groundwater is the only option available for rural water 

supply due to the contamination of rivers or insufficient low flows. Where groundwater is to be 

considered, it is important to have an idea of the probable yield and quality of the targets to be 

encountered, the appropriate geophysical exploration method to use and whether or not drilling 

costs will be excessive. In order to combat the problems related to the poor perception of 

groundwater due to low success rates, there must be c1 move away from drilling purely to strike 

water without prior knowledge of the likely hydrogeological targets, quantity and quality of the 

groundwater in the area. If these factors are regarded, a higher success rate in groundwater 

development is achievable. Use of the results of this research together with a thorough desk 

study, followed by adequate field reconnaissance of the area should be able to answer the 

questions of what the probable yield and quality of the targets to be encountered should be and 

the appropriate geophysical exploration method to use in locating the targets. 
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Those responsible for the siting of boreholes must take principles of groundwater movement 

and occurrence into account when deciding on tqrget features to be explored by geophysical 
1-

methods. Another factor which would increase {he success rate of groundwater development is 

the use of appropriate geophysical methods to locate the identified targets. The objective of 

geophysics is defeated if, for example, EM-34 is used in all hydrolithologies because it is the 
~ -

only instrument available. The appropriate geophysical equipment must be taken into the field 

to -increase the probability of siting successful boreholes. The data generated during the drought 

relief programme provided an opportunity for some interesting comparisons to be made on the 

success of different geophysical methods in each hydrolithology. 

The fact that the type of drilling> technique influences the overall cost of developing 

groundwater, is good reason to incorporate the type of drilling as a component in determining 

the potential of the various hydro lithologies. In general, only percussion, mud rotary and 

ODEX drilling techniques are used in KwaZulu-Natal, with percussion being the cheapest 

method and mud rotary being the most expensive. 

A total of 65 target features were identified throughout all the hydrolithologies. An overall 
~ -

assessment of the relative performance of these targets has been based on a rating system which 

takes into account the median yield and mean health related quality of each target (Table 70 

and Table 71). 

Table 70. Ratings given for each target feature dependent on median yield and mean 
quality. 

·MEDlAN MEAN·· iMEAN MEAN r 'MEAN·.· .... , 
. YIELD (lis) 

. ,,:.c. , .. 
CLAss I CLASS II CLASsiiI ' .. CL1\SSOi 

o or dry 26 26 26 26 
> 0 - 0.1 17 18 19 20 
0.1 - 0.5 7 8 15 16 
0.5 - 2.0 5 6 13 14 
2.0 - 5.0 3 4 11 12 

> 5.0 1 2 9 10 
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Table 71. Overall target feature rating dependent on median yield and mean health 
related quality for all hydrolithologies. Parenthesis indicates the number of groundwater 

samples/total number of boreholes drilled into the target. 
, " ' ' 

" , , 
" " MEDIAN 'MEAN 

TARGET, 
.. 

~ 
,YIEBD ;qUAL.n'Y RATING 'Ii' ; 

; (I/s) , 
secondary porous Vryheid Fonnation (1/1) 6 0 1 

Uloa Fonnation (111) 2.5 0 3 

Dwyka tillite contact with Swazian granite (111) 1.53 I 6 

Karoo argillaceous contact with Karoo arenaceous rock 0.5 0 - 7 
(111) 

Letaba basalt contact with pegmatite (111) 0.5 0 7 

secondary porous NMP granite (7/7) 0.36 0 7 

dolerite contact with NGS (4/6) 0.33 0 7 

secondary porous Natal Group (4/6) 0.32 0 7 

Ecca shale contact with Dwyka Group (111) 0.3 0 7 

dolerite contact with Swazian granite (4/4) 0.23 0 7 

Ecca shale contact with NGS (111) 0.15 0 7 
" 

fractured NMP gneiss (42/59) 0.19 I 7 

fractured Natal Group (80/118) -, 0.14 I 7 

Ecca shale contact with Vryheid Fonnation (12/15) 0.3 I 8 

secondary porous Letaba basalt (3/4) 0.15 - ~ 

I 8 -
fractured Dwyka tillite (29/43) 0.1 I 8 

NMP gneisslschist contact (111) 5 II 11 .' 

NGS contact with NMP (3/3) 0.6 II 13-

Maputaland Group palaeochannels (617) 1.53 III 14 

Dwyka tillite contact with Dwyka shale (2/2) 0.97 III 14 

fractured Vryheid Fonnation (25/31) 
~ 

0.4 - II 15 

fractured Ecca shale (6/6) 
. 

0.2 II 15 

fractured Letaba basalt (87/89) 0.15 II 15 

fractured NMP schist (10/13) 0.14 II 15 ' -
secondary porous NMP gneiss (3/3) , 0.14 II 15 

fractured dolerite (58171) 0.13 II 15 

fractured Jozini rhyolite (17/20) 0.13 II 15 

fractured NMP granite (38/55) 0.1 II 15 

NGS contact with NGS shale (313) 0.1 Il- lS 
secondary porous Jozini rhyolite (2/3) 0.48 III 16 

secondary porous Karoo arenaceous rock (112) 0.33 III 16 

secondary porous-,Ecca shale (111) 0.3 III 16 

Ecca shale contact with coal (111) 0.3 III 16 

fractured Karoo argillaceous rock (16/24) 0.2 III 16 

dolerite contact with Karoo argillaceous rock (14/21) 0.16 III 16 

secondary porous dolerite (5/8) 0.11 III 16 

fractured Karoo arenaceous rock (9/10)) 0.1 III 16 

dolerite contact with Karoo arenaceous rocks (2/3) 0.1 III 16 
Letaba basalt contact with Karoo argillaceous rock (111) 0.1 III 16 
fractured NMP migmatite (1/3) 0.08 I 18 
fractured NMP diorite (5/9) 0.07 I 18 
fractured NMP amphibolite (27/41) 0.07 I 18 
Maputaland Group fine sands (9118) 0.05 II 18 
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<;< "; ',«' MEDIAN 'MEAN, 
TARGET YIELD QuALITY RATING 

~I,- (Jls) 
;~ 

, '" 

; 

Dwyka tillite contact with NMP (1/2) 0.05 II 19 

featureless Dwyka tillite (10/49) .. 0 0 26 

NGS contact with Swazian granite (1/1) 0 0 26 

secondary porous Karoo argillaceous rock (dry/I) 0 dry 26 

featureless Ecca shale (dry!1) 0 dry 26 

Vryheid Formation contact with Ecca shale (3111) 0 dry 26 

fractured NMP quartzite (dry/I) 0 dry ~- 26 

featureless NMP granite (dryI11) 0 dry 26 

secondary porous Dwyka tillite (dryl1) 0 dry 26 

dolerite contact with NMP (dry/2) 0 dry 26 

featureless dolerite (dry/5) 0 dry 26 

featureless Letaba basalt (dry/I) 0 dry 26 

dolerite contact with Dwyka tillite (115) 0 I 26 

dolerite contact with Ecca shale (5/12) 0 I 26 

dolerite contact with Vryheid Formation (8117) 0 I 26 

featureless NMP gneiss (113) 0 II 26 

Dwyka tillite contact with NGS (5/21) " 0 II 26 

dolerite contact with lozini Formation (10/24) 0 II 26 

featureless lozini rhyolite (3/12) 0 
, ,~ 

II 26 -
Karoo arenaceous contact with Karoo argillaceous rocks 0 III 26 
(9/26) 
Maputaland Group contact with Zululand Group (2112) 0 III 26' 

featureless Natal Group (2112) 0 III 26 

If the above table is broken down into four pans, some trends nre uncovered. Those features 

which only had one record or have been classified as featureless are not considered in this 

discussion. 

1. The highest rated 25% of the target features contain fractured Natal Group sandstone and 

Natal Metamorphic Province gneiss, together with contacts between'dolerite and Swazian 

granites. All of these hydrolithologies are brittle rocks due to their quartz and feldspar 

contents. Fractur~d Dwyka Group tillite also fe~~ures in the top 25% of the table which 

indicates that compared to other target features, the Dwyka Group can have good yielding 

boreholes. The contact between the Ecca Group's Volksrust and Vryheid Formations also 

proved itself to be a good target feature. Weathered Natal Metamorphic Province granite 

rates as one of the highest potential aquifers. All of these formations produce groundwater 

that does not require treatment, since their quality is either Class 0 or I. 

233 



ii. The next 35% of the target features include the high yielding palaeochannels of the 

Maputaland Group, fractured Natal Metamorphic Pr.ovince schist and granite and secondary 

Natal Metamorphic Province porous gneiss. ~:rh .. e majority of the target features falling 

within this percentile are the fractured Karoo Supergroup sedimentary and igneous rocks 

together with their contacts with dolerite. The quality of all these groundwaters are such that 

they would require treatment. 

iii~ Fractured Karoo argillaceous and arenaceous rock and their contacts with dolerite together 

with secondary porous dolerite, the fine sands of the Maputaland Group and fractured Natal 

Metamorphic Province rocks, excluding granite and gneiss, fall into the following 10% of 

the target features. These targets either have a yield less than 0.1 lis or are very low yielding 

Class III groundwater. 

iv. A rating of 26 has been given to the targets which are either dry or have a median yield of 0 

lis. These are the targets which fall into the last 30% of all 65 target features. The majority 
" 

of these are dolerite contacts and secondary porous sedimentary rocks. A cumulative 

distribution plot of the ratings assigned to each target is given in Figure 143. 

100 
! ! , 

90 
~ 80 c: 
0 

70 ; 
:::s 
..c 60 .;: 

=J no treatment I 

necessary i 
I I 

! -III 50 :c 
CIl 40 > 
~ 30 

i 
i i I ! 

I ! , 
:::s i 
E 20 I 

:::s 
u 10 I .. 

I I 
0 I • I • ~ , 

o 2 4 6 

I 

treatment 1 
I 

I I I 
I 

necessary I ! 

i J I 
I I , • • , 
i ; 

I 

1 II : 
, 

: 

i • 
i I I 

• I 
• : n I 

i : i 
I 

I 
I , 

8 10 12 14 16 18 20 
target feature rating 

j 

, 

I 

! 
I 

I 

22 

I 

I-
I 

1 
I 

! 

I 
I 

I, 

! 
'I 

24 26 • 
! 

Figure 143. Cumulative distribution plot depicting frequency occurrence of target 
feature hydrogeological ratings. 

Contacts between different hydrolithologies have poor data and are features that should be 

studied in greater detail in order to determine their potential as suitable aquifers. For example, 
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boreholes drilled around Ulundi into the contact between the Dwyka and Natal Groups 

produced very high yields, while the same contact penetrated during the drought relief 

programme gave very low yields. 

A summary of the recommended geophysical method per hydrolithology is provided in Table 

72. This table has a noticeable lack of data in the contact target category. ~cQmparison based 

on the cost per day of each geophysical method and its effectiveness, which is dependent on 

typical progress and personnel required, is supplied in Table 73. Weights have been assigned to 

the cost per day (x 0.5) and personnel required (x 2) in an effort to highlight that the number of 

people involved in each method has a greater impact than the cost per day on the total cost of 

geophysical siting. A relative rating of the five methods shows that the order of increasing cost 

effectiveness is YES, resistivity profillng, EM, VLF and magnetics. 

Once the components influencing the groundwater developmeQ~potential are put together, an 

overall comparison between the target features within each hydrolithology can be made. Table 

74 presents the final ratings of each target feature. The final rating was arrived at by assessing 

the ratings of yield and quality, geophysics and drilling method relative to one another. Where 

records of less than five exist, the final rating wa&<reduced due tcrlower confidence levels in the 

preliminary ratings. 
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Table 72. Recommended exploration geophysical techniques for hydrogeological target 
features. 

HYDROLITHOLOGY ..... PRIMARY' CONTACT FRACTURED SECONDARY 
.- .., POROUS .... •. . 

Karoo argillaceous rock N/A ndt enough data EM no aquifer 
Karoo arenaceous rock N/A Karoo argillaceous EM not enough data 

EM 
Ecca shale N/A Vryheid Formation VES,EM no aquifer 

VES,EM 
Vryheid Formation sandstone N/A not enough data EM, VES, 

. 
no aquifer 

magnetics 
Natal Metamorphic Province N/A not enough data profiling, EM YES, profiling 

Quaternary sediments difficult possibly EM and YES N/A N/A 
Dwyka Group tillite N/A not enough data VLF no aquifer 

Karoo dolerite N/A Karoo argillaceous EM, YES not enough data 
EM 

Karoo arenaceous 
EM, magnetics 

DwykaGroup 
not enough data 

. Vryheid Formation 
EM 

Ecca shale 
~ 

not enough data -
Natal Group 

not enough data " 

lozini Formation ' .. 

magnetics 
Swazian granite 

not enough data 
Natal Group sandstone N/A notenough data profiling, YES not enough data 

lozini Formation rhyolite N/A not enough data EM, magnetics EM, magnetics 
Letaba Formation basalt N/A not enough data EM, magnetics not enough data 

Table 73. Geophysical method rating dependent on rate per day aJ;td effectiveness based 
on typical progress and personnel required. 

METHOD EQUIPMENT R x APPROXIMATE R PERSONNEL R x TOTAL R 
COST 0.5 NUMBEROF ... REQUlRl:ID 2 

(Rfperday) KILOMETRES 
...... .TRAVERSED 

r,' .OR SOUNDINGS 

'" .·~.";\PER DAY 
electromagnetics . 

EM-34 300,00 4 2 2km 3 1 operator + 1 labourer 2 4 9 (0.69) 3 
VLF 150,00 3 1.5 3 km (if a good 2 1 operator 1 2 5.5 (0.42) 2 

signal is received) 
magnetics 80,00 2 1 3 -4km 1 1 operator 1 2 3 (0.23) 1 
electrical resistivity 

profiling 60,00 1 0.5 1.5km 4 1 operator + 4 labourers 3 6 10.5 (0.81) 4 
YES 60,00 1 0.5 8 soundings/day 5 1 operator + 4 labourers 3 6 11.5 (0.88) 5 

R - relatIve ratmg 
where lower numbers indicate better rating 
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Table 74. Relative rating within each hydrolithology based on yield, quality, geophysical method and drilling. Parenthesis indicates 
number of groundwater samples/total number of boreholes drilled into the target. Targets in italics have also been included in the dolerite 
hydrolithology. Underlined geophysical methods denote suggested method in the light of a lack of data. R =' rating. 

< <, 
MEDIAN MEAN REASON FOR R GEOPHYSICS R DRILLING R FINAL 

,HYDROLITHOLOGY« > YIELD (lis) QUALITY FA~LURE RELATIVE 

" 
; ,<,: ,: RATING 

KAROO ARGILLACEOUS 

Karoo argillaceous contact with Karoo arenaceous rock 0.5 0 7 EM 3 DTH 1 3 
(1/1) 
fractured Karoo argillaceous rock (16/24) 0.2 III EC,Na,CI 16 EM 3 DTH 1 1 

dolerite contact with Karoo argillaceous rock (14121) 0.16 III EC,Na, Cl 16 EM, magnetics 3 DTH 1 2 

secondary porous Karoo argillaceous rock (dry/1) 0 dry 26 no aquifer 

KAROO ARENACEOUS 

secondary porous Karoo arenaceous rock (1/2) 0.33 III EC, Na, CI 16 not enough data DTH 1 3 

fractured Karoo arenaceous rock (9/10» 0.1 III EC, Mg, Na, CI, N03 16 EM 3 DTH 1 1 

dolerite contact with Karoo arenaceous rocks (213) 0.1 III EC,Na, Cl 16 EM, magnetics 3,1 DTH 1 2 

Karoo arenaceous contact with Karoo argillaceous 0 III EC, Mg, Na, CI 26 EM 3 DTH 1 4 
rocks (9/26) ;, 

" , -, 
ECCASHALE "' r 
Ecca shale contact with Dwyka Group (111) 0.3 0 7 not enough data DTH 1 3 

Ecca shale contact with NGS (111) 0.15 0 7 not enough data DTH 1 4 

Ecca shale contact with Vryheid Formation (12/15) 0.3 I TDS, EC 15 VES, EM 5,3 DTH 1 1 

fractured Ecca shale (6/6) 0.2 ,II EC, Na:;CI 15 VES,EM 5,3 DTH 1 2 

secondary porous Ecca shale (1/1) 0.3 III EC, Mg, Na, CI 16 ' not enough data DTH 1 7 

Ecca shale contact with coal (111) , 0.3 III EC, Mg, Na, K, Cl 16 not enough data DTH 1 6 

featureless Ecca shale (dry/1) 0 dry 26 no aquifer 

dolerite contact with Ecca shale (5112) 0 I TDS 26 EM, magnetics 3,1 DTh 1 5 

VRYHEID FORMATION 

secondary porous Vryheid Formation (111) 6 0 1 not enough data DTH 1 4 

fractured Vryheid Formation (25/31) 0.4' II ' Na,Cl 15 EM, YES, 3,5, DTH 1 1 

< magnetics 1 
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![ MEDIAN MEAN. . REASON FOR R GEOPHYSICS· . R ~RILLING R FINAL 
HYDROLITHOLOGY • YIELD (lis) ,gUAL~TY ) FAILURE 

~' '< 'l' 

RELATIVE ' ,', . 
r<!,; '. . . . ",>, \ . ' . /. .; RATING 

dolerite contact with Vryheid Formation (8117) 0 I EC,Na, Cl '26 EM 3 DTH 1 2 

Vryheid Fonnation contact with Ecca shale (3/11) 0 II 26 not enough data DTH 1 3 

NATAL METAMORPHIC PROVINCE 

secondary porous NMP granite (717) 0.36 0 7 profiling, EM 4,3 DTH 1 1 

fractured NMP gneiss (42/59) 
~ 

0.19 I EC, Mg, Na, Cl 7 profiling, EM 4,3 DTH 1 2 
ODEX 2 

NMP gneiss/schist contact (111) 5 II EC, Na, Cl, F 11 Qrofiling, EM 4,3 DTH 1 7 

secondary porous NMP gneiss (3/3) 0.14 II N03 15 profiling, EM 4,3 DTH 1 3 

fractured NMP schist (10/13) 0.14 II EC, Mg, Cl, N03, F 15 profiling, EM 4,3 DTH 1 5 

fractured NMP granite (38/55) 0.1 II Cl 15 profiling, EM 4,3 DTH 1 4 

fractured NMP migmatite (113) 0.08 I TDS 18 Qrofiling, EM 4,3 DTH 1 6 
ODEX 2 

fractured NMP diorite (5/9) 0.07 I EC, Na, Cl, N03 18 profiling, EM 4,3 DTH 1 8 

fractured NMP amphibolite (27/41) 0.07 I TDS 18 profiling, EM 4,3 DTH 1 9 
ODEX 2 

fractured NMP quartzite (dry/l) 0 <,41.ry 26 Qrofiling, EM 4,3 DTH 1 ;, 11 

featureless NMP gneiss (113) '0 II N03 26 no aquifer 

, featureless NMP granite (dry/Il) 0 dry 26 no aquifer 

dolerite contact with NMP (dryI2) 0 dry 26 magnetics, EM 1,3 DTH 1 10 

I 

MAPUTALAND GROUP \' 
Uloa Fonnation (111) 2.5 0 I 3 none mud rotary 3 1 

Maputaland Group palaeochannels (617) 1.53 III EC, Mg, Na, Cl 14 none ODE26 2 2 

Maputaland Group fine sands (9/18) 0.05 II Cl 18 none mud rotary 3 3 

Maputaland Group contact with Zululand Group (2112) 0 III EC, Mg, Na, Cl 26 EM 3 mud rgtary 3 4 
ODE26 2 

'. 

DWYKAGROUP 

Dwyka tillite contact with Swazian granite (1Il) 1.53 I pH 6 not enough data DTH 1 2 

fractured Dwyka tillite (29/43) 0.1, I EC,Na,Cl 8 VLF 2 DTH 1 1 
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,l\1:~DIAN MEAN " REASONFOR IR GEOPHYSICS R. DRILLING R FINAL 
HYQROLITHOLOGY YIELD (lis) QUA,LITY FAIL~ ," 

' c ;. ~ 

RELATIVE i: 

i' , ~ I RATING .. 

Dwyka tillite contact with Dwyka shale (2/2) 0.97 III EC,Na, Cl '14 not enough data DTH 1 6 

Dwyka tillite contact with NMP (112) 0.05 II F 19 not enough data DTH 1 3 

secondary porous Dwyka tillite (dryll) 0 dry 26 no aquifer 

featureless Dwyka tillite (10/49) 0 0 26 no aquifer 

dolerite contact with Dwyka tillite (1/5) 0 I EC,Na, Cl, F 26 not enough data DTH 1 4 

Dwyka tillite contact with NGS (5/21) 0 II EC, Mg, Na, Cl 26 not enough data DTH 1 5 

DOLERITE 

dolerite contact with NGS (4/6) 0.33 0 7 magnetics, EM 1,3 DTH 1 1 

dolerite contact with Swazian granite (4/4) 0.23 0 7 magnetics, EM 1,3 DTH 1 2 

fractured dolerite (58171) 0.13 II EC,Na,Cl 15 EM, YES 3,5 DTH 1 3 

dolerite contact with Karoo argillaceous rock (14/21) 0.16 III EC,Na,Cl 16 EM, magnetics 3 DTH 1 4 

secondary porous dolerite (5/8) 0.11 III EC, Mg, Na, Cl, F 16 EM 3 DTH 1 6 " . 
dolerite contact with Karoo arenaceous rocks (2/3) .0.1 III EC,Na,CI 16 EM, magnetics 3,1 DTH 1 5 

dolerite contact with NMP (dry/2) 0 dry 26 magnetics, EM 3,1 DTH 1 11 

featureless dolerite (dry/5) 0 "dry 26 no aquifer " 

dolerite contact with Dwyka tillite (lIS) '0 I EC, Na,Cl,F 26 magnetics, EM 1,3 DTH 1 7 

dolerite contact with Ecca shale (5/12) 0 I TDS 26 magnetics, EM 1,3 DTH 1 8 

dolerite contact with Vryheid Formation (8/17) 0 I EC,Na,Cl : 26 EM, magnetics 3,1 DTH 1 9 

dolerite contact with 10zini Formation (10/24) 0 II EC,Na,CI,F 26 magnetics 1 DTH 1 10 

f' 

NATAL GROUP 
" 

dolerite contact with NGS (4/6) 0.33 0 7 magnetics, EM 1,3 DTH 1 1 

secondary porous Natal Group (4/6) 0.32 0 7 not enough data DTH 1 3 

fractured Natal Group (80/118) 0.14 I Cl 7 profiling, YES 4,5 DT,U 1 2 .. 

NGS contact with NMP (3/3) 0.6 II Cl 13 not enough data DTI;I 1 4 

NGS contact with NGS shale (3/3) 0.1 II F 15 not enough data DTH 1 5 

NGS contact with Swazian,granite (1/1) 0 0 26 not enough data DTH 1 6 

feaWreless Natal Group (2/12) 0 
I 

III ~C,Na, Cl 26 no aquifer 
, 
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MEDIAN MEAN . RE~~ONfJOR R GEO~IlYSICS . ·'R DRILLING R FINAL;· ..... 

!; ..• : 
HYDRO LITHOLOGY YIELD (lis) ;QUALITY· .. ·FAI~J;JRE RELATIVE' 

\ .'. ~TINO··· 

JOZINI FORMATION 

fractmed lozini rhyolite (17/20) 0.13 II EC, Na, Cl, F 15 EM, magnetics 3,1 DTH 1 1 

secondary porous lozini rhyolite (2/3) 0.48 III Na,Cl,F 16 EM, magnetics 3,1 DTH 1 2 

featureless lozini rhyolite (3/12) 0 II Na,Cl 26 no aquifer 

dolerite contact with Jozini Formation (10124) 0 II EC,Na, CI,F 26 magnetics 1 DTH 1 3 

~ 

LETABA FORMATION 

Letaba basalt contact with pegmatite (1II) 0.5 0 7 EM, magnetics 3,1 DTH 1 2 

secondary porous Letaba basalt (3/4) 0.15 I N03 8 not enough data 3,1 DTH 1 3 

fractured Letaba basalt (87/89) 0.15 II EC,Na, Cl 15 EM, magnetics 3,1 DTH 1 1 

Letaba basalt contact with Karoo argillaceous rock 0.1 III EC,Na,Cl 16 EM, magnetics 3,1 DTH 1 4 
(111) 

featureless Letaba basalt (dry/I) 0 dry 26 no aquifer 
"') 

;, 
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The Karoo argillaceous hydrolithology, covering the greatest surface area in KwaZulu-Natal, 

has three target features for groundwater exploration. Fractured argillaceous rock is the most 

promising feature, although its quality is poor. Jhe contact between argillaceous and 
-~ . 

arenaceous rock has excellent quality groundwater, but in considering the Karoo arenaceous 

contact with argillaceous rock in the preceding hydrolithology (Table 74), the overall quality of 

this contact must be regarded as poor. The Karoo argillaceous contact with dolerite also 
r - ' 

produces poor quality groundwater. The success rate in fractured Karoo argillaceous rocks and 

dolerite intruded into Karoo argillaceous rocks is expected to be very similar. Groundwater 

quality problems to be expected will be related to high salinity. The preferred method of 

geophysical exploration in the Karoo argillaceous hydrolithology should be through 

electromagnetics. Percussion drilling is generally the only drilling technique required. Figure 

144 illustrates the nature of the typical target features and their ratings relative to one another. 

~~==~~~===;x~x~~'~x~~~~~~~~~ 
E::======~~~x x ~'\----__ ~ Xx 

x j--1lxO-..-r X X 
X X X DOLERITE t x x x x x x xX 
x x x x x x KAROO 

ARENACEOUS 

Figure 144. Schematic diagram of Karoo argillaceous targets with their final relative 
ratings. 

The final rating of Karoo arenaceous targets is similar to that in Karoo argillaceous rock, except 

the secondary porous target may compare more favourably than the contact with Karoo 

argillaceous rock (Figure 145). The quality in all targets is poor with almost all the 

groundwater containing a Class III constituent. Constituents which will be problematic will be 
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sodium, magnesium and chloride. Again, electromagnetics can generally be relied upon to site 

boreholes and percussion for drilling. 

Figure 145. Schematic diagram of Karoo arenaceous targets.-with their final relative 
ratings. 

The targets within the Ecca shales have lower salinity groundwater than the rest of the Karoo 

argillaceous rocks, except for secondary porous shales or those in contact with coal. The 
~ 

,,' 

contact between the shales and the underlying Vryheid Formation appears to be the best 

aquifer, followed by fractured shale which has a mean quality of Class II. Contacts, 'Yi.th the 

Dwyka Group, Natal Group, dolerite and coal have successively worse ratings, mostly as a 

consequence of low yields. Secondary porous shale, due its high clay content, has the worst 

rating. Vertical electrical sounding and electromagnetics are the recommended geophysical 

methods of borehole siting. The target features of the Ecca shale hydrolithology are similar to 

those shown in Figu:e 144, although the ratings are slightly different. 

The fractured targets of the Vryheid Formation have the highest rating compared to its contacts 

with both dolerite and Ecca shale. Secondary porous Vryheid Formation has been given the 

worst rating owing to uncertainty being cast by the single record, regardless of its very high 

yield and excellent quality. As in the Ecca shales, vertical electrical sounding and 

electromagnetics should be used during exploration, particularly in locating fractures. 

Magnetics can also be used but only where dolerite or large faults are expected. The drilling 
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technique will mostly be by percussion. A diagram showing the typical target features and their 

relative rating is presented in Figure 146. 

Figure 146. Schematic diagram ofVryheid Formation targets with their final relative 
ratings. 

The various lithologies comprising the Natal Metamorphic Province are difficult to rate against 

one another. Some subjective licence has been used to arrive at the final ratings because-some 

of the targets have too few records. What does become clear is that the abundant granites and 

gneiss have the best potential, whether the groundwater be in fractures or weathered zones. The 

groundwater quality is generally not worse than Class II. If the groundwater in Natal 

Metamorphic Province aquifers is classed as Class II it is mainly due to salinity levels. 

Fractures within schists appear promising, however the groundwater quality is affected by high 

fluoride concentrations. The rest of the lithologies; namely migmatite, diorite and quartzite 

have poor potential. Generally, percussion drilling should be used, but in highly fractured and 

weathered zones, ODEX drilling may occasionally be required. The dolerite contact with the 

Natal Metamorphic Province was intersected only twice, which resulted in a poor rating 

because both boreholes were dry. Further study should be conducted at this particular target, 

especially in Natal Metamorphic Province lithologies: Figure 147 illustrates the relative ratings 

of the different target features occurring in the Natal Metamorphic Province. The most 
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appropriate geophysical methods to be used in crystalline rocks should be electrical resistivity 

profiling or electromagnetics. 

.- I-

Figure 147. Schematic diagram of Natal Metamorphic Province targets with their final 
relative ratings. 

Groundwater development on the Zululand coasttll plain shouldiarget the discontinuous Uloa 

Formation as a first option (Figure 148). This is due to its excellent quality and high yields. The 
. -

palaeochannels and fine sands of the Maputaland Group are more abundant than the Uloa 

Formation and should be utilised -more extensively than they h'!ve been in the past. 

Unfortunately, the groundwater quality in these targets is subjected to salinity problems. The 

Zululand Group siltstones must be avoided due to the highly saline groundwaters that they 

contain. It is proposed that the coarse deposits of the Maputaland Group be developed by 

ODEX, with exploration by means of pilot holes an<:l, geological observation, and that the fine 

sands be developed by shallow hand-dug wells. The location of proposed shallow wells should 

be confirmed by exploration augering. 
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Figure 148. Schematic diagram of Maputaland Group targets with their final relative 
ratings. 

The perception that the Dwyka Group is one of the poorest aquifers can be altered by the 

knowledge that the quality of the groundwater produced can be better than previously thought. 

Fractures should be the first source of groundwater to be considered, with contacts at basement 

rock level producing the next best target (Figure 149). More frequently, the contact between 

tillite and Natal Group sandstone or dolerite wilf be encountered, however, these targets have 

been shown to be frequently dry. The proposed method of geophysical exploration is by.VLF, 

partly due to the poor results electromagnetics have had in the past. Percussion drilling will 

always be used to access the groundwater due to the consolidated nature of the rock. 
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Figure 149. Schematic diagram of Dwyka Group targets with their final relative ratings. 

The development potential of contacts between dolerite and its host rocks are addressed in the 

discussion on individual hydro lithologies. Fractured dolerite, "3fihough suffering from some 

salinity problems, is a relatively good target which can be detected by electromagnetics or 

vertical electrical sounding. Weathered dolerite will generally have a poorer quality than the 

fractured target, probably as a result of increased rock-water interactions. In highly fractured 

dolerite, ODEX drilling in conjunction with perc~"Ssion may be required to advance through the 

unstable sections. 

The Natal Group sandstone has the highest potential of all the hydrolithologies in KwaZulu­

Natal, with respect to development for rural water supply. The sandstone's contact with dolerite 

has the highest rating, primarily owing to its high median yield. The high yield is probably a 

result of extensive and interconnected fracturing due to the competent nature of both the 

sandstone and dolerite. Fractured targets are promoted above the secondary porous targets 

because the weathered sandstone often is clayey and not very deeply developed. Contacts with 

underlying basement rocks are the fourth best option, however, fluoride levels may be a 

problem. Resistivity methods are best employed when siting boreholes in this hydro lithology 

and magnetics should be used when targeting the dolerite contacts. The suggested target ratings 

are shown in Figure 150. 
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Figure 150. Schematic diagram of Natal Group targets with their final relative ratings. 

The extrusive volcanic rocks of the Lebombo Group generallxnave groundwater quality of 

Class II, which precludes its prolonged use without treatment. The moderate to poor quality of 

the groundwater is a result of salinity levels in both the Jozini Formation rhyolite arid Letaba 

Formation basalt, with the rhyolite groundwater also suffering from high fluoride levels. The 

fractured targets from both formations are t~. best prospeciB amongst the rest of their 

respective hydrolithologies. Secondary porous targets are the second best option in the Jozini 

Formation, followed by the contact with intrusive dolerite (Figure 151). Electromagnelic or 

magnetic methods are the best geophysical techniques for siting in the rhyolites and percussion 

is the most appropriate for drilling. 
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Figure 151. Schematic diagram of Jozini Formation targets with their final relative 
ratings. 

Targets features within the Letaba Formation all produce reasoI!able groundwater yields. The - ~ 

intrusive contact with pegmatite veins is a primary target, which should be followed by 

secondary porous targets and the underlying contact with Karoo argillaceous rock:· Dolerite 

does intrude into the Letaba Formation, but was not recorded in any of the drilling logs. This 

raises some doubt as to whether those responsible for logging were able to recognise the 

dolerite within the basalt. If this is the case, the fractured targets would include some of the 

dolerite contact targets. The dolerite contact target depicted in Figure 152 is therefore rated 

with a question mark. Similarly to the rhyolites, siting should be carried out by means of 

electromagnetic or magnetic geophysics and drilling by percussion. 
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Figure 152. Schematic diagram of Letaba Formation targets with their final relative 
ratings. 

10.1. Recommendations 

The data analysed in this thesis confirm some known facts and reveal many ne~ facts 

regarding hydrogeological targets in the different hydrolithologies occurriIlg in"K waZulu­

Natal. These facts must be used firstly to determine whether groundwater is a viable option in 

the area under consideration, and secondly, to"be confident that the best target features are 

located. The more abundantly occurring secondary aquifers of the province are relied upon for 

a large proportion of rural water supply. Of these_ 'hard rock' type aquifers, the Nataf Group 

sandstone clearly has the highest potential taking into account all poss~ble target features. The 

other hydrolithologies, in decreasing order of development potential, are: Natal Metamorphic 

Province granites and gneiss, the Ecca Group shales and Vryheid Formation, the Dwyka 

Group, dolerite, Karoo argillaceous and arenaceous rocks, the Letaba Formation and Jozini 

Formation. In almost all the hydrolithologies, frac~l!res were shown to be the highest rated 

target feature, followed by contacts with other rock types and secondary porous targets. The 

analyses also depicted dolerite contacts as generally not being the best targets, compared to 

other available targets features, but this may be a function of too few records. 

The low rating of the Karoo argillaceous and arenaceous rocks is unfortunate, since they cover 

the greatest surface area in rural KwaZulu-Natal. If, however, a larger number of records from 

these hydrolithologies were available, a different result may have been arrived at. Further work 
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should be carried out on specific contacts between hydrolithologies, such as: the Natal Group's 

contact with the Natal Metamorphic Province and the<Dwyka Group's contact with the Natal 

Metamorphic Province. 
-,;: . 

The Zululand coastal plain, being the only extensive primary aquifer in the province, has a 

large rural population which does not have access to much water, due to a lack of rivers. The 

groundwater resources must be developed to their full potential if the demand is to be met in a 

cost effective manner. There is abundant groundwater available, although its quality is variable. 

The Uloa Formation must be delineated and protected as it has the best potential of all the 

targets within the Maputaland Group. The sands of the Maputaland Group can be utilised 

inexpensively by shallow wells, with the cost of drilling in these formations being the highest 

of all the hydrolithologies in KwaZultl-Natal. A forthcoming report by Meyer et al. (in prep.) 
-

should hopefully provide some useful hydrogeological information to aid in the development 

of the coastal plain sands. - ~ 

This research has also shown that appropriate geophysical methods should be considered when 

siting boreholes in each hydrolithology and even for each individual target features. The use of 

only one geophysical method for groundwater exploration must-be questioned. The choice of 

method should be the best method for the particular hydrolithology and the siting must be 

supported by a secondary method. 

Drilling in the secondary aquifers is almost always by means of percussion, with ODEX 

sometimes being required where unstable conditions, due to highly weathered or fractured 

zones, occur. The use of ODEX drilling can increase the cost of drilling substantially and it 

should, therefore, only be used if potential boreho~~ sites are limited. The cost of borehole 

drilling on the Zululand coastal plain is expensive, owing to the requirement of mud rotary or 

ODEX drilling techniques. Where possible, alternative methods, such as hand-dug wells, 

should be used to access the groundwater. 
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11. SUMMARY AND CONCLUSION 

The implementation of rural water supply scheme.s using groundwater is dependent on a 

number of factors. Past failures have resulted fr~m not considering all these factors. One of the 

first factors to be considered is whether the community requiring the water supply is satisfied 

with groundwater as a source. After the community's requirements, in terms of level of service, 
r - ' 

and water quantity have been determined, the scheme must be designed to meet both present 

and future population demands. Alternative sources must also be examined and the physical 

and technical aspects of groundwater for the particular situation studied. For dealings with 

communities, the services of a social expert to communicate with the community in order to 

identify all their concerns and needs is required. 

The hydro lithology underlying the area of concern will dictate whether a groundwater option is 

feasible. The two aspects determining the hydrogeological potential of an aquifer are yield and 
'-- ..;,..-

groundwater quality. To be able to consider the potential of the hydrolithology, the possible 

targets to be encountered together with their expected yield and quality limitations must be 

determined. This thesis contributes to comparisons between target features, with regard to 

median yield and mean quality, from data coll~ted from a recent drought relief programme 

carried out by the DW AF. 

The most favourable hydrolithologies in terms of development potential, on the basis of yield 

and quality, are the Natal Group sandstones, the Natal Metamorphic Province gneiss and the 

Uloa Formation. The brittle nature of the latter two hydrolithologies may explain why yields 

are higher, than the majority of the Karoo sedimentary rocks. In the brittle rocks, fractures 

remain open while in comparison, ductile argillaceous rocks will deform in a more plastic 

manner and therefore have less well developed fractures, except where major faults occur. The 

Uloa Formation is the only known occurrence of a karst type aquifer in KwaZulu-Natal. 

Fractures are the only feature worth targeting in Dwyka Group tillite. The surprisingly high 

median yield of these normally non-water bearing rocks is probably due to the fractures acting 

as the only real conduit of groundwater and therefore all groundwater within the rock makes its 

way towards these features. The contact between the Volksrust and Vryheid Formations of the 
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Ecca Group is also rated highly, with the groundwater generally being of a better quality than 

the rest of the Karoo sedimentary rocks. 

.- .. 
-0; 

The groundwater emanating from palaeochannels of the Maputaland Group, fractured Natal 

Metamorphic Province schist and granite and secondary Natal Metamorphic Province porous 

gneiss have the next best potential but often require treatment. Also categorised as having a 

similar potential are the Ecca Group, Vryheid Formation, dolerite, Jozini Formation and Letaba 

Formation. 

Those targets with low yields or very poor quality are the Karoo argillaceous and arenaceous 

rocks, their contacts with dolerite together with secondary porous dolerite, the fine sands of the 

Maputaland Group and fractured Natal Metamorphic Province rocks, excluding granite and 

gneiss. The lowest rated targets were shown to be most of the dolerite contacts and secondary 

porous Karoo sedimentary rocks, especially argillaceous typ~s. .~ _ 

Once the best available targets have been recognised, an appropriate geophysical method must 

be identified in order to be confident that the target features will be detected. It is not 

satisfactory to use one method only becau~. it happens te be the only method the 

hydro geologist or geophysicist has in their possession. A comparison of the relative success of 

several methods shows that in most cases there is a clear indication that one or two methods 

surpass the others. Apart from being- able to carry out geophysics and interpret the data, the 

responsible person must consider the probable movement and occurrence of groundwater in the 

area as it affects the feature targeted. 

The cost of drilling must also be taken into account b~fore a final decision can be made on the 

potential of the aquifer for development. This is because the cost of drilling is one of the 

greatest costs involved in groundwater development. In general, percussion drilling will be 

used to access the secondary 'hard rock' aquifers of the province, but specialised ODEX 

drilling may be required in difficult cases, such as in unstable, very weathered and fractured 

formations within the Natal Group and Natal Metamorphic Province. Mud rotary and ODEX 

are the only drilling techniques that will be successful in the unconsolidated sands of the 

Maputaland Group and other primary deposits, such as alluvium. The cost of the latter two 
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drilling methods is roughly double that of percussion drilling and if possible the use of shallow 

wells must be considered as an alternative means of accessing groundwater. 

," .. 
After selecting the most suitable hydrogeological targets, drilling will commence. The 

construction of the borehole through the correct use of casing and screens will allow the 

borehole to perform near its maximum capability. Following the completioI} o(the borehole by 

means of development, pump testing must be carried out to determine the sustainable yield of 

the groundwater resource. Recognised pump testing procedures must be followed and the 

interpretation of the pump test data must be according to appropriate methods. The shape of the 

drawdown curve should, firstly, allow an identification or confirmation of the aquifer type to be 

made, e.g. consolidated and confined or bounded, and secondly, together with recovery curves, 

the aquifer characteristics responsible for the yield of groundwater may be derived. Both 

borehole and aquifer methods may be used to determine its sustainable yield. The main 

difference between these two methods is that the borehole ~eth2d relies on the response of the 

borehole to pumping and is primarily controlled by transmissivity, storativity and hydraulic 

boundaries, while aquifer methods rely on estimations of recharge and storage. The correct 

application of all aspects of groundwater development will ultimately promote the use of 

groundwater as a reliable resource. 

Boreholes may not always be the best option for groundwater development. Springs ancr wells 

must therefore also be considered as-viable options. These sources of groundwater should be 

viewed as appropriate methods of groundwater development and not as second rate options. 

It is knowledge the groundwater yield and quality of aquifers, appropriate geophysical siting 

and drilling methods, together with the recogniti?,n for the need of active social inputs 

throughout the process, which will contribute to the success of groundwater development in 

rural KwaZulu-Natal. 
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, 
" 

1 
2 
3 
4 

- -----

5 
-- ----

6 - -

7 
8 
9 
10 
11 
12 

---

13 
14 
15 
16 

- -

17 
18 
19 
20 
21 
22 
:p, 
24~ 

2!.\ 
28' 

21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

- -. - -

43 
44 

45 
46 
47 
48 
--->--- ---- ----

49 

BOREHOLE LONGITUDE 
NUMBER AREA (X) 

Bl01304 Ingwavuma 32,0794 
Bl01305 Ingwavuma 32,1297 
Bl0130611 Ingwavuma 32,1664 
Bl01306 B Ingwavuma 32,1647 
Bl01306 C Ingwavuma 32,1652 

-------

Bl01307 A Ing",avuma 32,1547 
8101307B Ingwavuma 32,1556 

Bl01308 Ingwavuma 32,1056 
Bl01309 A Ingwavuma 32,1656 
Bl01309 B Ingwavuma 32,1522 
Bl01309 C Ingwavuma 32,1528 
Bl01310 Ingwavuma 32,0558 
Bl01311 A Ingwavuma 32,0422 

Bl01311 C Ingwavuma 32,0347 
Bl01312 Ingwavuma 31.9864 
Bl01313 A Ingwavuma 32,0886 
Bl01313 B Ingwavuma 32.0514 
Bl01313 C Ingwavuma 32.0494 
Bl01314 Ingwavuma 32,1656 

Bl01315 A Ingwavuma 32,1550 

Bl01315 B Ingwavuma 32,1556 
Bl01316 Ingwavuma 32.1247 
Bl01317 A Ingwavuma 32,1931 
Bl01317B Ingwavuma 32,1019 
Bl01318 A Ingwavuma 32,2102 
8101318'B Ingwavuma 32.2106 
8101319 Ingwavurna 32.0533 
Bl0131A B Ingwavuma 32,0411 
Bl01320 Ingwavuma 32.1077 
Bl01321 Ingwavuma 32,1097 
Bl01322 A Ingwavuma 32,0056 
8101322 B Ingwavuma 32,0061 
Bl01323 Ingwavuma 32,1233 
Bl01324 Ingwavuma 32,1522 
8101324 A Ingwavuma 32,1531 
Bl01327 Ingwavuma 32,1714 
Bl01327 A Ingwavuma 32,0064 
Bl01328 B Ingwavuma 32.1708 
Bl01328 B Ingwavurna 32.1692 
Bl01329 A Ingwavuma 32.2361 
Bl01329B Ingwavurna 32.2347 
Bl01330A Ingwavuma 32,1958 
Bl01330 B Ingwavuma 32.1866 
Bl01331 Ingwavurna 32.2397 

Bl01332 Ingwavurna 32.1528 

Bl01333 Ingwavuma 32,1206 
I 

810.1334 Ingwavurna 32,0536 

B101335 Ingwavuma 32,0314 
--- -

Bl01336 InQwavuma 32,0336 

I STATIC DEPTH OF 

LATITUDE
i 

BOREHOLE 
WATER WATER 
LEVEL STRIKE 1 

(Y) DEPTH (m) (m,b,g.l) (m,b,g.l)_ 

·27,3878 70 14.40 62 

·27,3744 66 17,70 40 
--

·27.3497 60 ·999 

·27,3497 79 ·999 
·27,3511 60 ·999 

--

·27,3128 100 ·999 

·27,3122 60 ·999 -----
·27A058 102 18,90 42 

·27.2763 91 ·999 

.27,~756 70 ·999 

·27,2747 96 ·999 

·27,3791 110 57,00 54 

·27,3697 150 ·999 

·27,3647 110 ·999 

·27,2758 100 3.60 27 

·27,1483 120 '999 

·27.1475 130 ·999 

·27,1469 149 ·999 

·27.2431 82 ·999 

·27.1922 60 7,80' 49 

·27,1931 48 ·999 

·27.1592 80 6,70 32 

·27.1633 36 ·999 
·27,1642 41 ·999 

·27,1372 36 ·999 

·27,1389 36 .9991 
·27,3852 115 16.70 101 
.p,3708 120 

, 
·999 

·27.2222 55 6,30 36 
·27,1194 60 7,60 21 
·27,1811 45 ·999 

·27,1653 150 ·999 
·27.0253 60 8.65 30 
·26,8817 60 10,60 25 
·26,8817 140 ·999 

·27.3225 25 9AO 241 

·27.1672 30 241 
·27.1450 30 ·999 

·27,1453 51 ·999 

·26,9839 20' ·999 

·26,9850 36 ·999 

·27.0258 23 ·999 
·27,0350 80 ·999 

·26.9636 20 3,25 15 

'26,9814
1 

120 18040 115 

·27,1150 88 12.20 79 

'27,
3706

1 
140 33,20 85 

·27,3811 150 4,60 ,1_36 
--" . --- - ---
·27.3814 107 8,00 ' 42 

BH DATA BASE Page 1 

DEPTH OF DEPTH OF BLOW PUMP I 
WATER WATER TEST TEST I 

STRIKE 2 STRIKE 3 YIELD YIELD QUALITY 
(m,b,g,1) (m,b,~,1) 

-
(I/s) (I/s) SURFACE LITHOLOGY LlTHOLOGYOF \'lATER STRIKE CLASS AQUIFER TYPE .. " - , -

12.50 10.00 I JOll~i rhyolite JOllni rhyolite/dolerite 3 contact 
--- -- ---- ----

2,00 2,00 I JOlini rhyolite dolerite 3 Ifractured 
0,00 Zululand Group Zululand siltstone featureless 

--

1 Zululand siltstone 
-

1- 0,00 Zululand Group featureless 
-- I Zululand siltstone 

.. 
0,00 Zululand Group featureless 

--- ... 
0,00 .. Zulu land Group 

- -
,Zululand sandstone/siltstone contact 

---- _. 
- i Zululand gandsto-ne/siltstone 0,00 Zulu land Group ,contact 

- -

84 DAD ·1.00 JOlini rhyolite. dolerite 3 fractured , -- ---

0,00 Zulu land Group Zululand sandstone/siltstone contact 
0,00 Zululand Group Zululand sandstone/siltstone contact 

-- -

0,00 Zululand Group Zulu land sandstone/siltstone oontact 
---- -- -

60 0.20 , 0,16 JOlini rhyolite JOlini rhyolite 2 fractured 

o.o(i JOlini rhyolite JOlini rhyolite featureless 
0,00 JOlini rhyolite Jozini rhyolite featureless 

-- -

41 0.20 0,24 JOlini rhyolite JOlini rhyolite 0 fractured 
---- -

I JOlini rhyolite 
------ -

0,00 JOlini rhyolite featureless 
--- - --

1 JOlini rhyolite 0,00 JOlini rhyolite fractured 
0,00 I JOlini rhyolite JOlini rhyolite featureless 

---- -- - __ I Zululand Group 0,00 Zulu land sandstone/siltstone contact : 
_. ---

0,20 ·1 Zululand qroup Zulu land sandstone/siltstone Icontact' 
" 

0,00 Zululand Group Zululand sandstone/siltstone contact 
!t lf, 

0.20 0,09 JOlini rhyolite I JOlini tuff/rhyolite - - _ contact 
--

0,00 Maputaland sand Zululand sandstone/siltstone 

r~'d --

0,00 
1 

JOlini rhyolite Zulu land sandstone/siltstone contact 
- ---

0,00 I -- --
I Maputaland sand Zulu land sandstone/siltstone contact 

------- -

I, ' 

0,00 Maputaland sand Zulu land sandstoneTsiltstone 'contact 
2.50 1.00 iJOlini rhyolito dolorito/Jolini rhyolito 3 ron~1ct 
0,00 1 JOlini rhyolite JOlinl rhyolite feat~reless 

-- - -

0,71 1.00 JOlini rhyolite dolerite 2 frar!!ured 
0,66 0,66 Jozini rhyolite Idolerite 3 i secondary p~rous 

--

0,00 JOlini rhyolite dolerite/,lolini rhyolite I contact 
----- ._- -- -

0,00 JOlini rhyolite dolerite/Jolini rhyolite contact 
6,67 '2,00 JOlini rhyolite JOlini rtlYoltte 3 socondary porous 

I 

1,00 OA8 JOlini rhyolite JOlini rhyolite 2 secondary porous 
0.00 \ JOlini rhyolite JOlini rhyolite featureless 

- i 
0,27 \),13 Zululand Group _ Zulu land clay/gravel 3 ,primary 

-
1.11 ·1.00 Maputaland' sand Maputalandpalaeochannel 3 I prirnary 
0,00 Zululand Gipup Zulu land siltstone secondaryporous/featureless 

---

0,00 Zululand Group Zulu land siltstone , secondary porous/featureless 
0,00 

1 

Maputaland sand Zulu land sandstone/siltstone contact 
0,00 Maputaland sand Zulu land sandstone/siltstone contact 

- -- ~ ", 
0,00 Zululand Group Zululand siltstone featureless 

- - -

0,00 Zulu land Group Zulu land siltstone featureless 
0,60 0,50 Maputaland sand Maputaland sand 

, 
1 primary 

- -

15.00 ·1.00 I Jozin; rhyolite JOlini rhyolite 3 fractured 
20,00 

'00 f""' '"'"". Jozini rhyolite 3 f,actured 

0,80 I 0040 J()zinirhyo"te JOlini rhyolite 1 fractured 
-- -- ---

J),Q8 j .. 0,10 Jozini rhyolite JOlini rhyolite 2 featureless -- - -- ... 
JOlini rhyolite- Jozinl rhyolite 

- --
94 0,25 0,10 3 fractured 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

.---------

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

~3~-
24 
25 
~ 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
-- -- --._----
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

LENGTH OF 
TRAVERSE 

GEOPHYSICAL METHOD 1 GEOPHYSICAL 
METHOD 1 (m) METHOD 2 

EM 250 MAG 
FM 
EM 
EM 

310 
115 
115 

MAG 

MAG 
EM 115 
EM 

EM __ .. 
EM 
EM 
-EM -­

none 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM-

EM 
EM 
EM 
EM 
EM 
EM 

MAG 
EM 

'EM 
EM 

MAG 
EM 
EM 
EM 
EM 

none 

f--- none 
____ geology 

geology 
EM 
EM 
EM 
EM 

MAG 
EM 

MAG 
, MAG 

MAG 
geoloQY 

135 MAG 
135 MAG 
370 MAG 
160 .- MAG-

160 

400 
200 
200 
260 
130 
130 
130 
350 
170 
170 
280 
160 
160 
180 
180 
115 
200 
300 
170 
300 
340 
280 
110 
110 

210 
160 
285 
285 
180 
260 
70 

130 
75 

MAG 

MAG 
MAG 
MAG 
MAG 

MAG 
MAG 
MAG 

MAG 
MAG 
MAG 
MAG 

MAG 
MAG 
MAG 
MAG 

MAG 

I 

I 

LENGTH OF 
TRAVERSE· 
METHOD21 

(m) 

250 
310 

115 

135 
135 
370 
160 

400 

200 
260 
130 
130 

200 
300 
170 

340 
280 
110 
110 

210' 
160 
285 
285 

260 

BH DATABASE 

EC TDS 
pH_ (mS/m) (",gil) 

8.3 246 1330 
7.91163 -6821 

Total I Total 
hardness alkalinity 
. (mgll) (mgll)_ 

Ca Mg Na I CI !I SO, 
(mg/l) (mgll) (mg/,)IK (mgll) (mgll) (mgll) 

I ! 
NH3 NO, Fe I Si 

(mg/l) (mgll) F (mgll) (mg/l) P (mgll) (mgll) 

82 196 33 7 424 3,6 6(}f! 13 _ 0,06 __ 0.1 i-- _ 4 . .6 ___ .. _ 0.02 13.5 

. 

8.3 135 863 

8,8 

6.9 

--_. 

8,3 

7,6 
8 

8.3 
7.5 

7,9 
8,1 

72.8 590 

44,1 268. 

. 

120 971 , 

88.8 713 
708 4148 

218 1282 
69,1 591 

916 5145 
600 

602 291.241 448 1579 

-- ... 

... -.. - -

.... 

____ .52.. _256. 21 10 241 

12 303 5 2 158 

61 

··1-
.. : .. 

- .-

... - --_.-

25 

105 
529 

. 

142 
100 

~ -

406 

288 

.. 

10 3281 

42 19 142 
346 212 129 1128 

.. 

275 57 35 345 
274 40 14 108 

4-- -
999 . __ '2_74 _ 400 _ 308 1032 

- -.---- I -. -.. - .. ---. 
_ .. 

8.3 
7,7 
8,1 

8 
8.4 

8 

92,4 673 
437 2466 
221 1292 
67.5 535 
152 937, 

222 1312 ' 

110 
207 

75 
80 
42 
70 

.... 

44 29 222 
96 83 19 

':~I 
200

1
}0 

224 32 
283 17 
264 28 

Page 2 

110 
810 
415 
88 

270 
416 

33,9 3714 

. 

5.3 219 

3.3 65 

.. 

2.4 11id - . I 

4 
22.7 

145'1 
2172 

, I 

1 

6.8 
4.3 

481 
78 

67 2694 

6 192 
10.6 1300 
3.2 536 
5.6 104 
3.3 283 

3.8 519 

450 _0.19 ___ 0.1 _.. 1_ _ _ _ 0.01 1 9.5 

. . . 

1-
41 0.91 0.1 12.9 

8 0.04 

9 0.04 

56 0.151 
r 

8 - 0.051 
50 0.07 

171 0.05 
7 0.04 

300 0.071 

- ... -

8 
121 
56 

4 
10 
8 

8,66 
0.14 
0.04 
0.04 

0.04 1 

0.051 

0.1 

0.1 

0.1 

0.1 
2.1 

0.1 
0.1 

1.5 

0.1 
0,1

1 
0.1 
1.8 
0.1 
0.1 

2.8 1 

0.3 

- I 

1.9 

3.9 

1.1' 
4.1 
4.3 
1.2 
0.9 
2.3 

. 

I 
I 

0.04 6,4 

""I 11.7 

I 

0.031 14.1 

I 

I 

0.02 10,9 

0.02 28.6 

0.
02

1 

1 

omi 
0.03 1 

0.02 

0.021 

0.01
1 

0.01 

0.
02

1' 0.03 
0.01 

27,4 

18.5 
19.1 

8.5 

16.3 
6.4 

20.4 
22.7 
22.7 

19 

Page 2 
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BH DATA BASE Page 3 

STATIC DEPTH OF DEPTH OF DEPTH OF BLOW' PUMP I 
I 

WATER WATER WATER WATER TEST TEST 
I QUALITY I BOREHOLE LONGITUDE LATITUDE BOREHOLE LEVEL STRIKE 1 STRIKE 2 STRIKE 3 YIELD YIELD 

NUMBER AREA (X) (Y) DEPTH (m) (m.b.g.1) (m.b.g.l) (m.b.g.1) lm.b.g.l) (I/s) (l/s) SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE CLASS AQUIFER TYPE 
- -

-27.2178 152 61.20 133 0.13 0.10 Jo~ini_ rhyolite dolerite 50 Bl01337 Ingwavl}ma 31.9839 
- - 1 fractured 

51 Bl01338 Ingwavuma 32.0056 -27.2228 152 61.20 85 0.09 0.07 JOlini rhyolite JOlini rhyolite 0 fractured 
52 Bl01338 A Ingwavuma 32.0047 -27.2217 152 :999 0.00 

----
JOlini rhyolite JOlini rhyolite featureless 

- -

53 Bl01339 Ubombo 32.4767 -27.0542 25.23 7.13 13 -1.00 0.28 Maputaland sand I Maputaland sand 2 primary 
54 Bl01340 Ubombo 32.4581 -27.0989 25.23 5.91 12 -1.00 0.28 Maputaland sand Maputaland sand 1 I primary ---
55 Bl01341 Ingwavuma 32.0133 -27.1925 132 46.80 88 1.30 -1.00 JOlini_ rhyolite JOlini rhyolite 1 fractured 

-- - :999 --- --- - -- -- -

56 Bl01341 A Ingwavuma 32.0164 -27.3728 152 0.00 Jozini rhyolite JOlini rhyolite featureless 
--- - _ .. - -- --- -- -

57 Bl02273 Ubombo 32.1142 -27.6703 132 64.80 105 0.30 0.30 JOlini rhyolite JOlini rhyolite 2 featureless 
58 Bl02274 Ubombo 32.1208 -27.6842 91 31.70 42 70 0.33 0.13 Letaba basalt 

-
Letaba basalt 2 fractured 

----

59 Bl02275 A Ubombo 32.2342 -27~7861 138 -999 0.00 Maputaland sand JOlini rhyolite/dolerite contact 
- -- -- - - --- - ---

60 Bl02275 B Ubombo 32.2339 -27.7850 145 -999 0.00 JOlini rhyolite JOlini rhyolite/dolerite contact 
61 Bl02276 Ubombo 32.2206 -27.7742 102 54.20 67 0.67 0.08 Jozinirhyolite Jozini rhyolite 2 fractured 

, 

62 Bl02276 A Ubombo 32.2175 -27.7742 131 -999 0.00 rJolini rhyolite JOlini rhyolite . fractured 
- -

63 Bl02277 Ubombo 32.2206 -27.7719 102 20.60 59 0.57 0.10 JOlini rhyolite JOlini rhyolite/dolerite 1 fractured 
-!J99 

-

64 Bl02278 A Ubombo 32.1928 -27.7678 138 0.00 JOlini rhyolite Jozini rhyolite/dolerite contact 
65 Bl02278 B Ubombo 32.1894 -27.7667 144 -999 0.00 JOlini rhyolite JOlini rhyolite/dolerite featureless ---

66 Bl02278 C Ubombo 32.1908 -27.7622 144 -999 0.00 Jozini rhyolite IJolini rhyolite/dolerite contact 
- - - -- --- --- - -

38 0.08 , 0.06 JOlini rhyolite 67 Bl02279 Ubombo 32.2164 -27.7514 101 25.30 JOlini rhyolite 1 ractured ---- - - - -- -, 
68 Bl02280 Ubombo 32.2178 -27.7636 120 78.50 96 0.67 0.42 JOlini rhyolite JOlini rhyolite 2 fractured 

! ---
69 Bl02281 Ubombo 32.2431 -27.7558 65 7.00 11 0.28 0.10 JOlinirhyolite JOlinirhyolite 2 fractured 

--- - -

70 Bl02281 A Ubombo 32.2414 -27.7550 130 -999 0.00 JOlini_ rhyolite JOlini rhyolite I fractured 
--- !+ 5, 

71 Bl02282 A Ubombo 32.1786 -27.7409 145 -999 0.00 JOlini rhyolite JOlini rhyolite/dolerite ,cpntact --

7~ Bl02283 Ubombo 32.1564 -27.7017 106 36.90 68 1.43 0.19 JOlini rhyolite JOlini rhyolite/dolerite 2 I contact 
V'r 

-----

IJ;'lini rhyolite/dolerite 
- - -- -- --

Bl02284 Ubombo 32.1628 -27.6942 102 20.10 43 0.14 0.06 JOlini rhyolite 2 contact 

~~ Bl02285 A Ubombo 32.1508 -27.6939 140 -999 0.00 JOlini rhyolite JOlini rhyolite/dolerite contact 
7'{; B102285 B Ubombo 32.1508 -27.6936 130 -999 ~ 0.00 JOlini rhyolite I JOllni rhyolite/dolerite '1 contact 

32.1542 -27.6822 120 27.10 78 
~,-- --

0.50 0.42 JOlini rhyolite JOlini rhyolite 3 . frMtured 
- --

76 B102286 Ubombo 
32.1317 ;27.6664 141 

, 
-999 0.00 JOlini rhyolite JOlini rhyolite/dolerite 77 Bl02287 A Ubombo 

~~~::~: 78 Bl02287 B Ubombo 32.1336 '27.6686 129 -999 0.00 JOlini rhyolite I JOlini rhyolite/dolerite 
79 Bl02288 Ubombo 32.0594 '-27.5661 121 68.70 44 98 0.14 0.05 Jozini rhyolite Jozini rhyolite/dolerite 3 contact 

80 Bl02288 A Ubombo 32.0647 -27.6686 151 -999 0.00 JOlini rhyolite IJoZini rhyolite/dolerite icontact -

81 Bl02289 Ubombo 32.0253 -27.5636 101 10.00 64 0.08 0.01 I JOlini rhyolite I JOllni rhyolite 2 I featureless 
82 Bl02290 Ubombo 32.0164 -27.4947 104 32.40 49 0.17 r 0.03 JOlini rhyolite JOlini rhyolite 2 fractured 
83 B102291 Ubombo 32.0131 -27.4703 126 10.60 94 0.97 0.07 JOlini rhyolite JOlini rhyolite 3 I fractured 
84 Bl02292 Ubombo 32.0603 -27.4581 110 8.53 55 I 0.56 I' 0.04, I JOlini rhyolile JOlini rhyolite/dolerite 2 contact 
85 B102293 Ubombo 32.0661 -27.4494 101 31.04 94 0.22 10.08 I JOlini rhyolite JOlini rhyolite/dolerite 3 contact 
86 Bl02294 Ubombo 32.0703 -27.4428 98 47.03 87 1.05 0.42 I JOlini rhyo(ite rOZi'" rhyolite 1 fractured 

87 Bl02295 Ubombo 32.1119 -27.5358 120 72.47 109 2.50 2.50 JOlini rhyolite JOlini rhyolite/dolerite 3 contact 

88 Bl02296 Ubombo 32.1403 -27.5567 120 30.21 40 0.08 0.04 Jozini rhyolite JOlini rhyolite/dolerito 2 contact 
- --- -- ---- -

-~,,--- -- -

89 Bl02296 A Ubombo 32.1419 -27.5569 132 -999 0.00 JOlini rhyolite rOlini rhyolite secondary porous 
90 Bl02297 A Ubombo 32.1456 -27.5772 125 -999 0.00 JOlini rhyolite JOlini rhyolite 'j featureless 

--

91 B102297 B Ubombo 32.1447 -27.5769 150 -999 0.00 JOlini rhyolite JOlini_ rhyolite/dolerite contact 
11 1" 

-

92 Bl02298 Ubombo 32.1522 -27.5714 93 4.24 0.33 0.25 JOlini rhyolite _ I dolerite , 3 secondary porous 
93 Bl02299 Ubombo 32.1867 -27.5569 30 18.91 24 2.50 1.53 Maputaland sand Maputaland palaeochannel 3 primary 
94 B102300 Ubombo 32.1772 -27.5681 21 10.18 15 2.83 2.50 Maputaland sand Maputaland palaeochannel 3 primary 
95 B102301 Ubombo 32.1914 -27.5642 26 13.52 

; 
22 5.00 4.00 Maputaland sand Maputaland palaeochannel 2 primary 

96 B102302 Ubornbo 32.2064 -27.5708 19 8.50 12 2.78 _ 1.00 Maputaland sand Maputaland palaeochannel 3 primary 
Bl02303 

- -

O£).14 _.0.22 ... JOlinL rhyolite_ .. I:olini rhyolite -97 Ubombo 32.0361 -27.4511 151 
--

85.10 ,145 -- - .-~ - - 2 fractured --- _. -- - --98--' Bl02304 Ubombo 32.2431 ~27.5472 20 6.40 ' 16 4.44 2.50 Maputaland sand Maputaland palaeochannel 2 primary 
--
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LENGTH OF LENGTH OF I 
TRAVERSE TRAVERSE· 

GEOPHYSICAL METHOD 1 GEOPHYSICAL METHOD21 I EC TDS 

50 
51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 
62 

63 

64 

------ _ .. 

. -- -----

65 
-.-._---- --

66 
67 

68 
69 
70 

71 

7E 
73 
74. 
75' .... --- --- ---- ... 

76 

77 
78 
79 

80 
81 
82 
83 
84 
85 

86 

87 

88 
89 

90 

91 
92 

93 
94 

95 

96 

97 

98 

-- -

METHOD 1 (m) METHOD 2 (m) 

MAG 80 

geology 

_ geology _ ____ _ 
_.geology 

geology 

geology 

MAG 210 

MAG 220 

MAG 

MAG 

MAG 

MAG 

MAG 

MAG 

VLF 

VLF 

VLF 

MAG 
MAG 

MAG 
MAG 

MAG 
MAG 

VLF 
MAG 

MAG 
VLF 

MAG 

MAG 
MAG 

MAG 
MAG 
MAG 
none 
MAG 

MAG 

MAG 

MAG 

MAG 

MAG 

MAG 

MAG 

MAG 

geology 

geology 

geology 

Geology 
MAG 

geology 

400 

150 
150 

270 

400 

210 

115 
115 

300 

490 

200 
260 

260 
150 

250 
280 

75 
75 

250 

165 
165 
150 

150 
300 

250 

300 
260 

250 

300 

300 

200 

175 

175 
250 

140 

MAG 
MAG 

MAG 

MAG 

MAG 

115 
115 

300 

pH (mS/m) (mgll) 

8.1 85.9 674 
7.7 41.7 255 

8 
7.7 

8.4 

8.1 

259 

81.5 

52.6 

108.6 

1589 i 
60B I 

420 

624 

10 175 878 

7.9 143 934 

7.8 84 637 

7.7 96.8 742 

7.7 139 983 
7.5 224 ,'429 

, 
--- 8.3 123.4 875 

280 7.8 91.4 640 

250 7.6 326 171 ~ 

7.9 

8.2 
8.1 
8.1 
7.7 
7.2 
7.6 
8.8 
8.3 

7.4 

8 
7.9 

7.6 

7.9 

8 
7.9 

--

237 

113.8 
161 
142 
69.8 
674 

91.9 

180 

115B 

1279 

863 
369 

186 

345 

144 

202 

1343 

760 1,1 
864 
729 
533 

3914 

632 

1054 

758 

7518 

6037 

2427 

1161 

2053 

730 

1358 

BH DATABASE 

Total Total 

hardness alkalinity Mg 
(mg/l) 

6 
6 

I 
I I I I 

Na CI SO, NH3 N03 i ' Fe i Si 

(mgll) IK (mgll) (mgll) (mgll) (mgll) (mgll) I F (mgll) I (mg/l) P (mg/l) I (mgll) (mgll) (mgll) _ 

32 292 176 2.7 88, 20 0.04 2.41 1.1 0.01! 24.9 
20 

100 

357 

215 

226 

125 

16 

40 

30 
7 

56'1 6.9 58 12 _.0.29 3.11 0.2 _ 0.031 128 

159 5.3 148 10 0.04 0.04 0.2 0.Q16 

359 7.2 557 75 0.04 0.04 0.2 0.01 i

l 11 55 5.4 21 10 0.04 0.1 1.1 0.05 

75 

30 

269 
-- --

260 

316 

48 

70 

45 

54 

61 

2 
1 

31 

21 

23 

176 

253 

200 

104 

124 

362 _ __ 54 ,,34. 192 
327 530 59 313 

299 
187 

y 

... 142 

--

112 

-- ---

15 

42 

64 

93 

8 
24 

69 

32 

253 25 9 
201 45 12 
83 15 2 
27f 48 14 
424 288 171 

239 146 16 
310 11 6 

243 6 1 

247 
125 

453 

316 

192 
238 
240 
73 

820 
108 

341 

240 

-553 --- 258 

1232 76 
583 185 

273' 1 2163 
178 I 1713 

2201 265 
304 85 

310 154 

113 27 

474 53 

67"'1
194 

127 .368 
7 ''220 

66 l 280 

Page 4 

1.6 

1.5 

6.9 

3.9 

3.1 

3.8 
4.1 

3.3 

6.6 

15.7 

5 

~.2 
2.7 

(1.1 
~.7 

23.6 

11.4 

3.1 

2.7 

0.3 
10.3 

0.3 

1.8 

0.3 

7.8 

1 

284 

486 
19 0.04 0.36 0.4 

0.6 31 0.04 I 0.04 

ri .", I,,, III 0.6 

108129 -- 0.04 0.05 0.8 

.- ! 
--I 

243 

131 
230 

530 

13 0.04 0.221 0.7 
22 0.04 1.1 0.8 

40' 0.04 1.12 I 

218 
209 

393 

539 

18 

4 

48 

14 

0.04 
0.04 

0.04 

0.06 
0.17 

0.04 

0.87 46.02 

207 13 0.04 0.04 
297 22 0.04 0.05 
344 19 0.04 0,41 

50 6 0.04 0.04 
2025 63 0.08 0.93 

146 11 0.04 0.05 

296 15 0.04 0.04 

203 7 0.04 0.04 

4057 90 

2312 243 

869 159 

325 I 117 

~b~l- 1:39 

278 102 

0.1 

0.08 
0.08 

0.06 

0.1 

0.04 

0.05 

0.26 

0.24 
3.99 

0.11 

1.96 
0.06 
0.06 

I 
0.8 

1.5 

0.6 

0.5 

1.5 

2.4 
1.2 
3.8 
2.8 
2 

0.7 

5.4 

3 

3.1 

1.7 

0.9 

0.6 

0.5 

2.1 

0.6 ! 

1-

0.009 '1 
0.014 

I 0.021 , 

0.016 
I 

I 
0.012

1' 

0.027 

0.013 I' 

I 
I 

0.013 I 

0.037 ! 
I 
i 

0.07 I 

0.009 1 

0.011 

0.021 
0.Q18 
0.012 

0.019 

0.01 

0.036 

0.022 

0.019 • 

0.012 

i 0.014 
0.011 

;1

1 
0.027 : 

0.029 I' 

0.Q18 

18.6 
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, 
w 

99 - .-

100 
101 

102 
103 .. -
104 

----

105 
---

106 
107 

108 --
109 
110 
111 ... 
112 

113 
114 
115 
116 

117 
-

118 
119 

i20 
---

lji. 
1 2~ 

121 
124 
125 

-

126 
127 
128 
129 
130 
131 
132 
133 
134 

. -

135 
136 
137 
138 
139 

140 
141 

-

142 

143 

144 
145 -
146 

... 

147 

BOREHOLE LONGITUDE 
NUMBER AREA (X) 

Bl02305 A UbomOo 32.3558 
Bl02305 B Ubombo 32.3275 
Bl02305 C Ubombo 32.3472 
Bl02306 Ubombo 32.3264 

Bl02307 Ubombo 32.3325 
B102308 Ubombo 32.3636 

--

Bl02309 Ubombo 32.3819 

Bl02309 A Ubombo 32.3769 
.. 

Bl02310 Ubombo 32.3669 .. 
Bl02311 Ubombo 32.3658 
Bl02312 A Ubombo 32.3408 
B102313 Ubombo 32.2725 

Bl02314 Ubombo 32.2856 

B102317 Ubombo 32.4322 
Bl02318 Ubombo 32.4247 
Bl02319 A Ubombo 32.4247 
Bl02320 A Ubombo 32.3019 

Bl02320 B Ubombo 32.2975 
Bl02321 A Ubombo 32.3606 

Bl02322 A Ubombo 32.3056 

Bl03105 Hlabisa 32.1481 
Bl03105 A Hlabisa 32.1486 
Bl03106 Hlabisa 32.1419 
B103107 Hlabisa 32.1386 
Bl03108 Hlabisa 32.1628 
Bl03109 Hlabisa 32.1894 
Bl03110 Hlabisa 32.1658 
Bl03111 Hlabisa 32.1497 
Bl0311'2 Hlabisa 32.2003 
Bl03112A Hlabisa 32.1997 
Bl03112 B Hlabisa 32.2019 
Bl03113 Hlabisa 32.1919 
Bl03114 Hlabisa 32.2097 
Bl03114A Hlabisa 32.1981 
Bl03114 B Hlabisa 32.1875 
Bl03115 Hlabisa 32.2222 
Bl03116 Hlabisa 32.2244 
Bl03117 Hlabisa 32.2078 
Bl03118 Hlabisa 32.1997 ... 

Bl03118 A Hlabisa 32.1983 
Bl03118 B Hlabisa 32.1975 

B103119 Hlabisa 32.1806 
Bl03120 Hlabisa 32.2214 

Bl03121 Hlabisa 32.2219 

Bl03121 A Hlabisa 32.2222 

Bl03122 Hlabisa 32.2178 

Bl03123 Hlabisa 32.1925 

Bl03124 Hlabisa 32.1997 

Bl03125 Hlabisa 32.2294 

STATIC I DEPTH OF DEPTH OF 
WATER WATER WATER 

I LATITUDE BOREHOLE LEVEL . STRIKE 1 STRIKE 2 
(Y) DEPTH (m) (m.b.g.l) (m.b.gJ) (m.b.g.1) 

-

-27.6358 35 -999 .. -
-27.6044 28 -999 
-27.6042 35 -999 

·27.3306 49 43.441 -999 

-27.3197 47 43.62 -1 
---

-27.3111 38 36.34 -999 
-

-27.2969 46 36.51 -1 

-27.2981 44 -999 
. . . 

-27.2681 49 35.00 -1 

-27.2lj64 45 32.92 -1 

-27.2783 37 -999 

-27.2925 23 12.90 -1 

-27.2050 27 25.92 -1 

-27.3514 42 18.47 -1 

·27.3775 42 15.01 -1 

-27.3769 42 
I 

-999 
-27.5339 49 I. ·999 

-27.5158 47 I ·999 

·27.3667 42 -999 

·27.4203 37 -999 

-28.2714 152 4.95 56 
- -- - ----

-28.2711 80 ·999 
-28.2917 52 2.95 1 12 
·28.2733 52 3.80 39 
·28.2242 62 6.70 21 

-28.2611 82 17.00 67 \ 
'. 

-28.2053 152 10.00 , 134 

:2/l.2442 122 11.72 22 102 
-28.2442 62 8.00 35 
-2B.2489 102 -999 
-28.2497 102 -999 
-28.2439 62 7.50 211 
-28.2172 98 19.00 27 
-28.5389 104 -999 
-28.2222 104 -999 I 
·28.2181 50 7.30 15 41 
-28.2031 50 3.28 13 21 

-28.2003 56 2.00 9 21 
i8 

-

-28.1844 62 6.'10 
-28.1872 104 -999 
-28.1856 104 18.00 39 

-

-28.2353 62 8.12 49 
-28.1814 98 29:60

1 
46 86 

-28.1503 62 13.72 15 55 

·28.1517 80 ·999 

1-28.1675 62 7.90 9 50 

-28.1686 62 5.05 47 

-28.1778 62 6.90 (35 
-- -- - -

\2 
- ... -

-28.1644 50 4.34 

BH DATA BASE Page 5 

DEPTH OF BLOW PUMP 

I QUALITY] 
WATER TEST TEST 

STRIKE 3 YIELD YIELD 
(m.b.gJ) (115) (115) SURF,ACE LITHOLOGY I LITHOLOGY OF WATER STRIKE CLASS iAQUIFER TYPE 

0.00 Maputaland sand Maputaland sand/Zululand siltstone ; contact 
- ----

0.00 Maputaland sand Maputaland sand/Zululand siltstone contact 
0.00 Maputaland sand Maputaland sand/Zululand siltstone contact 
0.00 Maputaland sand Maputaland sand primary 
-1.00 0.03 Maputalandsand I Maputalandsand - . primary 

. .. 

0.00 
I 

MaPlJtaland sand .. Maputaland sand !primary 6:04 
. -

-1.00 Maputaland sand Maputaland sand/Zululand siltstone contact 
0.00 Maputaland sand Maputaland sand primary 
-1.00 0.04 Maputaland sand Maputaland sand/Zululand siltstone I contact 
-1.00 0.05 Maputaland sand Maputaland sand 2 pr,imary 
0.00 Maputaland sand Maputaland sand/Zululand siltstone contact 
·1.00 0.10 I Maputaland sand Maputaland sand/Zululand siltstone 3 

, 
contact 

------- ... 
-1.00 0.01 Maputaland sand Maputaland sand primary 
-1.00 0.03 I Maputaland 'sand Maputaland sand 3 primary 
-1.00 0.05 I Maputaland sand Maputaland sand 1 iPrimary 
0.00 Maputaland sand Maputaland sand I primary 
0.00 Maputaland sand I Maputaland palaeochannel ,primary 
0.00 Maputaland sand Maputaland sand/Zululand siltstone I contact \ 
0.00 Maputaland sand Maputaland sand/Zululand siltstone I contact " 

0.00 Maputaland'sand Maputaland sand/Zululand siltstone I contact 
0.10 0.11 I Karoo argillaceous Karoo argillaceous/dolerite 3 fractured 

, 
0.00 Karoo argillaceous dolerite I fractured 
0.66 0.18 Karoa sandstone ,secondary porous 3 Iprimary 
5.00 0.13 l.otaba basalt dolerite 3 fractured 

0.70 0.17 Letaba basalt dolerite 1 ! f!.acturod -

i Letaba basalt 0.60 0.11 dolerite 2 I (ractured 
0.40 0.10 Karoa sandstone dolerite 2 fractLl'red 
0.70 0.10 Karoa argillaceous IdOlerite 3 fracljired 
0.60 0.13 Letaba basalt dolerite 1 f'actured 
0.00 Letaba basalt IdOIOfite fractured 

0.00 I Letab~ basalt dolerite fractured 

1.90 9. 13 'I Letaba basalt dolerite 3 1 fractured 
0.30 0.16 ! Letaba basalt dolente 2 IfraC\Ured - --- ---

Idolerite 0.00 
f 

dolerite featureless 

0.00 
I 

; Karoo' sandstone [dolerite featureless 
10.00 0.13 Letaba basal! Ido,erite 2 ,fractured 
1.00 0.17 Letaba basait dolerite 3 ifractured -
0.50 0.17 Letaba basalt dolerite 2 fractured 

0.17 Karoa argillaceous/dolerite 1 ____ 
L5O Karoo argillaceous 2 secondary porous/featureless 
0.00 i Letaba basalt dolerite fractured 

0.08 0.00 Letaba basalt dolerite 1 fractured 
LOO 0.11 Karoo sandstone dolerite 2 ,fractured 
0.60 0.10 Letaba basalt ,dolerite • 2 jfractured 

.. 

I"""'" 
0.60 0.11 Letaba basalt 2 !fractured 
0.00 I Letaba basalt dolente I fra,ctured , 
6.00 0.11 retaba basalt dolerite , 2 fractured 

'" I '0.60 0.11 Karoa. sandstone .. (Olerite 

I 
2 I fractured 

0:'70 
- ---

0.13 Letaba basalt dolerite 1 fractured 
-----

1.00 
- - --- . -

secondary porous- -- --.-
0.18 I Letaba basalt ,dolerite 3 
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l£NGTHOF 
TRAVERSE 

LENGTH OFI 
TRAVERSE -

GEOPHYSICAL IdETHOD 1 GEOPHYSICAL METHOD21 

BH DATABASE 

Total Total 
! I I 

EC TDS hardness alkalinity Ca Mg Na CI 
METHOD 1 (m) .. _ _ METHOD 2 (m) pH (mS/m) (mg/l) (mg/l) (rTlglI) ._ 3mg/l) (m\lll) (mg/l) K(mgll) (mgil) 

SO, II NH3 1 NO, Fe 
(mg/l) (mg/l) (mg/l) F (mg/l) ! (mg/l' P(mgll) 

Si 
(mgll) 

99 geology 
100 . __ . __ __ geology 
101 __ ~ _____ geology 
102 ___ geology 
103 
104 
105 
106 
107 
108 
109 
110 

-------

geology .. 
__ \leology_ 

geology 
geology 
geology 
geology 
geology 
geology 

111 .. . _geology 
112__ _ ge()logy 
113 ____ _ ___ geology 
114_. _________ geology .. 
115 
116 
117 
118 
119 
120 

\i,! 
122 
123 
124-----

125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
14.6 
147 

--

___ !leology 
geology 

__ . geology 
geology 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

'EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

I· 

85 MAG 
85 MAG 

310 MAG 
180 MAG 
490 MAG 
210 MAG 
380 MAG 
260 MAG 
260 MAG 
160 MAG 
260 MAG 
260 MAG 
133 MAG 
133 MAG 
133 MAG 
360 MAG 
240 MAG 
450 MAG 
220 MAG - -
110 MAG 
110 MAG 
250 MAG 
170 MAG 
200 MAG 
200 MAG 
250 MAG 
400 MAG 
300 MAG 

- -

210 MAG 

85 
85 

310 
180 
480 
210 
380 
260 
260 
140 
260 
260 
133 
133 
133 
360 
240 
440 
200 
100 
100 
250 
170 
195 

7.6 

7.1 

6.5 
5.5 

7.8 

8 
8 
9 

8.4 
8 
8 

8.5 

7.7 
7 

7.9 
8.4 
8.7 
8.2 

8.4 
8.3 
8.3 

195

1 
250 8.3 

39~1' 8.3 120 8.3 
210 7.7 

151 

1096 

238 
82.2 

_. --

--

886 

6804 

1281 
575 

_._- - - - . 

I· 

51 20 212 210 

--- =- -~ -= -t -I-
I I 
1 

277 42 i 0.04 

I 
391 798 382 1069 66.4 34761_5251 0.05 

-- ---

159 246 24 
301 _. 53 23 

159 
54 

8.8 618. 30 1 0.04 
30 r 35 I 0.19 13.1 

--I'" -

4.44 

2.47 

0.48 
0.04 

0.3 ... 

0.1 

0.2 
0.2 

------1 

-I 
----I - ---1 I 

-I> II 
428 2740 

254 1644 
676 4105 
96 692 

138 948 
120. 8;34 -

- 287 1759' 

103.6 821 

550 2885 
126 742 

163 964 
150 1077 
151 895 
1"98 1122 

124.7 
144 
148 

959 
969 
987 

166 1059 
206 1074 

103.6 722 ' 
147 -1067 ~\ 

527 627 211 

75 580 30 
410 538 164 

29 
23 1 

17 
51 
23 

72 310 
57 ---- r32i -
42 

127 
57 

804 
55 

115 
107 
112 
77 

97 
100 
132 

130 
165 
92 

125 

_. -

I 

344 
504 
284 

23 
197 

261 

322 
22 

46 
257 43 
266 45 
242 31 

338 
251 
345 

332 
410 
242 
302 

. -

39 
40 
53 

52 
66 
37 
50 

i 
1061 14.1 9761 135i 0:3sl 533 

42 447 
169 1042 

2 3931 2211 0.04f 
14.7 1923, 134 0.361 

23 142 2 Bl.1 16' 0 .. 04 [ 
34 235 4.5 2511 9 0.05 
14 220 _ _ _ __ 3 149 8 .0.051 
4243 4

1
6
8
6

81

- 8 5331 37 0.16 
1011851 15 0.17 

1 : I 
9 

17 

35 
39 
32 
36 

37 
'29 
48 

739 , 
199 

91 14101 3671- 0.78 
51 236 91 0.15

1 

\ '1
1 

'1. I 
0.8 264 71 0.04

1 

210 
230 2.41 270 11 0.05 

~~~ _ ~:~ 1 !~~ 2! ~:~~ 

203 
232 
182 

218 
299 

2.81 24011 

6.41 323 
2.6 227! 

2.5 289i 
_ _ 4451 

12 0.15 
51 

211 

0.06 
om 

15
1 

0.05 
0.04 

0.04 

0.011 
o.osi 

51 
005

1 

0·~1 
6.77 1 

I 
o,o~i 

1 
18.96 1 

37.73
1 11.03, 

0.97 

2.66 
6.18 
7.37 

6.38 
0.01 

:48 
63 
29 
54 

148 
199 

3.7 164i 
2.5 273[ 

23~j 11 
5 

0.04 7.63, 
0.05 25.961 

Page 6 

0.8 

i 
0.5! 

O.~j 
0.2 
0.4 
0.4 
0.2 

i 
0.11 

0.21 
0.1 
1.2 

i 
0 .. 31 0.2 
0.2 

0.2

11

1 

0.3 
0.2 
0.2 

... 

1-----

0.014 

0.016 

0.009 
0.036 

12 16.4 

0.016! 
0.011 i 
0.02 1 

0.
025

1 
0.033 

0.022
1 

0.031

1 

17.6 
12.1 
26.5 
21.9 
38.2 

15.3 

~:~~~11~:~ 
0.0191 

0.
026

1' 0.022 
0.006 

1 

,I 

27.5 
26.6 

27 
10.2 

0.024 14.7 
O.OSB 14.8 
0.042 20.2 

0.023 26.6 
0.013 26.4 
0.011 26.3 
0.006 18.4 
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60REHOLE 
NUM6ER 

148 6103125 A 
149 6103126 
150 6103127 
151 6103128 
152 
153 
154 
155 
156 
157 
158 
(59 --

160 
161 
162 
163 
164 
165 
166 
167 
168 
169 

- "._--

6103129 
6103130 
6103131 
6103132 
6103133 

.. 6103133A 

-

6103134 
6202191 
6202192 
6202193 
6202194 
6202195 
6202196 
6202197 
6202198 A 
62021986 
6202198 C 
13202199 

170 6202200 
l'f:, 6202201 
172 6202202 
17a 6202203 
174 6202204 
175 6202205 
176 62022G6 
1 77 6202206 A 
178 6202207 
179 6202208 
180 6202209 
181 6202210 
182 6202211 
183 6202211 A 
184 6202212 
185 6202213 
186 6202214 
187 6202215 
188 6202216 
189 6202217 
190 6202218 
191 
192 
193 
194 
195 
196"- --

.---
6202219 
6202220 
6202221 
6202221 A 
6202222 
6202223 

AREA 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Hlabisa 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseloni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

STAnc 
WATER 

LONGITUDE LATITUDE 60REHOLE LEVEL 
(X) (Y) DEPTH (m) .. (m.b.g.1) 

32.2339 -28.1689 104 
32.2400 
32.2300 
32.2614 
32.1731 
32.1717 
32.2250 
32.1772 
32.2250 
32.2250 
32.2836 
31.4933 
31.4661 
31.4619 
31.4475 
31.4178 
31.4208 
31.4169 
31.4736 
31.4697 
31.4708 
31.4664 
31.4361 
31.4439 
31.4353 
31.4508 
31.4556 
31.5631 
31.5325 
31.5322 
31.5353 
31.5011 
31.5036 
31.4950 
31.5481 
31.5514 
31.5481 
31.5033 
31.5214 
31.4758 
31.5203 
31.3833 
31.4806 
31.5333 
31.5508 
31.5431 
31.5406 
31.5211 
31.5072 

-28.1458 
-28.1386 
-28.1511 
-28.1783 
-28.1589 
-28.2372 
-28.1992 
-28.2372 
-28.;;'372 
-28.1647 
-28.7242 
-28.7181 
-28.7478 
-28.7233 
-28.7111 
-28.7083 
-28.6917 
-28.6933 
-28.6889 
-28.6894 
-28.6864 
-28.6936 
-28.6861 
-28.6831 
-28.6736 
-28.6639 
-~8.61B3 
-26.6317 
-:0'8.6311 
-28.6400 
-286311 
-2B.6275 
-28.6150 
-2B.6294 
-28.6322 
-28.6297 
-28.6833 
-28.7103 
-28.6489 
-28.7022 
-28.5414 
-28.6736 
-28.6644 
-28.6742 

11-28.6892 
-28.6889 
-28.6811 
-28.6528 

152 
104 
62 
62 
62 
50 
62 
74 
110 
62 
126 
120 
108 
111 
117 
130 
64 
158 
158 
158 
92 
120 
B6 
121 
104 
104 
143 
144 
144 
120 
112 
120 
135 
121 
150 
49 
104 
61 
137 
37 
122 
104 
71 

121 
70 

150 
121 
151 

- , 

------

14.14 
8.50 
8.22 

25,15 
21.54 

4.11 
8.95 

14.03 

9.10 
37.57 
41.86 
47.70 
36.36 
55.60 
64.50 
29.92 

36.30 
23.64 
56.42 
37.54 
32.80 
49.60 
36.50 

127,00 

56.60 
58.50 
62.00 
60.58 
47.30 

26.06 
66_00 
18.BO 

- -

-

91.10 
17.20 
50.56 
81.20 
30.60 
68.80 
15.20 

25.30 
71.00 

6H DATA 6ASE 

DEPTH OFFjDEPTH OF DEPTH OF 
WATER WATER WATER 

STRIKE 1 STRIKE 2 STRIKE 3 
(m.b.g.1) _I (m.b.g.1) . (m.b.g.1) 

- ---

-999 
100 
60 
49 
33 
37 
15 
27 
51 

-999 
20 
45 

... 

81 
70 
82 
79 

112 
36 

-999 
----

-999 
-999 

36 
53 
38 
89 
79 

-

--- --

'. 

34 
56 

3B 

92 

---

72 _ __ 

63 

~ 

6LOW 
TEST 
YIELD 
__ (lis) 

--

0.00 
0.21 
0.14 
0.40 
0.90 
B.OO 
2.50 
4.00 
1.25 
0.00 
6.25 
0.10 
0.15 
0.30 
1.00 
0.70 
1.00 
3.00 
0.00 
0.00 
0.00 

PUMP I 
TEST 
YIELD ! 

I (lis) SU~FACE LITHOLOGY 

-_. 

Letaba basalt 
0.10 Letaba basalt 
0.11 Letaba basalt 
0.11 Letaba basalt 
0.15 Karoo argillaceous 
0.16 dolerite 
0.16 Letababasalt 
0.11 Karoo sandstone 
0.11 Letaba basalt 

Letaba basalt 
-- ii6a -- I Ma-pLijala.nd ~and 

~:l~ I~rp-
I 

0,50 jlng 
0.30 dolerite _ 

_ 0.20 lng 
2.00 __ lng 

__ lng 
NGS 
NGS 

1.30 I 
0.30 
0.40 
0.30 

0.30 
0.20 
0,50 
0.50 

_I~~S .. 
Zng 

0.50 0.50 lng 
,_ 74 .. _ 0,50 0.30 I

lng 

f~~~ 43 
120 
-999 

90 
62 
80 
51 
96 

-999 
34 
84 
31 

109 
28 
82 
61 
36 
87 
44 

-999 
69 
VB 

106 

I 

36 
93 

92 
42 

50 

125 

48 

.... 

0.30 0.20 
0.10 0.00 
0.00 
3.00 0.20 
0.50 9.10 
0.10 I 0.10 

0.15 I 0.10 
0.10 ~,1O 
0.00 
1.50 0.50 
0.20 _ .. 0.15 
B.OO 1.50 
0.75 2.50 

2.00 .. 
O.BO 
2.50 
0.50 
0.10 

rl'g)~~1 
0.15 

0.50 
0.75 
0.30 
0.50 
0.10 
0.25 

0.10 
0.10 
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NGS 
NGS' 

INGS 
NGS 
NGS 

, NGS 
NGS 
lng 

INGS 
lng 
NGS 
lng 
NGS 
NGS 
NGS 
NGS 
NGS 
NGS 
NGS 
NGS 

I 

I 
LITHOLOGY OF WATER STRIKE 

,dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
Letaba basalt 
Zd 
NMP granite 
Letaba basalVpegmatite 
Letaba basalt 
lng 
NGS 
NGS 

--

NGS 
NGS 

'Ii~~t 
NGS 

Iln g 
I lng/dolerite 
Zng 
NGS/shale 
Karoo argillaceous/doleritn 
NGS 
NGS 

I
NGS 
NGS 

,NGS 
NGS 
lng 
lng 
Zng 
NGS 
lng/dolerite 
NGS 
NGS 
NGS/dolerite 

Ir:~~. ; 
NGS 
NGS 

" I , ' 

r QUALITY I 
! CLASS IAQUIFER TYPE 

I 
fractured ___ _ 

2 fractured 

2 '1 fractured 
2 fractured 

----

1 fractured 
2 fractured 
2 fractured 
2 secondary porous 

fractured 

2 
o 
o 
a 
o 
o 
o 
o 

o 
a 
a 
a 
a 
a 
1 
o 
o 
a 
1 
o 
o 
3 
o 
o 
a 
1 
o 
a 
a 
a 
o 
o 
o 

a 
o 

Ifrflctured 

I
, fractured 
secondary porous 
secondary porous 
I secondary porous I contact -- _ 

I 
secondary porous -­
secondary porous 

I
'secondaryporous . 

featureless 

.j secondary por.olls 
secondary porous 
I fractured . 

I secondary por~us-­
I secondary p~rous 

Ilractured 
I.seco~dary porous 

!
conta'ct 

secl"'dary porous 
I contact • 

I 
contact 
fractured 

fractured 

!fractured 
fractured 
fractured 

featureless 
fractured 

I 
fractured --- .. 

secondary porous 
fractured 
contact 
secondary porous 
fractured 

I 
contact 
fr~ctured 

!fracturod 
I fractured 
I fractured _ __ 
ifractured 
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'" 

148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 

172 
171 
112 
l'h 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 

192 
193 
194 
19,5 
196 

---

LENGTH OF 
TRAVERSE 

LENGTH OF 
TRAVERSE -

GEOPHYSICAL tlETHOD 1 GEOPHYSICAL METHOD21 
METHOD 1 (m) METHOD 2 (m) 

EM 150 MAG 150 
EM 
EM 
EM 
EM 
EM 
EM 

none 

--

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

270 
280 
480 
270 

MAG 
MAG 
MAG 
MAG 

480 MAG 
170 MAG 

200 
200 
490 
800 
100 
600 
500 

- -

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

280 MAG 
400 MAG 
80 MAG 
200 - -- MAG 

860 
400 
1000 

MAG 
MAG 
MAG 

- -

MAG 100 
EM 

_Geology 
EM 
EM 
EM 

'EM 

-

-

-

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

200 

610 
200 
560 
300 

MAG 

MAG 
MAG 
MAG 
MAG 

300 MAG 
450 MAG 
1200 MAG 
660 MAG 
900 MAG 
500 MAG 
500 MAG 
1000 MAG 
940 MAG 
400 MAG 
400 MAG 
640 MAG 
400 MAG 
360 
800 
400 
460 
460 
320 
840 

MAG 
MAG 
MAG 
MAG • 
MAG 
MAG 
MAG 

270 
280 
480 
270 
470 
170 

200 
200 
490 
400 
100 
300 
500 
140 
200 

40 
200 
430 
200 
500 

200 

300 
100 
280 
150 
150 
340 
600 
330 
500 
300 
300 
500 
470 
200 
200 
320 
200 
180 
400 
200 
250 
240 
160 
460 

BH DATA BASE 

I 
EC I TDS 

pH (mS/m) _ (mgll) 

Total Total 1 I I I I I 
hardness alkalinity Ca Mg Na 1 1 CI SO, NH3 N03 I Fe 'I 1 Si 
_ (mg/l) (mgll) (mg/l) (mgll) (mg/l) 1 K (mg/l) I (mg/,l: (mg!l) (mg/l) (mgll) F (mg!l) i (mgm P (mg/l) (mg!l) 

8,6 188 1346 
8 155 965 

7.4 176 935 
7,3 

8 
8.2 
8.3 

8 
8,3 
82 
8.1 
8.5 
75 
7,8 
6,9 

7,5 
7A 
8.1 
7.1 
8,1 
7,9 
7.8 
72 

7,9 
5,6 
8.1 
7,6 

89.2 
99 

590 
737 

208 1370 
266 1504 

175 
21.8 

2~~j' 
21.9 
20.5 

-11.71 

14.1 

l1A 
18.2 
20.2 
17.1 
11.6 
195 
79.1 
12.2 

17.4 
28.7 
25.2 
28.7 

979 
176 
176 
300 
175 
164 
101 
94 

83 
151 
153 
124 
138 
lfO 
558 
69 

120 
213 
190 
201 

8 20A 140 
89 

463 
132 
312 
176 
115 

7,8 
8,2 

7 
8,1 

7J 
7.8 
7,9 
7,6 
6.9 

- ------

--
13 

6'12 
16,2 
462 

25 
17,8 
16,5 
29,5 
9,9 

110 
190 
59 

--

8.1 
7.1 

36.9 
24.8 

371 ' 
178 ' 

190 _ _ 442 76 65 244 61 383 21 0.11 2.59 0)1 I 0.017 15 
65 250 26 21 265 3.7, 304 17 0.D41 5.14 ___ 0.3 ! 0.005 9.3 

130 62 52 12 _ 266 3.11- 474 --28 0.04 5.35 0.4 I 0,0071 4 

1 ~~ ~~~ ;~ ;; ~ ~ ~ 2·0~ i ~ ~~ _ 1 ~_ ~:~: 1 ::~ - ~:~ I ~:~~~! ~~:; 
170 405 68 62 298 I 446

1 
20 0.04 0 0.2 0.019,' 26.4 

142 370_ 5_7 -67, 338 -16:l5-34
1

- 39

1 

.0.851 0.~61 ____ 0.2 _ 0.02112.3 

235 ---196 94 59 131 41- 2591 185i 0:041 1.4 0.2 0.012' 22,8 

81 3 3 36 5.9 121 15! i 0.06 0.6 0.037 4.3 

80 4 3 36 ___ 6i 121 31811 I 0.04 0,6 0.052 4.4 

102 

13.2 
201 

108 

118 16 6 49 17.61 291 1.19 1 0.047 1 2.9 

J) j ;1
1 

'llijit~f!E!; lEVl 
32 6 

- --- -: I 1 I i 
3 11 2,381 9;1 0.5'1 0:211 0.022 1- 9.6 
6 12 10_3 111 0.07 0.4 0,014 4,8 

78 9 9 13 7_3 11! 0,041 021 0.019, 8.4 
77 10 

53 5 3 _ 24 __ 3
1 

11 1 __ 10 I 0.65 0.3 i 0.121 I 18.1 
_ •• " 60 8 5 21321151' 11 - 0.05 03 [ 0.07 20,8 

59 4 2 33 2.5, 14 5 1.57 OA I 0.0361 23.1 
244 -46

i 
20 831 4i 88 20 1 0.04 OA 0.014; 19.9 

23 4 2 131 3711~1 6 ! 0.78 0.31 0.0261 9 

42 41 6 24 2.71 21: 10 0.51 0.61 0.2041 11.7 
97 31 6 20 f 3'1 151 20 0.04 0.31 0,028, 11.5 
82 22 4 19 7.6 161 11 1.93 0.31 0.061 5.3 

81 16 5 31 ,;B.~j 211 171 0.04 0.51 0.03[ 5.2 

23 i 2.9 17171 0.86 0.31 0.052 i 14.4 60 
27 

8 
2 

6 
2 

202 31 30 59 2.1 76 0.87 0.0141 11.7 
21 4.1 15 1122- __ I 0.' 00 .. 35-11 0.02, 5.3 

19 3.11 15 27 0.75i 0.51 0.17[ 18.6 
17 16 48 4.4, 42 9 0.1 - OAi O.OH

j

; 20.2 

22 51 _ 20, 2.8j 141 13 0.61 0.3
1 

0.021 14.7 

44 3 
143 

79 
44 --
52 ~~ - '_~'I- +;! ~:~I l~,i ~I 1~~ ~'~II °o06~!" ~~:: 
75 21 6

1 

2 __ 51'3.911, 24' 18i 0041 0:5 0.0541' 9.1 
=~'-9_ 211 --__ - 11 _3_._5_

1 
81 • il - 0:511 0.2 0.04; 11.7 

1~~ ~~ 1~1 ~~r -l~:~r ~;li~l- - 1~:~~1 0·{1~:~1~1 ~:: 
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197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
~ 
221 

2~. 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

241 
242 
243 
244 
245' 

BOREHOLE 
NUMBER 
B202224 
B202225 
B202226 
B202227 
B202228 
B202229 
B202229 A 
B202230 
B202231 
B202232 
B202232 A 
B202233 
B202234 A 
B202234 B 
B202235 A 
B202236 
B202236 A 
B202237 
B202238 
B202239 
B202246 
B202241 
B202242 
B202243 A 
B202244 
B202245 
8202246 
B202246 A 
8202247 
B202248 
B202249 
B202250 
8202251 
8202252 A 
82022528 
8202253 A 
B2022538 
B202254 A 
B202255 A 
B202256 
B202257 A 
B202257 B 
B202258 
B202259 A 
B202259 [3 

B202260 A 

AREA 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enselenl 

Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

B202260 B Enseleni 
8202261 Enseleni 
B202261A 'Enseleni 

LON,~~~UDE II' 

31.5500 
31.8775 
31.5006 
31.3364 
31.3225 
31.3228 
31.3242 
31.8250 
31.8206 
31.8414 
31.8392 
31.8297 
31.8514 
31.8489 
31.8692 
31.8425 
31.8431 
31:1928 
31.8458 
31.8108 
31.8233 
31.8108 
31.8281 
31.8061 
31.8153 
31.8556 
31.8431 
31.8431 
31.8203 
31.8272 
31.8392 
31.8333 
31.5453 
31.6411 
31.6403 
31.6292 
31.6267 
31.6267 
31.6283 
31.6333 
31.6411 
31.6389 
31.6239 
31.6553 
31.6572 
31.6628 
31.6603 
31.6642 
31.6681 

(Y) 

·28.6739 
·28.5456 
·28.6722 
·28.6289 
·28.6261 
·28.6225 
·28.6236 
·28.6006 
·28.5922 
·28.;>967 
-28.~967 
-28.5819 
-28.4508 
-28.4492 
-28.5733 
-28.5247 
-28.5217 
-28.4572 
-28.5083 
-28.5333 
-28.5314 
-28.5289 
-28.5231 
-28.5269 
-28.5483 
-28.5335 
-28.5533 
-28.5528 
-28.5583 
-28.4986 
-28.5069 
-28.5486 
-28.7078 
-28.4889 
-28.4875 
-28.4978 
-28.5067 
-28.5067 
-28.5158 
-28.5500 
-28.5211 
-28.5236 
-28.5447 
-28.5167 
-28.5161 
-28.5072 
-28.5081 
-28.5186 
-28.5194 

BOREHOLE 
DEPTH (m) 

121 
98 
121 
132 
72 

132 
158 
145 
110 
158 
54 
55 

152 
145 
120 
61 
32 
80 
100 
120 
72 
107 
96 
158 

82 
81 
149 
54 
81 
60 
108 
140 
80 
122 
144 
140 
153 
188 
150 
110, 

153 
153 
160 
150 
123 
130 
131 
153 
150 

STATIC 
WATER 
LEVEL 
(m.b.g.!) 

33.70 
15.40 
47.10 
22.06 
25.62 
29.69 

5.33 
13.32 
14.05 

3.35 

9.37 

38.40 
14.43 
12.10 
3.90 
5.40 

10.40 

11.00 
23.15 

6.45 

17.30 
17.80 
22.66 
22.96 
65.80 

83.20 

11.10 

112.90 

DEPTH OF DEPTH OF 

WATER I WATER 
STRIKE 1 STRIKE 2 
(m.b.g.l) I (m.b.g.!) 

51 91 
43 87 
61 101 
72 
43 
60 

-999 
29 
62 
88 

-999 
24 

-999' 
-999 
-999 

22 
-999 

94 
97 

41\ 

45 75 
49 

81 

~~I 77 
45 63 

-9991 
40 
40 , 
22 "li7 

-999 
31 41 
27 
48 
40 
71 

-999.

1 

-999 I. 
-999 

-9991 
-999 
-999 

89 
-999 
-999 
130 150 

-999 
-999 
-999 
-999 
132 __ 
-999 

BH DATA BASE 

DEPTH OF 
WATER 

STRIKE 3 
(m.b,g.!) 

BLOW 
TEST 
YIELD 

(lis) 
0.30 
0.30 
0.35 
0.80 
1.20 
0.30 
0.00 

I 0.15 

I
'. ~:~~ 

0.00 
L 0.50 
1 0.00 

I 0.00 

I. 0.00 
0.40 
0.00 
0.08 
0.30 
0040 
0.50 
0.50 
0.40 
0.00 
0.50 
0.50 
0.30 
0.00 
2.00 
0.30 
0.30 
0.30 
0.30 
0.00 
0.00 
0.00 
0.00 

'1 0.00 
.1 0.00 
I 0.20 

I 
0.00 

.' '0.00 

I' 0.50 

I 
0.00 

'. 0.00 . 0.00 

r 0.00 
0.30 

1 0.00 
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PUMP 
TEST 

I YIELD 
(liS). 
0.20 I

SUf,<F,ACE LITHOLOGY 
NGS 

-1.00 Ecca shale 

0.10 INGS 

LITHOLOGY OF WATER STRIK" 
NGS 
Ecca shale 
NGS 

1.00 NGS 
0.50 iNGS 

0.30 INGS 
,NGS 

0.15 IKaroo sandstone 

0.20 I K, aroo ,argillaceous. 
0.10 Karoo sandstone 

, , 

Karoo sandstone 
0040 Karoo argillaceous . 

I 
Ecca sandstone 
Ecca sandstone I Karoo sandstone 

0.50 I Karoo argillaceous 
I Karoo argillaceous 

-1.00 1 Ecca sandstone 

0.20 _I,Karoo argillaceous 
0.15 Karoe argiHaceous . 

0.30 IKar,oe ar,giliaCeOus 
0.30 Karoo argillaceous 

0.20 'I' Karoo argillaceous 
Ecca sandstone 

-1.00 Karoe argillaceous 

0.30 'I' Karoo argillaceous 
0.15 ,Karoo argillaceous 

-1.00 
0.20 
0.10 
-1.00 , 
0.20 

0.10 

0.20 

2.00 

: Karoa argillaceous 
I . 

I 
Ka~oo argillaceous 
Ecca shale 

I, Ecca: shale 

I
, Ecca shale 
NGS 

'NGS 
. iNGS 

1 Dwyka tillite. 
i Dwyka tillite" 
i Dwyka'tillite 

I

'DwYka tillite 
Dwyka tillite 
Dwyka tillite 

I
' Dwyka tillite 
Dwyka tillite 
'NGS 

INGS 
Dwyka tillite 
NGS 
Dwyka tillite 
Dw 'ka tillite' 

NGS 
NGS 
NGS 
Dwyka tillite 
Ecca sandstone 
Karoo argillaceous/dolerite 
Karoo sandstone 
dolerite 
Karoo argillaceous 

"-1' Ecca sandstone 
Ecca sandstone 
Kama sandstone 
Karoa argillaceous 
Karoo argillaceous/dolerite 
Ecca sandstone 

. "Karoo argillaceous 
Karoo argillaceous 
Karoo sandstone/shale 
Karoo argillaceous. 
Karoo sandstone/shale 
Ecca scmdstone 
Karoo argillaceous 

Idolerite 
Karoa argillaceous/dolerite 
Karoa argillaceous 
Karoo argillaceous/dolerite 
Ecca shale 
dolerite 

I
, coal/Ecca s~l-ale 
NGS 

I,NGS 
iNGS 

I dolerite/Dwyka tillite 

I 
Dwyka tillite/NGS 
Dwyka tillite 
Dwyka lillite/NGS 
NGS 
Dwyka tillite/NGS 

. Dwyka tillile/NGS 
NGS 
NGS 
NGS 
NGS 
NGS 
Dwyka tillite/NGS 
Dw ka tillite/NGS 

I 
QUALITY I 
CLASS AQUIFER TYPE 

o fractured 

3 Ifractured 
3 fractured 

o I fractured . 
o 1 secondary porous 

3 
3 
3 

2 

3 

3 
3 
3 
3 
3 
3 

3 
3 
3 

3 
2 
3 
3 

o 

I' fractured 
,secondary porous i fractured . 
'contact 

1 

fractured 

I 
f~atureless 

,fractured 
ifractured 

Ifracturod 

1 

secondary porous 
I fractured __ 

icontact .. 
ifractured 
j fractured. 

jfractured . 
icontact 

I fractured -
,contact 
! fractured 

,fractured 

j frac~red _. 
.contact 
!fra"ured" 
: contact 

Jtractured 
I fractured 

I contact 

I fractured 
[ featureless 
: fractured 
Jcontact 
icontact 
jfractured 
jcontact 
I fractured 

Ilcontact 
contact 

jfractured 

!
fractured 
fe,atureless 

(fractured 
1 fractured 
I contact 

contact 
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LENGTH OF LENGTH OF 
1 I ! I I I I I ! ! ffiAVERSE TRAVERSE· Total Total 

GEOPHYSICAL METHOD 1 GEOPHYSICAL METHOD21 EC TDS hardness alkalinity Ca Mg Na CI ' S04 'NH, NO, i Fe I Si 
METHOD 1 (m) METHOD 2 (m) pH (mS/m) (mg/l) (mg/l) (mg/l) (mgll) (mg/l) (mg/l) _"""m I '''''' ,m,m I ,m,m ,m,,,'I" , m,m I ,,,"" e)m,m I 'm,m 

197 
-

EM 600 MAG 300 7.3 9.9 61 17 2 2 12 3.8 12 7 0.07 0.2 0.041 7.6 
180 "29.8 

- --

198 MAG 140 8.1 788 5069 900 650 64 1440 2384 177 0.04 0.8 0.021 3.9 
--- - -. --- ---

650 180 29.8 
----

199 EM 360 MAG 180 8.1 788 5069 900 64 1440 2384 177 0.04 0.8 0.021 3.9 
-- - .- --- --- . - --- - .. - ---- ..... -

200 EM 800 MAG 400 7.6 13.8 86 15.7 28 3 2 15 4.5 12 6 L51 0.5 0.024 5.4 
---- ----- - ... 1'--'-' ----- ---

37 
.. -

3 2.2 '6 
_. 

0.038 1 201 EM 200 MAG 250 7.4 10.8 75 3 9 4 0.36 0.4 15.7 
---- - - .- -- --- - - -- ._. -- --- . - - ----

202 EM 400 MAG 200 I 

., 

--- - - . - .. - ---.---.- - _.- ..... , ... I 203 EM 170 MAG 200 
--- -

, 
--- - ------

-"587 
0.054 1 204 MAG 200 7.8 3735 662 409 97 102 1044 35 1916 43 0.04 0.7 3.7 

- -

650 50 4.8 
.- . 

205 MAG 400 8 237 1733 340 54 400 400 31 <0.04 1.3 0:013
1 

15.9 
- - I _. I 

206 MAG 135 ~ 8.1 264 1921 371 628 43 64 498 12.2 511 35 <0.04 1.7 0.023 12.8 _. - -- -- - ... .. 

0.011 
207 MAG 135 

----- .-

208 MAG 300 7.7 237 1685 604 74 58 357 l 421 33 0.04 1.3 13.5 
- - ._------. ---- . ... --- - --- .---- .. 

j 209 EM 400 MAG 200 
- - ---- ---._- --- .. - I , .. ------. - _ .. ----- -. - ,. 

210 EM 400 MAG 200 
- - ---- -- ---- -._ .. ----- - - - 1 l- i -----

211 - ----
Geology 

- ---- ----- - i 
1.41 0.03 1 212 EM 300 MAG 150 8.1 493 3416 654 750 71 116 906 14.7 1330

1 

::1 -:::1 
11.2 

213 EM 300 MAG 150 
9581 

I , i - _. 
-29.8 2014[ 

-, 
214 EM 680 MAG 340 8 678 4066 535 70 247 0.21 0.005i 8.5 _. 

100 1 
_ . 

1496

1 

4.11 _ 215 EM 200 MAG 8.3 464 2831 167 217 34 20 971 6.3 34 0:04

1 

0.018 i 9.2 
- .-

216 EM 600 MAG 300 8.1 410 2508 319 35 15 847 14.2 1196 '9 0.07 18
1 

0.
019

1 
5.2 . ---

217 EM 600 MAG 300 7.1 582 3684 893 587 114 148 927 25 1673 80 0.181 1.5 0.044 7.5 
218 EM 800 MAG 400 7.6 554 3547 433 46 126 1012 8.06 1700

1 

32.5 0.16 11 0.05, 4.3 
- _. 

0.016
1 i~ EM 600 MAG 300 8.1 563 3331 432 500 61 68 982 25.3 1531 50 0.06 

2.11 
6.8 

EM 400 MAG 200 
----- -_.- - ---

10:2113581 
. I 

221 EM 500 MAG 250 8.2 449 2805 205 345 49 20 939 4 . ..0.07, 4.2 0.024, 5.1 
.. - I 

-,,' 251 
_ . -

0.024i 222 EM 600 MAG 300 8.1 427 2507 257 60 26 802 11.9

1

1286 13 0.041 0.8, 3.8 
22:3' 

----

11 
EM 160 MAG 80 8.2 381 27,70 766 87 70 683 10.7 885 77 4.92[ 0.01

1 
7.3 

224 EM 160 MAG 80 
, 

225 'EM 600 MAG .. 300 8.3 743 4611 954 623 130 153 1239
1 

22.1 i 2176 131 0.06 0.O13! 8.6 
004

1 

0.7
1 226 EM 600 MAG 300 8.3 162 1201 238 485 26 42 270 13.14 227 30' 0.7, 

0.
04

1 
5.5 

227 EM 240 MAG 120 8.2 504 3224 643 640 63 118 824 20.2 1310 85 1 5.081 0.8! 0.02 4.2 
228 EM 640 MAG 320 8 760 4762 1242 393 122 228 1222 -,119.8 2444\ 

'::1 
0.05 0.5 0.02 3.5 

- ._-

229 Geology 7.9 73.1 504 198.65 222 45 21 70 3.6 721 0.04 0.3[ 0.018 4.8 
230 EM 300 MAG 150 

f' 
, 

1 231 EM 300 MAG 150 t_ ~. -. -

I 
1 

232 EM 500 MAG 250 
---- - 1 .. - ----- -- . - - - .. 

233 EM 500 MAG 250 

I i . ---- ---- ---- --- - -- - -- ---- - . 

J 234 EM 1100 MAG 550 
I - .- I .-

235 EM 400 MAG 200 , 
0.012! 

-. ----- -----

500' 
-- --- ---- ------- .- --

I·· 126' 
0.4! 

236 EM 1000 MAG 8.1 71.6 513 185 20 27 96 5.3 0.11 3.6 
.-

237 
----

EM 580 MAG 290 
. _. 1i 

.. - --- , .. 

I 'I 238 EM 580 MAG 290 
" ---.- - --. - - -. - .. - - -.--"- .. - ---

"'55:4 
-- -- - -

155 22 '16 28 
- -

-O.2[ 
. 1 239 EM 700 MAG 350 8 354 53 49 7.9 0.3 0.05, 6.4 

-. ... -" ---- ---- ---

I 
.-

240 EM 400 MAG 200 i 
.. --- - .- ----- ----- _. 

-' 

I I 
241 EM 400 MAG 200 

f- - --- -- .- - . - -
242 EM 1000 MAG i 500 

.. ,·1,,,1 I 243 EM 400 MAG 200 
--i8 ' 16

1 

0'.006
1 

244 
... -

MAG 129 919 
------

312 37 161 0.61 EM 400 200 8 I 1 , - - ---- .. -
245 EM 600 MAG 300 

" 
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I 
STATIC DEPTH OF DEPTH OF DEPTH OF BLOW PUMP 

I 
I 

I WATER WATER WATER WATER TEST TEST I 

BOREHOLE LONGITUDE LATITUDE BOREHOLE LEVEL STRIKE 1 STRIKE 2 STRIKE 3 YIELD YIELD QUALITYi 
NUMBER AREA (X) (Y) DEPTH (m) (m.b.g.!) (m.b.g.l) (m.b.g.!) (m.b.g.!) (I/s) (I/s) SU~FACE LITHOLOGY LITHOLOGY OF WATER STRIKE CLASS AQUIFER TYPE 

246 B202262 Enseleni 31.7667 ·28.4658 44 10.72 20 22 27 2.60 ·1.00 Ecca sandstone Ecca sandstone 3 I fractured 

247 B202263 .... Enseleni 31.6875 ·28.5272 101 18.00 50 51 0.40 0.15 Dwyka tillite I Dwyka tillite/shale 2 
, 
[contact ------ - -

248 8202264 A Enseleni 31.6986 ·28.5231 151 ·999 0.00 Dwyka tillite Dwyka tillite fractured 
-- ----" .-

249 B202264 B Enseleni 31.6992 ·28.5231 120 ·999 -I 
0.00 Ecca shale I Dwyka tillite feature.less 

.- - _. - - .. - ------ ._ .. ---

250 8202265 Enseleni 31.7003 ·28.4925 140 21.60 108 5.00 2.00 Dwyka tillite Dwyka tillite/NGS 2 contact 
---- - -

jDWyka Wlite _~ -
-

251 8202266 Enseleni 31.7178 ·28.4778 81 7.75 21 0.70 0.50 Dwyka tillite. _ 2 Ifractured _. - -- .- -
252 8202267 Enseleni 31.7042 ·28.4792 81 42.40 66 0.22._ 0.15 jDwykatiliite ,Dwyka tillite/NGS 3 contact _. .-

8202268 ;,..-
- __ I Dwyka tillite/NGS 253 Enseleni 31.6972 ·28.4600 150 ,- -999 

-_. 
0.00 Dwyka tillite contact 

-- . --- -----

254 
-

8202268 B Enseleni 31.6958 ·28.4597 150 ·999 0.00 Dwyka tillite _I ~~<. "";,,mG' . I contact 
- -

.28.~478 
- . -.-- - .. -

[fractured 
-

255 8202269 Enseleni 31.6939 151 91.40 139 0.50 0.60 NGS 2 

256 
----

8202269 A -1.28.4486 ·999 0.00 Dwyka tillite 
- _. 

Dwyka tillite/NGS jcontact 
-----

Enseleni 31.6944 151 
.... "--- -- -. - , 

257 8202270 A Enseleni 31.6764 ·28.4458 150 ·999 0.00 NGS NGS '-1 featureless 
- -- - --

258 8202271 A Enseleni 31.6483 ·28.4667 150 ·999 0.00 INGS 'NGS fractured 

259 8202272 Enseleni 31.6958 ·28.4778 150 60.30 127 0.30 0.10 iDWYka tiilite i Dwyka tillite 2 Ifractured 
260 

--

B202273A ·28.5492 ·999 0.00 Dwyka tillite ,Dwyka tillite/NGS Enseleni 31.6697 151 1 contact 

261 8202274 ·28.5578 30.84 50 
- -

.J 
0.20 0.10 ! ()wyka tillite jDwYka tillite [fractured Enseleni 31.6622 68 2 

262 8202275 Enseleni 31.6739 ·28.5619 90 42.59 68 
1 . 

0.14 0.10 I Dwyka tillite Dwyka tillite 2 Ifractured 
263 8202275 A Enseleni 31.6744 ·28.5619 120 ·999 0.00 Dwyka tillite I Dwyka tillite/dolerite contact : 

- -

22.20' 
---- ---- --

Ifractured --
-

264 8202276 Enseleni 31.6903 ·28.5572 60 40 50 2.30 0.30 \Dwyka tillite NGS 2 
-. . -

265 8202277 Enseleni 31.6847 ·28.5694 130 23.00' 92 
1 

0.10 _0,10 I Dwyka tillite I Dwyka tillite - 2 ,fractured 

266 B202278- Enseleni 31.6642 ·28.5703 179 77.45 5\_ 0.10 I Dwyka tillite Dwyka tillite 2 I fractured 
-1t-l, 

- -

8202279 
- .-

; Dwyka tillite [contact 267 Enseleni 31.6711 -28.5800 134 36.19 53 74 0.12 0,10 Dwyka tillite/dolerite 1 

268 8202279 A Enseleni 31.6717 ·28,5806 128 -9991 0.00 Dwyka tillite 
,. -

Dwyka tillite I featureless 

~ 82022798 Enseleni 31,6706 ·28.5814 62 -999 0,00 Dwyka tillite Dwyka tillite \ featureless 
--

I 
-- ._-

270 8202280 A Enseleni 31,6783 -28.5931 132 ·999 0.00 Dwyka tillite Dwyka tillite ratureless -- - . 

2~1. 82022808 Enseleni 31.6792 ·28.5908 130 -999 \ 0.00 Dwyka tillite Dwyka tillite fractured 
" 272 8202281 Enseleni 31.6803 ·28.5994 62 40.00 50 0.75 0.50 ,Dwyka tillite Dwyka tillite 2 fractiJred 

---

·28.6156 
,. -_. 

j Dwyka tillite 
-

273 8202282 Enseleni 31.6744 92 62.40 81 0.75 0.15 ,Dwyka tillite 1 Ifra~ured 
-

·28.6278 
-

1.30 274 8202283 Enseleni 31.6611 126 94.60 110 4.00 Dwyka tillite I Dwyka tillite 1 I fractured 

275 8202283 A Enseleni 31.6606 ·28.6283 121 ·999 0.00 Dwyka tillite dolerite I featureless 
276 8202284 Enseleni 31.6386 ·28.6169 150 84.56 110 0.02 0.10 'IDwyka tillite ,Dwyka tillite 0 ,fractured , 
277 8202285 Enseleni 31.6442 ·28.6481 151 96.95 139 0.10 0.10 I Dwyka tillite jNGS 1 Ifractured I 
278 8202286 Enseleni 31.6439 ·28.6589 86 58.00 52 67 0.10 0.10 Dwyka tillite Dwyka tillite 1 fractured 
279 8202287 Enseleni 31.6539 ·28.6375 101 43.70 74 76 1.20 0.70 I Dwyka tillite I Dwyka tllli~e 1 fractured 

f I Karoo argillaceous 280 8202288 Enselen! 31.6478 ·28.6764 130 81.20 90 • 1.81 fOO , I Karou sandstone/shale 3 I contact 
281 8202289 Enseleni 31.6553 ·28.6628 120 36.40 74 0.06 ·1.00 Karoo argill~~ceous Karoo argillaceous 3 fractured 
282 

-
8202290 Enseleni 31.6431 ·28.6972 145 69.00 57 79 0.10 -1.00 : Karoo argillaceous I Karoo argillaceous/dolerite 3 jcontact 

283 8202291 Enseleni 31.6353 -28.6964 50 22.60 25 0.22 0.20 I Karoo argillaceous I Karoo argillaceous/dolerite 3 contact 
- . --

284 B202292 Enseleni 31.6153 -28.6592 138 60.00 99 0.30 0.20 dolerite I dolerite/Ecca sandstone 3 contact 
285 8202293 Enseleni 31.6042 ·28.6558 145 ' 130.30 118 126 0.10 -1.00 NGS dolerite 2 fractured 

-

286 
- --

8202294 Enseleni 31.6044 ·28.6492 145 59.90 125 0.10 0.10 ,NGS INGS 'I 3 fractured 
287 8202295 Enseleni 31.5422 ·28.6678 160 36.50 150 0.26 0.20 jNGS~ jNGs/shale 2 contact 
288 8202296 Enseleni 31.5500 ·28.6578 101 38.85 40 0.10 0.10 NGS .NGS 0 fractured 

- --

- -

38

1 i
NGS 289 8202297 Enseleni 31.5675 -28.6528 62 35.90 0.30 0.20 NGS 0 fractured 

-

290 8202298 Enseleni 31.5792 -28.6400 153 125.00 84 
... 

0.10 0.00 INGS NGS 1 fractured 

291 8202299 A Enseleni 31.5889 ·28.6297 145 :999 0.00 NGS NGS fractured 
.-

292 
-- - - ~ 

82022998 iNGS Enseleni 31.5864 -28.6300 145 ·g99 0.00 

i
NGS fractured 

293 
----

31.59Hl 
. -

·~99 
- - - -

ClOO INGS 
_. -

---- ... 
8202300 A Enseleni -28.6172 145 

i
NGS fractured 

. - -- --
Ifractured 

-- '"---- ----

294 B202301 Enseleni 31.6000 ·28.6100 74 27.45 '66 6.60 3.00 ,NGS NGS 3 
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\<' 

LENGTH OF LENGTH OF I . 
I ffiAVERSE TRAVERSE- Total Total . I 

GEOPHYSICAL METHOD 1 GEOPHYSICAL METHOD21 EC TDS hardness alkalinity Ca Mg Na CI SO. NH3 N03i : Fe Si 

- -- -
METHOD 1 (m) METHOD 2 (m) pH (mS/m) (mg/l) (mil/O _ (mg/l) (mg/l) (mg/l) (mg/l) K(mg/l) (mQII) (mg/l~ (mgll) lim9~) F (mgll) 1 (mgll) P(mg/l) (mgll) 

246 EM 400 MAG 200 8.1 653 4262 ----735 89 1 156 1145 17.6 1780 177 0.04l 0.9 0.026 12.5 
247 

--

EM 
---

MAG 650 7.7 1209 341 68 226 5.1 405 Hil 
----

2.71 0.7 0.026 1300 186 
-

59 
248 EM 200 MAG 100 

1 249 EM 200 MAG 100 
250 EM 1200 MAG 600 8.2 211 1577 468 59 65 348 3.9 494

1 
34 0.19 ~I- 0.0121 11.2 - --

8.4 1558 484 39 54 362 
-

9.8 41 
---. 

1.47 0.092] 251 EM 1200 MAG 600 226 455 10.3 . --, - --- :--
MAG-

------ -~"- -
252 EM 240 120 7.1 564 3612 483 120 264 713 4.16 1700

1 
46.4 12.4 1.2 _ 0.05 1 12.8 

-- - _.---. -- --- --- --". I t-- -- -- -- ---- -- -- 1--------
253 EM 400 MAG 200 f--- ----- - -- .--- --- "--- -- - - - ---". -- --"-- "-

-j 
---_. - -

0:0151 
254 EM 500 MAG 250 

--._----- - -- i ----- -- ------ _." - -- --- -- - -
255 EM 300 MAG 150 7.9 258 1806 539 113 68 360 5.1 563 30 1.91 0.6 13.9 
-- .. -- .--- - -

MAG -. ----- -- ._----- --.- -- -----
I 256 EM 300 150 

I - --
257 -------- EM 400 MAG 200 

-- I I __ I 
1 

----- I -
258 EM 800 MAG 400 - -- 2L31 

I 
251 0.91 

-- ---

306 1 259 EM 600 MAG 300 8.3 152 975 269 29 26 232 1.63 0_017 1 2 -- ----- -- - - -- -- -- I -I 260 EM 500 MAG 250 1 , , 
------." .-' ----

~~:l 
18 t --- 1.6j - - 0.61 

-

261 EM 800 MAG 400 8.1 119 845 301 53 39 151 3.3 0.017 6.1 
262 

--- --- ---

860 308 72 40.8 148. 3.92 172/ EM 200 MAG 100 7.4 134 1.91 0.6 i 0.05 9.6 
----. - -- _._- --- 1 - - i --- ---

263 EM 200 MAG 100 

I 1 
271 7.75 1 061 264 EM 800 MAG 400 8 159 1154 327 99 52 197 3.3 343' 0.018 8.2 

-

198 _ 19.61--216 
-- , 

265 EM 1000 MAG 500 8.3 120 . 780 246 20 11 121 0.12 11 0.043 1 1.9 
266 EM 1000 MAG 500 7.8 127 815 285 52 28.8 183 3.9 215 18.1r 11.4 

=;~f 
0.05 7.1 ._--. - 1- --- MAG -- --- ---

___ -i64~ 6-_144, 0.0231 267 EM- -- 700 350 8.5 106 711 243 21 23 49 1.43 1.2 
."--.- -- - ---." --- ------ - .. _--- --- - - 1-?68 EM 340 MAG 170 

I 11 
~f\l! EM 340 MAG 170 I I 270 EM 500 MAG 250 

-- - -- - I I 
I 

0.71 

- ---- - --

-"'I " -",f --1-211 
--- . EM 500 MAG 250 

- "~86 - - --

13/ 
212~ - EM 800 MAG 400 8.1 169 1091 77 49 2.37 1 0.039, 9.2 -

472 
- --- -" --- -

273 EM 460 MAG 230 8.1 65.5 180 21 18 91 6.9 97

1 1~1 0.31 1.21 0.034
1 

1.6 
- -

274 EM 300 MAG .. 150 8.4 68.7 509 208 32 28 80 3 105 
0.

73
1 

0.7 1 0.021, 10.7 
275 EM 300 MAG 150 , 1 

-- ----

421 5'li -
0.111 b051 276 EM 800 MAG 400 6.8 26.1 167 40 6 6 28.6 3.42 0.85 1 15 

277 EM 800 MAG 400 8.2 90.7 641 245 215 29 42 108 5.8 169

1 

0.04

1 

0.91 0.013 1 3.1 
278 EM 400 MAG 200 8.1 83.8 572 176 29 25 120 

r 
3.1 175 

:1 
0.56 0.81 3.2 0.007

1 
279 EM 640 MAG 320 8.3 90.7 657 218 40 35 115 3 185 1.52 0.8, 0.029 9.4 
280 EM 800 MAG 400 7.8 3350 2301 .389 127 134 1 __ 441 

\. 
14." 1051_1 54 

0.
08 1 0.41 

!&o~"1 
10.5 

t 1 281 EM 480 MAG 240 7.1 1155 7394 2500 320 416 350 3499, 102 0_2 , 7.6 
"I uI 282 MAG 200 7.9 714 4854 614 257 175 1154 22.3 2229 26(l1 °ol~1 

0.02 14.1 
283 MAG 200 8.5 408 2454 400 87 73 634 58 1042 72, 0.81 0.041 5.9 
284 EM 520 MAG 260 7.9 375 2388 554 182 96 425 7.5 809 55' 31.29 0.51 0.0351 18.3 

- -- - ---
31

1 
0.81 0,011 [ 285 EM 340 MAG 170' 8.1 151 1135 404 112 39 159 4 215 18.49 14.7 

286 8.1 1- 1535 253 103 79 300 14.6 
-

640 
-- j-

EM 420 MAG 260 281 87 0.04 1.2 0.0291 9.3 

" . 

287 EM 800 MAG 400 ,_ 8.3 33.6 
1

286 - 144 10 4 61 3.3 11 18 0.05 3 0.011 ' 2.2 
23.8 

----

12 22 6.5 
---

288 EM 1200 MAG 600 7.8 157 66 '4 22
1 

__ - 8 0.3 0.5 0.047 10.2 ---
289 EM 480 MAG 240 8.2 30 204 90 16 5 33 2.7 30 5 0.4 0.3 0.017 15.6 
290 EM 800 MAG 400 7.5 94.9 607 298 58 14.4 122 2.96 106 11.1 0.73 0.46 0.05 17.2 

- --". -_ ... ---- . -- 1 -- I I 291 EM 500 MAG 250 

I I 
'.-.1.- i 292 EM 500 MAG 250 

- ... ,,- 1--- I 
0.007117.9 

293 EM 1200 MAG 600 , 
- - "----- -

11991 0.21 294 EM 600 MAG 300 7.6 438 2449 , 243 186 101 534 10.6 121 ·0.06 
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295 
296 
297 
298 

BOREHOLE 
NUMBER 
8202301 A 

.... 8202302 
8202303 
8202304 

299 8202304 A 
300 8202305 
301 8202306 A 
302 8202306 C 
303 82023068 
304 8202307 
305 8202308 A 
306 8202308 8 
307 
308 

8202309 
8202310 A 

309 8202311 A 
310 8202311 B 
311 8202312 
312 8202313 
313 8202314 

- -

314 8202315 
315 

31Q 
329 
321 

. "- -- ---

--~-

322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 

8202316 
8202317 
8202317 A 
8202318 
8202319 
8202320 
8202321 A 
8202322 A 
8202322 B . 
[3202323 
8202324 
8202325 
8202326 A 
8202327 
8202328 A 
82023288 
8202329 
8202330 
B202331 
B202332 
8202333 
B202334 

337 8202335 
-

338 B202336 
339 8202337 
340 B202338 
341 
342 
343'-- ---

8202339 
8202340 
8202341 

AREA 
Enseleni 
Enseleni 
Enseieni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

, Enseleni 
Enseleni 

LONGITUDE LATITUDE BOREHOLE 

-

(X) (Y) DEPTH (m) 
31.6000 -28.6097 150 
31.5750 -28.6139 133 
31.6069 -28.5969 150 
31.6197 
31.6206 
31.9731 
31.6175 
31.6192 
31.6211 
31.6000 
31.5986 
31.6019 
31.6000 
31.5953 
31.6039 
31.5986 
31.6072 
31.5881 
31.5467 
31.5567 
31.5542 
31.5456 
31.5414 
31.7606 
31.5092 
32.0506 
31.S011 
31.4947 
31.4942 
32.2778 
31.5525 
31.5597 
31.5431 
31.5361 
31.5383 
31.5397 
31.5258 
31.5050 
31.5119 
31.9511 
31.9494 
31.9411 
31.9450 
31.9422 
32.2950 
32.0056 
31.9928 
31.9919 
31.9894 

-28.5756 
-28.5747 
-28.5725 
-28.5517 
-28.5533 
-28.5542 
-28.5~14 

-28.5756 
-28.5792 
-28.5033 
-28.5214 
-28.5181 
-28.5181 
-28.4767 
-28.4972 
-28.6042 
-28.5833 
-28.5661 
-28.5547 
-28.5561 
-28.4753 
-28.5550 
-28.4328 
-28.5603 
-2/l.5686 
-28.5681 
-2B.~203 

-28.5264 
-28.4814 
-28.4819 
-28.4961 
-28.4767 
-28.4750 
-28.4878 
-28.4944 
-28.5131 
-28.6597 
-28.6619 
-28.5883 
-28.5950 
-28.6058 
-28.5528 

1-28.4458 
-28.4364 
-28.4967 
-28.4875 

-103 

150 
111 
116 
144 
144 
89 
145 
150 
100 
113 
150 
144 
168 
80 
149 
100 
123 
125 
130 
68 
130 
43 

~~~ ... 

151 
35 
118 
80 
150 
185 
151 
144 
159 
151 
160 
39 

~~~ .. 

60 
70 
48 
61 
130 
108 
54 

BH DATA8ASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 8LOW PUMP 'I I 
WATER WATER WATER WATER TEST TEST 
LEVEL STRIKE 1 STRIKE 2 STRIKE 3 YIELD YIELD I 

(m.b.g.1) (m.b.gJ) (m.b.gJ) (m.b.gJ) (1/5) (lIs) I SURfACE LITHOLOGY : LITHOLOGY OF WATER STRIKE 
-999 r --0.00 NGS . 1 NGS 

59.30 
65.80 
28.70 

55.40 

112 I 0.30 0.15 INGS .. NGS -

97 i _. 0.10 0.10 Ecca sandstone I Ecca. Sandston.e/Shale ... 
34 79 _I 0.03 -1.00 Dwyka tillite Dwyka tillite 

-999 _ 0.00 _ __ _ Dwyka tillite Dwyka tiliite/NGS -

67 87 101 ,4.00 1.60 I Dwyka tillite J NGS . 
-999 - I 0.00 Dwyka tillite I Dwyka tiliite/NGS 
-999 _ I 0.00 1 Dwyka tillite I Dwyka tiliite/NGS 
-999 0.00 I Dwyka tillite INGS 

72.00 --~~~ _ -I ~:~~ 0.10 I ~~~ka tillite I ~~~ka tillite/NGS 

-999 r 0.00 IDwYkatiliite _ IDwYka iillite/NGS 
52.50 ... ______ 89 91 _1,- 0.50 0.50, Dwyka tillite . Dwyka t,lIite _ 

-999 I 0.00 _[D.WY. ka.tillite iDwyka tiliite/NGS 

146.10 
35.00 

112.60 
37.60 . 

87.00 
57.20 

Hi.so 
41.80 
19.50 

20.60 
47.80 
43.40 

51.12 

86.40 
82.00 

12iDO 
26.20 
13.35 
19.95 
4.70 

_.-

15.40 
2.80 
7.30 

19.50 
43.60 
31.60 

-·999 - ----- - l 0.00 Dwy_~a tillite _ D~y_~a tjllite/NGS __ 

:999 i 0 00 _ Dwyka tillite Dwyka tillite. 
- -145 __ _ - O:OS- o.cio Dwykatillite Dwyka tHlite/NGS 

40 ___ SO _ 0.06 0.10 Dwyka tillite Dwyka tillite 
61 0.10 0.00 NGS NGS/Zgn 
76 - -0.08 0.10 NGS II NGS 
31--80 - I 0.08 0.10 NGS NGS 

66 __ _ -I 0.60 0.10 NGS NGS 

-999 I 0.00 I NGS I NGS 
19 25· . 60~ 0.20 0.15 Ecca sandstone ,Ecca sandstone 

- -'02 __ - ---- - . _ 0.25 0.20 I'NGS IZng 

27 ,36 _ __ _ __ t. 3.90 0.50 Letababasalt - - 'ILetababasalt 

-999 0.00 _jN .. GS NGS 
-999 - . -- . I 0.00 NGS .NGS 

-999 I 0.00 NGS : NGS 
15 I 1.1 0 O.CO Maputaland sand I Maputaland sand 
94 0.80 2.00 NGS : I NGS 
64 65 '1 2.90 9.50 Dwyka tillite I NGS 

-~~: 137 1581 ~:~~ f· 30 ~~~ka tHlite II ~~~ 
~ I I ~ .~ ,~ ~ 

-999 I 0.00 INGS NGS 
137 1.80 0.50 - Dwyka tiillte; 1 NGS/dolerite 
64 129 __ 139 0.40 0.20 Dwyka tillite INGS 

140 0.70 0.75 i NGS ... NGS 

~~ 11 0 ~:!~~: ~ ~ I ~aputaland sand ~aputaland sand/Zululand S~ltstone 

46 ___ 0.10 0.10 I Letaba basalt Letaba basalt 

11 35 'I.' 0.30 0.20 _I Letababasalt Letaba basalt 
38 54 0.80 0.30 Letaba basalt Letaba basalt 

- 15 - ~ 0.30 0.20 I Mapu·taland sand 'I Maputaland sand 

20 45 I.~._.: .. O
2 

.. 3
0
0
0 

0.15 Letaba basalt Letaba basalt 

1~~ - I o12o-6"~~i ~;:Jas:~::lione I' ~:;:~as:~::I~one/shale 
~O 46 ! 0.60 ·-ojoILeiaba basalt -- Letaba basalt 
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, 

QUALITY! 
CLASS ,AQUIFER TYPE 

I 
fractured 

3 fractured 
2 I contact 

3 I' fractured 
contact 

o 

2 

I

frac1ured 
contact 
contact , 

I

'.feature. less ._ 
fractured 
contact 
,contact 
I fractured 
!contact 
contact 
fractured 

o contact 
o fractured 
o contact 
o fractured 
o fractured 
o fractured 

2 
o 
2 

o 
o 

1 
o 
o 
o 
1 

2 
2 
2 
o 
2 
3 
3 
3 

fractured 
fractured 
fractured 
r;actured 
i;actU'red 
,frac9-'red 
I fractured 

1 

primary 

fractured 

fractured 

I fractured 
ifractured 

I
· fractured 
fractured 
contact 

:fractured 

[
fractured 

. contact 

I 
fractured 
fractured 

ifractured 

I 
fractured 
primary 

if"lctured 

I
contac1 
fractured 

,fractured 
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295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 

~8 
319 

~ ~~ 

.. ----

-~ 

-----

- --.-

l£NGTHOF 
TRAVERSE 

GEOPHYSICAL METHOD 1 
METHOD 1 (m) 

-

EM 600 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

540 
400 
250 
250 
600 
530 

1- 530 

------ "- .-. 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

530 
680 
860 
400 
800 
400 
400 
500 
1200 
400 
800 
1000 
400 
600 
480 
600 
600 

~-- I ~ .. ~ 

a20 -0----
none 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 

~-~ 

EM 
EM 

, EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

Geology 
EM 
EM 

MAG 
EM 
EM 
EM 
EM 
EM 

240 
240 
240 
400 
500 
280 
500 
400 
200 
200 
840 
600 
760 
400 

600 
600 
300 
400 
400 
800 
400 
400 

LENGTH OF 
I TRAVERS I ~ 

GEOPHYSICAL METHOD21 
Total Total 

EC TDS hardness alkalinity 

BH DATABASE 

Ca 1 Mg Na! CI SO,! NH, 

METHOD 2 (m) pH (mS/m) (mgll) (mg/l) (mgll) _ (mgll) (mgll) (mg/lll K (mgll) (m~1I) (mgll) I (mgll) 
MAG 300 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

MAG 
MAG 

MAG 
MAG 
MAG 
MAG 
MAG 

-

270 
200 
125 
125 
300 
260 
260 
260 
340 
430 
200 
400 
200 
200 
250 
600 
200 
400 
500 
200 
300 
240 
300 
300 

120 
120 
120 
200 
250 
t40 
250 
200 
tOO 
100 
420 
300 
380 
200 

7.6 
7.9 
6.9 

6.6 

7.5 

8.2 

8 
8.2 
8.4 

8.1 
7.9 

8.4 
7.9 
7.7 

8.3 
8.1 
8.3 

8.1 

8.1 
8.1 
7.8 

8.1 
300,7.7 
300 8.3 

200 
200 
400 
200 
200 

8.4 
7.1 
7.4 
7.7 
7.3 
8.3 

294 1806 
182 1267' ~~ 
354 2267 

47.6 288 

113 ~~~ 723 

82.2 

20.4 
46 

56.3 

29.1 
43.9 

548 

140 
298 
406 

218 
328 

213 1379 
33.9 256 
193 1033 

47.2 
26.5 
72.4 

63.3 

70.4 
49.4 
51.9 

48 
97.2 
105 
108 
148 

26.1 

354 
196 
493 

449 

477 
345 
388 

690 
592 
694 
741 
167 

I 

-

209 1314 
2030 13741 
578 3160, 
273 1604' 

154 

299 

279 
506 
430 

88 

220 

198 

60 
112 
185 

101 
146 

452 
115 

,,\ 22 

161 
86 

199 

163 

195 
162 
192 

215 
46 

138 
~-

25 
60 

173 

161 76 _~~.3.3.0. jl 12.4 822 63 1 ~ 
81 63 185 11.8 290830 82241 

108 72 554 5.16 ~ 
- -~ 

I ! 

''I'' "I "I " 211 

- ----

52 31.2 '" .. ,,1'''1 "I 
27 

8 
18 
42 

28 
33 

44 
17 
46 

49 
25 
31 

25 

58 
33 
52 

16 
46 
45 
77 
13 

124 

"'1·" "'] '711 

-61
- 232:91 ~5'-371~-

13 47 ~5.11 71 
12 52 7.51 551 w 

-25 1 341 171 17 5 
13

1 
46 

9 
1 

7 
4 

23 

20 

18 
21 
9 

_ 341 7:7 - 35; 25 

6,61 3731 38, 317 
35 

333 
61 29 1!~1~ 1:9.1~- 5321 ~ ~-

~ I j 

-~~'II ~:~lil::1 :1 
86, 2.2 97i 4 

-80 \;4;81105! 

3.21 
4,6 
4.1 

96 
44 
38 

4.5 179 
3.5 298 
3.2 250 
2.4 382 

4 
2.5 

40 
554 

13 

1'~1 -

::1 
14 
23j 
52

1 4.9 

54 1061 52.9 7887 
0.6 1725 
8.6 656 

99) 
7871 

55 429 
305 66 
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2151~~ 
48 

No,i I Fe I[ ! Si 

(mg/l) I F (mg/l) I (mg/l) , P (mg/l) 1 (mg/l) 

- f , 1 1 
0.181 0.3'1 i 0.04 13.9 
0.711.1, _ I 0.018) 12.6 
0.16 0.45 I 0.05! 17.1 

0.04 0.2 1 0.Q35 i 15.6 

1 ; 
0.081 

0.5sl 

J 
0.86 Ii 

3.99 

~ 0.21 

0.
04

1' 0.04 

~:~~f 
0.071 

I 
0. 27

1' 

1.86 

1.441 

0.09 1 

0.331 

~:~:I 
0.27 1 
0,83, 
4.32\ 

0.04 1 
0.08, 
0.06 
0.04 
0.04 

I 0.09 

0.44 

, 

0.31 
0.7 

0.4: 

0.5! 

0.4: 

0.91' 
OA 
0.11 

I 
0.1 I! 

0.3 
0.3 

i 
OGi 

I 

0.91 
0.3; 
0.41 

i 
I 

_ 0.61' 
0.5 
0.5, 
0.7' 

0.14 1 

~:~:l' ~ 0.4 
0.4 

I ~ ! ~ 0.05 i 13.2 

I i 
I 0.036 1 I 

i 
I , 

0.052 1 

0.0121 
~ 1 
0.017, 

0.0441 
0.034j 

1 

5 

14.4 
2.1 
7.9 

12.3 
3.9 

0.016 [ 5.1 
0.0281 17.4 
0.005: 12.3 

, , 

i 
0.041 12.4 

0:011 1 11.3 
0.0141 14.4 

I 
, 

0.12i 8.2 
I 
I 

0.0151' 10.1 
0.02 5.4 

i 0.023
1 

5.9 

i (l.oro'l 5.9 
, 0.018 5.3 
i 0.024] 13.7 

! 0.021 7.7 
i&05 ~ 7.8 

I

I O~~~fll ~:~ 
0.01 3.6 

0.017 14.1 
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344 
345 
346 

347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 

360 
361 

362 

363 
364 
365 
366 

~'i7 
368 

~9 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 

386 
387 

388 
389 
390 
391 

392 

BOREHOLE 
NUMBER 
B202342 
B202343 
B202344 --

B202345 
B202346 
B202347 
B202348 
B202349 
B202350 
B202351 
B202352 
B202353 A 
B2023538 

B202354 
B202355 
B202356 
B202357 

B202359 

B202360 
B202361 

B202362 
B202363 
B202364 A 
B202365 
B202366 
B202367 
B202368 
B202369 
B202370 
B202371 
B202372 
B202373 
B202374 
B202375 
B202376 
B202377 
B202378 
B202379 

B202380 
B202381 
B202382 

B202383 
8202384 

8202385 

B202386 
8202387 
8202388 
B202389 
B202390 

AREA 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

Enseleni 

Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

Enseleni 
Enseleni 

Enseleni 

Enseleni 
Enseleni 
Enseleni 

Enseleni 
Enseleni 

Enseleni 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

(X) 

31.9903 
31.9733 
31.9861 
31.9847 
31.9842 
32.0028 
31.9733 

31.9472 
31.9422 
32.2619 
31.9350 
31.9317 
31.9314 
31.9600 
31.9483 
31.9517 
31.9731 

32.3269 

31.9264 
31.8994 
31.9069 
31.9153 
31.9014 
31.9250 
32.3267 
32.3319 
31.9517 
31.9678 
31.9953 
31.9792 

31.9878 
31.9694 
31.9744 
31.9931 
31.9283 
31.9639 
31.9328 

32.0242 
32.0211 
31.9983 

32.0267 
31.9417 
31.9461 

31.9025 

31.9039 
31.9081 
32.0714 
32.0722 
32.0875 

LATITUDE I BOREHOLE 
(Y) . _ DEPTH (m) 

-28.4789 85 
-28.4642 42 
-28.6108 120 

-28.5964 120 
~28.6222- 61 

-28.6111 120 
-28.6053 121 
-28.5703 98 
-28.5636 54 
-28.5736 43 
-2t.5528 55 
-28.5583 111 
-28.5581 102 
-28.5978 76 
-28.5861 78 
-28.5919 71 

·28.5881 78 

·28.5339 20 
-28.6111 72 

-28.5714 73 
-28.5956 60 
-28.5867 60 
·28.5833 152 
-28.6242 80 
-28.5436 18 
-28.5597 30 
-28.5331 80 
-28.5375 63 

'28.5289 81 
-28.5400 90 
-28.5375 81 
-28.5428 108 
-28.5508 61 
-28.6017 60 
-28.5514 50 
-28.5875 71 
-28.5158 35 
-28.4161 101 
·28.4292 70 
-28.4592 92 • 
-28.4781 54 
-28.5408 60 
-28.5367 44 

-28.5372 32 

-28.5381 122 
-28.5492 44 
-28.4850 140 
-28.4667 121 

-28.4569 81 

BH DATA BASE 

STATIC DEPTH OF DEPTH OF 1 DEPTH OF 
WATER WATER WATER WATER 

BLOW 
TEST 
YIELD 

PUMP I 

TEST 1 

YIELD, LEVEL 
(m.b.g.!) 

63.00 
20.00 

4.95 
39.90 
16.97 
3.60 

18.40 

68.80 
4.15 

21.84 

_ 3.93 1 

I 
10 .. 30

1

1 

17.10 
10.95 
27.00 

5.00 

10.00 
7.70 

21.50 
40.00 

_42.001 
4.70 
6.45 

55.00 
16.00 
22.80 

34.90 1 

29.40 
10.05 
18.10 
4.95 
6.00 
8.45 
2.40 

36.00 
29.50 
60.00 
45.00 
17.00 
6.65 

3.00 
20.30 

4.82 
34.30 
40.60 

11.55 

STRIKE 1 
(m.b,g.l) 

64 
30 
77 
60 
45 
66 
87 
76 

14 
37 
36 

-999 
-999 

16 

-~~ l 
48 

18 
22 
24 
19 
26 

·999 
25 

7 
25 
66 
41 
40 
15 
61 
10 
27 
12 
16 
17 

9 
37 
52 
82 
16 
21 
16 

13 
92 
27 

.54 

101 
,65 

STRIKE 2 
_ (m.b.g.l) 

79 

107 

40 

58 

51 

30 

45 
28 
38 

69 
13 

60 
49 
14 

-52 

20 
48 

65 

·----1 
30

1 

39 

STRIKE 3 
(m.b.g.l) (I/s) 

0.10 
0.30 
0.10 
0.60 
0.42 
0.36 
0.55 
0.02 

4.20 
6.60 
1.60 
0.00 
0.00 

(I/s) !SljRFACE LITHOLOGY 

-1.00 I Letaba basalt . 
0.20 Letaba basalt 
0.10 Letaba basalt I H~I~~:ba basalt 

0.30 rLetaba basalt. 
0.10 Letaba basalt 

- . - . 
3.50 I Letaba basalt 

2.50 I Maputaland sand 
0.70 Karoo argillaceous 

I 
Letaba basalt 
Karoo argillaceous 

0.20 I Letaba basalt 0.33 
. 0.11 

1 ~:~~j 
·-fl ~:~~ -_-II 

0.10 • Letaba basalt 

0.50 _ !Letaba basalt 

0.10 1 Letaba basalt 

0.20 IMaputaland sand 
2.50 Letaba basalt 

0.36 
0.10 I Letaba basalt 
0.10 Letaba basalt 

.. r 0.11 I 
_I 

0.00 
0.10 Letaba basalt 

Karoo argillaceous 
Letaba basalt 
Maputaland sand 

81 
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1.30 I. 0.60 
4.00 I 2.00 
0.30 T 0.15 
0.20 I 0.15 
0.60 OAO 
0.25 0.20 
0.34 0.20 
0.10 0.10 

1.60 f 0.60 
0.50 0.30 
0.90 : 1.00 

I' 0.30 1 0.20, 
0,45 h20 

0.14 _I, 0.10 
0.57 0.20 

I Maputaland sand 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Lelaba basalt 

,Letaba basalt 

I 
Letaba basalt 
Letaba basalt 

,Letaba basalt 
I Letaba basait 

4.00 

0.40 
0.15 
0.11 

I

L.etaba bas~lt 
Letaba basalt 
Letaba basalt 

0.50 I Letaba basalt 
0.20 Letaba basalt 

0.35 I 
0.80 _ 
0.10 

7.10 ' 
0.06 
a.l0 
0.44 

0.10 Letaba basalt 
0.10 Letaba basalt 
0.15 Letaba basalt 

-1.00 Karoo sandstone 

-1.00 Karoo sandstone 
0.60 \ Karoosandstone 

0.10 _iLetababasa't 
0.10 Letaba basalt 

- -. -- - .~ 

-1 .00 Letaba basalt 

I 
LITHOLOGY of' WATER STRIKE 
Letaba basalt 
Letaba basalt 
Zng 

Letaba basalt 
Zd 
ZilZng 
Letaba basalt 
Letaba basall 
Letaba basalt 

I 
Uloa coquina 
Karoo argillaceous I Karo?- argillaceous 

I Karoa argillaceous 

Letaba basalt 
Letaba basalt 
Letaba basalt 

Letaba basalt 

Maputaland sand/Zululand siltstone 
Letaba basalt 

Letaba basalt 
Letaba basalt 
Letaba basalt 
Karoo argillaceous 

1 

Letaba basalt 
Maputaland sand 
Maputaland sand 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalUKaroo argillaceous 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

Karoo argillaceous 
. Letaba basalt 

I
I Letab,a basalt 
Letaba basalt 

I

Letaba basalt 

Letaba basalt 

Karoo sandstone 

f Karoo sandstone 
Karoo sandstone 
Letaba basalt 
Letaba basalt 

Letaba basalt 

i, 

QUALITY I 

CLASS 'IAQUIFER TYPE 
3 fractured 
3 secondary porous 
2 , fracture-d - . - . 
2 I fractured- . --- ----

2 I fractured .-
3 contact 
3 I fractured __ 
2 fractured 

2 fractured 
o ,primary 
2 fractured 

2 
2 
2 
2 
o 
2 
2 

2 
o 
o 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 

3 
2 
3 
2 
2 
2 
3 
3 
3 
2 
2 

3 

secondary porous 

1 

contact 
fractured 

I 
fractured -

fractured 

,fractured 

I contact 

I[fractured' 
fractured 

fractured 

1 
fractured -
fractured 
I fractured 
I 

/primary 
.1primary-
, ~ 

I 
fractured 

fr""tured 
! fractured -

i fractured 
,contact 

ifractured 

1 

fractured 
fractured 

I fractured 
[fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 

fractured 

fractured 

f~actured 

I
, fractured 
fractured 

1 

fractured 
fractured 

Page 15 



, 
" 

344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 

~W 
368 
399 
:?ia 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 

-

--

LENGTH OF 
TRAVERSE 

LENGTH OF 
TRAVERSE -

GEOPHYSICAL METHOD 1 GEOPHYSICAL METHOD21 
METHOD 1 (m) METHOD 2 (m) 

EM - - --- 400 MAG 200 

EM 
EM 
EM 

Geology 
EM 

400 
360 
480 

--

MAG 
MAG 
MAG 

200 
180 
240 

180 

EC TDS 
pH (mS/m) (mgll) 

7.7 403 2091 
7.8 
8.1 
8.1 
8.3 
8.2 

111 
124 
181 

880 
720 

1015 
205 1181 
266

1
1659 

BH DATABASE 

1 

" 

hardness alkalinity Ca Mg Na CI SO, 
Total Total 

(mg/l) (mgll) (mg/l) (mg/l) _ (mg/l) K (mgJl) (m~1I) (mgll) 

84 194 68 489 12.6 1104 119 
313 --- 74 54 97 1 2 131 ' 211 

NH, NO, 
(mgll) (mg/l) 

0_04 

451 

~;-i~~ - ~ ;!~ -~'~I ;!~II' j~ll 
210 37 -19 335 431 48050 -

27.01 
0.04 
0.15 
0.09 
0.04 

I i ~ 
1 Fe ' Si 

F (mgll) I (mgll) i P (mgll) I (mg/l) 

0.4 _ 0.011 I 2.9 
0.4 0.0361 15.5 

1 0.0421 1.4 
0.4 0.008 3 

0.3 0.0051 18.7 
0.2 0.008 21 

EM 
EM 
EM 

360 
360 
400 
500 
400 

MAG 
MAG 
MAG 
MAG 
MAG 

180 7.3 314 2015 
200 -- i8 1 -157 829 

319 -72 -- 66 403
1

9:11 6
9

7
2

-5
9

1' 45 

50 231 11,435 10.41 336j_ 

50 46 := 41251 232321 2.7 4051- 80 
599 1 -51 1.1 284

1 

-351-

0.04 

I~:~~jl·--
0.2 0.012' 4.7 

1 0.005 8.4 

- -

EM 
EM 
EM 
EM 

MAG 
MAG 
MAG 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

Geology 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

-- -

600 MAG 
--- 300 MAG 

300 --- MAG 

200 
--- 100 

160 
640 
800 
600 
400 
1000 
400 
500 
280 
400 
440 
360 
900 
600 
300 
400 
400 
360 
600 
600 
400 
400 
600 
400 
400 

340 
800 
600 
200 
300 
400 
400 
400 

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

---

250 
200 
300 
150 
150 

320 
400 
300 
200 
500 
200 
280 
140 
200 
220 
180 
450 
340 
150 
200 
200 
180 
300 
300 
200 
200 
300 
200 
200 

170 
400 
300 
100 
150 
200 
200 
200 

-

8.1 
8.4 
8.2 

7.4 

7.9 
6.5 

8 
8.3 

8 
8.1 

8.2 
8.2 

8 
7.8 
8_8 

8 
7.4 
7.8 
7_8 
8.3 
8.2 

8 
8.2 
8.5 
8.3 

8 
8.2 
8.1 
8.1 
7.9 
7.6 
8.2 
7.6 
7.6 

8 

211 1517 

- - ::; -~~~ 5~ -1 ~~ 1-- ~:~ - 2~~ 4~ I 41.1 307 
157 1194 

122 1056 
191 1052 
181

1 
876-

122 732 
19 121 

143 
102 

78.3 
87.3 

90.6 
44.1 

781 
693 
627 
741 

526 
309 

202 981 
210 11'62 
279 1510 
152 1062 
267 1355 
413 2198 
150 1084 
162 1208 
140 876 
208 1515 
60.9 390 
219 1487 
221 1419 
236 1188 
146 1000 
157 1020 
201 1200 

1420 10095 

80 
243.48 

377 ,- -

34 
- ~- . 

26 
-----

--

35 
20 

123 
162 
317 
343 

49 
137 

" ' -47 
28 

102 
372 
34 
41 

472 
372 

.. 247 
442 
140 
364 
415 

44 
285 
248 
162 
746 

1310 8191 168 
317 2337 575 

--

- -

~~~ ~ ~~~ _ L. _ _ _52043031) 
164 968 , 149 

36 
13 

184 
312 

76 
60 
97 
54 

2 215 
---- -

6 199 
7 3.6 21.6 

62 10 
- -.. 

19 10 
50 30 
50 38 

50 
50 

7 
6 

197 
192

1 
81 

103 

30 

I I 
2:21 1991991 
221 589', 33 

1 :~I' ~i: I ~~i 
3:64 _ 40 41 

1.5\ 29948' 
2.4 196 :181 

-- 1.6
1 
I 57 21'1 

92/ 29 

65 
108 
128 

2.81 247i 301 
2.9 451 51 

273 2.215311 38 i 
1271 

86 155 1.3 179 36 
129 
241 

41 
47 
39 
51 

14 
4 

37 
46 

6 
10 
20 
13 
27 
42 

~~~ ~:~II ~-~~I' 1~~ 
-3771 0.3 - 743 58 

574 0.5' 1_180-1142 

!~ 1~~1 
104 15 

35 18 
64 ---25 

239'1 r 1.9 178 231 
319 ' 1.4 298 551 

1991 \ 3.2 2701 201 
376 I 2.6 426 36, 

102 1.58 100, 22;91 
418 3.6 455j 95, 
377 2.5 386 _80 J 
304 -2.31 603, 1061 

270 2.41270 I 30 I 
68 

148 
518 

241[ 2.41_ 3181 49'1 
014 3411 1.8 5241 51 

334 31501 _ 11.4152421 2981 
1.22 2372 59.9 4398 512' 

,?8 547 11.3 71_21' 951 
54 14AI 310 1.9

1
' 21.7 43.2! 

1 ~~ -:-Uf --~~-~ -- -- -~:~ 1-~~~ ---:~j 
84 
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0.4 0.024 20.5 
0.04 

6.
82

1 
- - -

1-- 0.061 

0.1 
0.4 

0.3 
~~08j ~ ___ 0.8-

_ 0.05 1 

~:~:I 
2.69 

12.97 

0.04 1 
1.96 

- 0.431 

0.77 

0.04 
0.33 
0.17 

23.14 
0.08 
0_08 
0_12 
4.65 
3.62 
9.29 
0_08 
0.08 
0.04 

0.
04

1' 5.68 
3.78 

0.05 1 

0.21 
0.04 

24.49 
_1.2) 
0.25[ 

20.591 

0.3 
-- 0.2 1 

0.031 -
0.4 
0.3 
0.4 
0.5 

0.4 
0.1 

0.71 
0.5 
0.5i 
0_3 1 

0.3i 
0.31 

0.51 
0_6 

0.41 
0.3

1 
11[ 

~:~1' 0.3 
0.5 

0.51 
0.3 
0.9[ 
0.9[ 
0.71 

0.59j 

- b:~1 

0.018 15.9 
0.025 18.4 

- I 
0.0581 16.8 
0_0221 7.5 
0.0131 
0.018, 

9.1 
6.1 
9.6 <0.05 i 

0.03 1 
0.044 
a.od 
0.016) 

0.017
1 

0.0251 

0.0;) 
0.031 
0.01 ! 

0:019 1 
0.018

1 
0.011, 

0.038 1 
0.017, 
0.039

1

1 

0.013 

0.05 1 
0_028

1

' 

0.005 

0.04 1 
O.o2~ 

0.015 

17 
12.8 
13.8 

9.6 

12_8 
8.8 

3 
6.2 

18.5 
21.9 

3.6 
11.1 
18_6 
15.5 
10.1 
22.4 

2 
4.2 

34.9 
2.2 
14 

21.2 
0.0441 22.1 
0.019 12.8 

I 0.033 1 2.3 
i 0.013, 10.5 

1<0.05 : II 19.7 

I 0.03 5.2 
0.009 24.9 
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393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 

409 
410 
411 

418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 

80REHOLE I 
NUM8ER 
8202391 
8202392 
8202393 
8202394-

8202395 
8202396 
8202397 
8202398 
13202399 
8202400 
8202401 
8202402 
8202403 

- 8-202404 A-

AREA 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseloni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni .. 
Enseleni 
Enseleni 
Enseleni 

8202405 
- -

8202406 
8202407 Enseleni 
8202408 Enseleni 
8202409 Enseleni 

. 13202410-.6. Enseleni 

- -

8202411 Enseleni 
8202412 Enseleni 
8202413 Enseleni 
8202414 Enseleni 
8202415 Enseleni 
8202416 
8202417 
8202418 
8202420 
8202420 A 

Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 

8202421 Enseleni 
8202422 A Enseleni 
8202423 Enseleni 
8202424'" Enseleni 
8202425 Enseleni 
8202426 Enseleni 
8202427 Enseleni 
8202428 Enseleni 
8202430' Enseleni 

8202432 Enseleni 
8202432' A Enseleni 
8202434 A Enseleni 
82024348 Enseleni 
8202439 Enseleni 
8202439 A Enseleni 
8202442 Enseleni 
8202442 ,A 
8202445 

'18202446 

Enseleni 
Enseleni 
Enseleni 

LONGITUDE LATITUDE 80REHOLE 

-

(X) (Y) DEPTH (m) 
32.0794 
32.0708 
32.0594 
32.0639 
32.0542 
32.0558 
32.1014 
32.0967 
32.1347 
31.9553 
31.9458 
32.3233 
31.9086 
31.9447 
31.9225 
31.9169 
31.9347 
31.9469 
31.9583 
31.9594 
31.9614 
31.9703 
31.9697 
31.9939 
31.9986 
31.9833 
31.9250 
31.8736 
31.9106 
31.9067 
31.9044 
32.3639 
31.9908 
32.0036 
32.0208 
31.9667 
31.9642 
31.9806 
31.8858 
31.8817 
31.8825 
31.8467 
31.8464 
31.8775 
31.8739 
31.9306 
31.9314 
31.9239 
32.0428 

·28.4611 
-28.4631 
·28.4606 
-28.4694 
-28.4833 
·28.4922 
-28.4556 
·28.4803 
-28.4725 
-28.5289 

. -2&'5247 

-28.5681 
-28.5111 
-28.5022 
-28.5094 
-28.5056 
-28.4806 
-28.4639 
·28.4994 
-28.4869 
-28.4675 
-28.4764 
-28.5081 
-28.5175 
-28.5403' 
-28.5078 
·28.4983 
-28.5153 
'28.4875 
.28.4881 
-28.4961 
·28.5222 
-28.5033 
-28.4886 
-28.4892 
-28.4556 
-28.4458 
-28.4514 
-28.4861 
-28.4894 
-28.4894 
-28.4939 
-28.4950 
-28.4692 
-28.4694 
-28.4625 
-28.4619 
-28.4289 
-28.5144 

. -

84 
150 
114 
121 
66 
54 
102 
60 
60 
66 
66 
33 
92 
120 
68 
68 
53 
62 
71 
150 
85 
70 

113 
56 
102 
75 

.. -
80 
96 
52 
120 
52 
60 
65 

120 
96 
110 
133 
54 
86 
50 • 
44 
122 
152 
56 
152 
100 
120 
145 

----

84 

8H DATA 8ASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 8LOW I 
TEST WATER WATER WATER WATER 

LEVEL 
(m.b.g.l) 

56.00 
41.22 
67.60 

STRIKE 1 
(m.b.g.l) 

65 

49
1

. 

82 
82.50 95 
10.60 

1.50 

_58:10

1 

7.00 
30.50 
17.50, 

- 23. 101 

2.
20

1 . .11.80 

11.90 
7.20 

21.30 
15.80 
2.37 

32.00 
42.00 
41.20 
10.10 
27.00 
29.90 
29.90 
18.30 
0.00 

18.
10

1 
44.40 

2.40 
63.90 
16.30 
13.80 
3~.40 

26.00 

18.80 

31.20 

36.40 
14.30 

37 
10 
61 
21 
24 
43 
30 
33 
70 

-999 . 

29 
39 
30 
30 
27 

·999 
28 
47 

107 

----

14 
74 
60 
70 
80 
14 

-999 
33 

·999 
50 

·999 
69 
77 
63 
32 
47 
27 

·999 
-999 
-999 

33 
-999 

67 
-999 

.1100 
,56 

STRIKE 2 
(m.b.g.l) 

53 
54 

56 

44 
47 

44 

23 

60 

37 
70 
34 

48 

72 

STRIKE 3 
(m.b.g.l) 

.. 

YIELD 
(lis) 

1.00 
0.25 
1.33 
0.10 

1_°.10 
0.88 
0.77 
0.16 
0.06 
0.40 
0.60 
0.40 
0.50 
0.00 
0.04 
0.80 
0.20 

56 0.14 

I 

10.00 
0.00 . 

0.30 
0.60 
2.00 

I 
- i 

.0.20_ .. 
0.25 
0.10 
0.20 
0.08 
0.20 
0.00 
0.10 
0.00 
1.30 
0.00 
0.10 
0.20 
0.20 
0.20 
0.20 
0.14 
0.00 
0.00 
0.00 
0.22 
0.00 
0.10 
0.00 
1'J.06 
0.31 

I 
I 

I 

I 

I 
-I 

Page 17 

PUMP I 
TEST 
YIELD 

(lis) 

0.30 
SljRFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 
Letaba basalt 

0.15 Letaba basalt 
--1.00 

0.10 
0.10 
0.30 
0.80 
0.10 
0.10 
0.20 

Letaba basalt 

I 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

0.20 Letaba basalt 

0.15 -I Maputaland sand . _ . 
0.30 Karoo sandstone 

Letaba basalt 
0.10 Letaba basal! 
0.20 Letaba basalt 
0.10 Letaba basalt 
0.10 Karoo sandstone 

0.50 ,Letababasait. 
I Letaba basalt 

0.15 "1

1

' Letababasalt 

0.20 Letaba basalt 
0.80 Letaba basalt 
0.10 I Letaba basalt 
0.15 Letaba basalt 
-1.00 Letaba basalt 
-1.00 Karoo sandstone 
-1.00 dolerite 
0.20 I Karoo sandstone 

i Letaba basalt 
-LOa -I Karoo sandstone 

Maputaland sand 

' 0.50 ILetaba basalt 
Letaba basalt 

\' . ,0.10, Letaba basalt 

0.10 ILetaba bas,"t 
-1.00 Karoo sandstone 
0.10 Letaba basalt 
-1.00 Karoo sandstone 
-1.00 Karoo sandstone 

Karoo sandstone 
Karoo argillaceous 
I Karoo argillaceous 

0.15 I KaroD argiliaceous 
Karooargillaceous 

-1.00 Karoo sandstone 

__.. Karoosandstone. 
-1.00 Karoo sandstone 
0.20 Letaba basalt 

Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

I 
Letaba basalt 
Letaba basalt 

I
Le.taba basalt 
Letaba basalt 

1 
Letaba basalt 
Letaba basalt 

I Maputaland sand 
dolerite/Karoo sandstone 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

-

Letaba basalt 
Letaba basalt 
Letaba basalt 

I 
Letaba basalt 
Letaba basalt 
Letaba basalt 

I· Letaba basalt 
Letaba basalt 
Letaba basalt 

_. 

Karoo sandstone 
Karoa sandstone 
Karoa sandstone/shale 
Letaba basalt 
Karoa sandstone 
Maputaland sand 
Letaba basalt 

I Letaba basalt 

I 
Letaba basalt 
Letaba basalt 

I
Karoo sandstone 
Letaba basalt 
dolerite 

I

, d.olerite/Karoo sandstone 
dolerite/Karoo sandstone I 

Karoo argillaceous 
Karoo argillaceous .. 
NMP amphibolite 
Karoo argillaceous 
Karoo sandstone 
Karoo sandstone 
dolerite 
Letaba basalt 

QUALITY 
CLASS AQUIFER TYPE 

3 fractured 
2 fractured 
2 fractured 
2 fractured 
1 fractured 
2 fractured 
2 
2 
2 
2 
2 
o 
3 

2 

fractured 
. jfractur~d 

I fractured 
fractured 

I
fractur.ed 
primary . 
contact 

[fractured' 
I fractured 

3 fractured 
1 fractured 
2 fractured 
1 fractured 

3 
1 
3 
1 
2 
3 
3 
3 
3 

3 

3 

2 

I secondary porous 
. fractured 
I fractured 
(fractured 
: fractured 

"jfractured --
• fra~t~red 
, fractured 
Ifr¥tured 
contact 
fractured 
fractured 
primary 
fractured 

I featureless 
I fractured 

2 fractured 
3 fractured 
1 fractured 
3 fractured 
3 contact 

2 

3 

3 
o 

contact 
fractured 
fractured 

)

' fractured 

fractured 
I fractured 

!fractured 
ifractured 
\ fractured 
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~, 

394 . --- . --

395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
.,iii 
417 
-Ir8, 
419 
420 
421 
422 

~ ~~ 

423 
424 
425 
426 
427 
428 
429 
430 
431 
432 

-. ----. 

- - - ---

~ ~~~ 

~~~ 

.. 

~ ~ .. 

. -~ 

~. 

- -"-- .. - -

433 
434 
435 
436 
437 
438 
439 
440 
441 

-- ----

--"---

lJENGTH OF 
mAVERSE 

GEOPHYSICAL ~THOD 1 GEOPHYSICAL 
METHOD 1 (m) METHOD 2 

EM 400 MAG 
EM 400 MAG 
EM 400 MAG 
EM 400 MAG 
EM 
EM 

360 
300 

.. ~~ ~ ~ ~~,~ :~~ 

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

--
. -

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
,EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

400 
600 
400 

~ ~~~ 
400 
400 
300 

- 400 

400 
400 
600 
400 
460 
640 
700 
400 
400 
240 
540 
100 
100 
400 
400 
500 
520 
400 
400 
400 MAG 
600 ~~~ MAG 

170 
100 
100 
340 
400 
200 
200 
200 
200 
400 
400 

MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 
MAG 

LENGTH OF 
TRAVERSE -
METHOD21 EC TDS 

(m) 

~ 

pH (mS/m) (mgll) 

200 7,2 296 1449 
200

1 200 
7,6 186 962 
8.3 136 800 

200 7.1 174 867 
180 7.8 89.3 572 
150 8 145 839 
200 7.2 
200 8.3 
200 8.3 
300 8,1 
200 8.1 
100 
320 8.3 
200 
200 8.4 
150 8.5 
200

1 

7.3 
200 7.7 

2001 8.1 
300 
200 7.7 
240 8.4 
320 7.4 
350 7.6 
200 8.4 
200 7.6 
120 8.1 
170, 8.4 
50 7.4 
50 

200 8.3 
200 

212 1067 
170 1044 
137 799 
129 893 
140 934 

I 
324 2138 

124 779 
429 2734 
119 759 
191 1079 

73.1 533 

148 943 
64.3 365 
235 1342 
76.4 577 
145 850 
372 2238 
425 2660 
549 3640 
517 3309 

347 2226 

250 7.3 264 1374 
260 
200 7.7 207 1045 
200 9.2 96.9 561 
200 7.7 799 5156 
300 8 110 703 
170 8.1 
100' 8.1 
100 
170 
200 
100 8.2 
100 

M6 3275 
343 2256 

166 1283 

100 7.6 670 4290 
100 
200 8 583 3781 
200 8.3 50.6 324 

Total 
hardness 

(mgll) 

340 

BH DATA BASE 

Total I ,I ! 'I iii 
alkalinity Ca Mg I Na I CI SO. NH3 N03 'I [ Fe I Si 

(mg/l) (mgll) (mg/~1) 1 (mgll) I K (mgll) (mg/I) (mgll) (mgll) (mgll) F (mg/l) ! (mg/l) P (mgll) ! (mgll) 
10 133 21 396 0.31 748 157 0.13

1

' 0.11 0.009i 11.1 

1;~ 8~ _1;11 ;~~I' . ~:~l ~~~~ '.' 2496~1~ 0.1~ ~::I ~:~~~i ~~ 
~ ~~~ 36 _ 7210 224 3.11 466 ~- 0.23 0.31 0.01.21 6.8 
_ 290 30'18.7141 j 2.421 95 ~371 0.06 0.53 <0.05 6.1 

113 49 ... ~151 231 1.9 354 49, i 0.3 0,61 0.038, .4.3 

~~ 

28 74 2

1

' 316 ,1.7' 574 64[ 0.22 0.21, 0.011

1 

9.6 
301 39 29. 265 3.91 289., 431 2.19 0.4 0.022 9.8 

~!: ·~L m;lllr~1 lll·:r:! H! :,~I,:i 
730 39 491-580[ 8.31- 496, 74t .6.31 0.41 i 0.011 i 23.3 

i ~ ~ ]1 i I-l ~~ . I 1 ' \ 
_~_J5B i69f1932.41_.194i741 ~15.12 0.6, I 0.023

1 
8.9 

~~~63.24:'~ I~~~~~ 1 . ~~g~,l ~~b) ~295~i ~ ~~ . 0;3~ I~b:: i i <00o~151-~::~ 
76 28 71 3621 4.71 5751 51 0.26[ 3.31 I 0.018! 1.1 

.::: .:: J. :::1· ::1 :::1·· ::! ,::1· ::1 i ::::Ii 1::~ 
~_47 22 '21' _9lil.9, 1461 ~ 381~ 0.050.51 0.038 5.4 

31 181 2 308 2.4'1 730 79i 0.06 1.2[ 0.0151 3.7 
244 32 201 108 2.4 891 25', 0.53 0.41 0.00511 19.5 
224 52 '1611~ 197 .1.6i 282 27! 0.09

1

' 0.41. 0.039 28.6 
,\ 64 178 .35 602 14.1' 1194, 136 11 0.04 0.6, 0.0341 6.2 

299 

429 87 1101 647\ 9.5 10591 B9 30.16, 11 0.0191 10.7 
335 ~~53' ~" 64 1157 29 1698 2261 0. 12 i 1.2i 0.019

1

' 2.2 

....~: :": i::1 :1 :::1 '::! '=j ::: :;1 <'::"1:: 
44 236 6i. 243, , 0.3 7371 97 0.09 0.31 0.073, 7.6 

L27 117 141 '.2,441 \ 2.71 5671 661~' 0.221 O.4i 0.011] 5.1 
28 3121 1681 '2.5[ 2631 61. .0.041 0.41 0.0531 5.8 

~ 208 159 .154[1532[251 2681 i 352 008, 0.41 0052 1.3 

360 22.21.6, 'I 
195

1' 3.28'1115 1 52 0:17\ 0.361 <0.05 1 5.5 
439 _~ 91 63952 19.1. 1512 . 101 0.07 1.11 0.023 5.9 
586 34 ~~ 64

1 
~594~ 16.6

1 
747 86 0.09 0.71 0.006 12.4 

1/ l I! ~ Ii i '1 
., . 

181 337 61 320, 25 0.161 0.'1\ 0.011 

ll611315 il.481 11350
1 

159 54.3/ 1.7i <0.05 I 
-37.96~~ Ii ;'19147.06~ 29.51 i894 . 184

1 
_o.09 I. 0.51 0:039 1 

1.58 . 88 . 32.5 ' .~ 0.53 '0.21 <0.05 I 

449 29) 

660 90 
1 ~ t 

285 7Sr 
100 21.21 
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4.5 
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442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
46$ 
466 

4~7_ 
468 
469 
470 
471 
472 -
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 

80REHOLE 
NUM8ER 
8202447 
8202448 
8202449 
8202452 
8202453 
8202455 
8202456 
8202461 
8202462 
8202463 
6202466 
8202468 
8202469 
8202470 
8202471 
8202474 
8202477 
8202479 
8202480 
8202481 
8202482 
8202484 
8202485 A 
8202486 
8202488 
8202490 
8202492 
8202492 A 
8202493 
8202495 
8202496 
8202499 
8202501 
8202502 
8202503 
8202504 
8202505 
8202506 
8202507 
8203315 
8203316 
8203317 
8203318 
8203319 A 
8203320 A 
82033208 
8203320 C 

MEA 
Ense!eni 
Enseleni 
Ense!eni 
Enseleni 
Enseleni 
Enseleni 
Enseteni 
Enseleni 
Enseteni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Enseleni 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 

8203321 C ,Inkanyezi 
8203322 Inkan ezi 

LONGITUDE LATITUDE 80REHOLE 
(X) (Y) DEPTH (m) 

32.0339 
32.0492 
32.0564 
31.9892 
31.9897 
31.9833 
31.9956 
31.9889 
32.0381 
32.0653 
32.0742 
32.0861 
32.0661 
32.0178 
31.0125 
32.0042 
32.0108 
32.0722 
32.0667 
32.0547 
31.9933 
31.9233 
31.8633 
31.8714 
31.7656 
31.8322 
31.8433 
31.8433 
31.8303 
31.8322 
31.8714 
31.8003 
31.7889 
31.8628 
31.8542 
31.8442 
31.9261 
31.9347 
32.0961 
31.3357 
31.2565 
31.3088 
31.3133 
31.2890 
31.2825 
31.2822 
31.2803 
31.2970 
31.2378 

-28.5097 
-28.5117 
-28.5075 
-28.3708 
-28.3667 
-28.4317 
-28.4222 
-28.3917 
-28.5250 

-28.~192 
-28.4942 
-28.4928 
·28.4986 
-28.5786 
-28.5742 
-28.5936 
-28.6061 
-28.5314 
-28.5450 
-28.5264 
-28.5789 
-28.6264 
-28.7539 
-28.8258 
-28.7478 
-28.7397 

--28.7633 

-28.7639 
-2£.8017 
-28.7867 
-28.8039 
·28.7714 
-28.7689 
-28.6886 
-28.6886 
-28.7083 
-28.6058 
-28.5867 
-28.4806 
-28.9848 
-28.9043 
-28.9937 
-28.9703 
-28.4668 
-28.9595 
-28.9602 
-28.9572 
-28.9427 
-28.8983 

61 
61 
96 
133 
82 
130 
133 
96 
60 
54 
60 
80 
60 
78 
131 
134 
78 

61 
60 
61 
66 
128 
120 
108 

- --61 

124 
86 
61 
119 
124 
144 
81 
116 
140 
108 
78 
84 
72 
120 
86 
61 
96 
76 
101 
128 
104 
122 
122 
66 

8H DATA 8ASE 

STATIC DEPTH OF DEPTH OF I DEPTH OF 
WATER WATER WATER WATER 
LEVEL STRIKE 1 STRIKE 2 STRIKE 3 

8LOW 
TEST 
YIELD 

PUMP 
TEST 
YIELD 

(m.b.g.l) (m.b.g.l) (m.b.g.!) (m.b.g.l) 
12.50 36 

(I/s) 

0.10 
0.29 
0.14 

(lis) 

0.10 
0.20 
0.10 

SUI3FACE LITHOLOGY 
Letaba basalt 

J Letababasalt 

LITHOLOGY OF WATER STRIKE 
Letaba basalt 

8.35 31 
8.60 

32.60 
18.40 
13.90 
45.70 
0.00 
1.32 
3.05 
9.50 

62.00 
13.90 
14.30 
20.30 
19.00 
4.75 

13.35 
9.45 

18.00' 
30.90 
48.40 

12.60 
16.60 
6.66 

71.70 

8.80 
1.90 
3.60 

21.00 
49.90 
63.20 
28.00 

1.85 
41.40 
55.20 
33-.90 
60.63 
3.41 

31.94 
15.42 

27.90 

14 
129 

69 
46 

128 
92 
12 
12 
15 
30 
18 
24 
77 

119 
-43 

31 
34 
31 
36 

120 
-999 

71 
35 

108 
60 

-999 
102 
48 
79 
36 
96 

113 
27 
18 
52 

8 
94 
27 
25 
40 
27 

-999 
-999 
-999 
-999 
-999 

'49 

~, 

I 

55 

35 
14 

44 

115 

65 
45 

46 
62 

\ 

71 

100 
139 

{39 
42 

40 

31 
33 
91 
46 

0.20 0.10 
0.16 I -1.00 

I Letaba basalt 
Karoo argillaceous 
Karoo argillaceous 
dolerite 
Letaba basalt 

1.33 \" -1.00 
0.20 -1.00 
o 10 ' 0 10 Karoo argillaceous 

~ .~~ 1\ ~:~~ ~:::~: ~::::: 
0.04 -1.00 i Letaba basalt 

0.10 -1.00 -I Letaba basalt 
o 20 I 0 10 Letaba basalt 

0:24 'I 0:15 Ilng 
0.10 0.10 dolerite 

0.24 0.15 _jlng ___ _ 
0.36 ( 0.30 Letaba basalt 
1 33 0 30 Letaba basalt 
2:85 :,_ 4:00 Letaba basalt 
0.461 0.30 Letaba basalt 
0.10 I 0.10 Letaba basalt 

~:~~ r -0:50 ,i~~aba basalt 

0.45 J 0.20 I NMP 
0.20 j 0: 15 Ecca shale 

~.!~! -~'~~I~~: -
~:!~I i:t~ I ~N~~ 
0.35 I, ,-1.00 
0.12 0.10 NMP 
0.100.10 
0.10 1~.10 , 

0.69 0.40 
1.30 
0.10 
0.10 

Letaba basalt 
Letab,a basalt 

Lelaba bas~1t 
I Lelaba basalt 

78 0.50 

0.50 
0.10 
0.10 
0.25 
0.16 
0.16 
0.20 

1 

Letaba basalt 
Letaba basalt 

,NGS -
53 0.16 

0.30 
66' 0.90 
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0.00 
0.00 
0.00 
0.00 
il.OO 
0.48 

i
NMP 

-

NGS 
NGS 
NGS 
NGS 
NGS 
NGS 
NGS 

0.25 NMP 

Letaba basalt 
Letaba basalt 
Karoo argillaceous 
dolerite/Karoo argillaceous 
dolerite 
Karoa argillaceous 

Karoo argillaceous 
Letaba basalt 
Letaba basalt 

I 
Letaba basalt 

l
Letaba basalt 
Letaba basalt 
dolerite/lng 
lng 
lng_ 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

I,
Leta,b, a ,basalt 
lng __ , 
NMPgranite 

_ , NMP ,9ranite 
ln9, 
NMP granite 
NMP granite/dolerite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
Letaba basalt 
Letaba basalt 
Letaba basalt 
Letaba basalt 

i Letaba basalt 
t I Letaba basalt 
NGS 
NMP granite 
NGS 
NGS 
NGS 

I
NGS 
NGS 

l
'NGS 

NGS 
NGS 

I 
QUALlTYj 
CLASS ,AQUIFER TYPE 

2 I' fractured 
2 fractured 

2 I' fractured -
3 fractured 
3 I contact 
3 I fractured 

3 I fractured 
2 fractured 
2 I fractu red 

2 i fractured 
3 I fractured 
3 fractured 

3 
2 
2 

1 

2 
2 

o 
3 
2 
3 

3 
2 
2 
3 
2 
3 
2 

2 
o 
3 
o 
o 
o 
2 

[fractured 
Icontact 

!fractured 

I 
fractured 
fractured 

II' fractured -
fractured 
fractured 

'I' fra'ctured 
fractured 

I
, featureless 
fractured 

J
',!ractured -
fractured 

I
fracrured 

c0'1lact 
I fractured 

(

fractured 

fractured 
fractured 

[fractured 
ifractured 

I fractured 

I 

fractured 
fractured 
fractured 
fractured 

'fractured 
fractured 
fractured 
fractured 
fractured 

i
frFctured 
fractured 
fractured 

ifractured 
o I fractured 
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442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
.f6§ 
466 
46C~ -
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 

I 
lENGTH OF 
mAVERSE 

GEOPHYSICAL METHOD 1 GEOPHYSICAL 
METHOD 1: (m) METHOD 2 

EM ! 400 MAG 
EM 440 M~AG 

EM I 600 MAG 
EM I 360 MAG 
EM i 400 MAG 
EM 400 MAG 

Geology 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

-- EM-

EM 
EM 
EM 
EM 

none 

none 
EM 

none 
none 
none 
'EM 
EM 
EM 
EM-

EM 
EM 
EM 
EM 
EM 
EM 
EM 

PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

-PROFILING 
PROFILING 

i 

i 
i 
! 

, 
! 
I 

400 
400 
400 
440 
520 
400 
600 
400 
380 
400 
400 
400 
400 
480 
600 

'MAG 
jMAG -

1 

MAG 
MAG 
MAG r - -

_ I
MAG 

_I
MAG 

I
MAG 
MAG 

IMAG 
- :MAG 

)MAG 
fMAG 

iMAG 

I
MAG 

I 
400 __ IMAG--

260 
400 
480 
600 
400 
560 
900 
480 
600 
500 
260 
140 
80 
150 
120 
140 
160 
120 
120 
150 
180 

I 

IMAG 

t~~~ 
IMAG 
,MAG 
IMAG 
jMAG 
'MAG 
IMAG 
IMAG 
iMAG 
I-

I 
i 

I 

LENGTH OF 
TRAVERSE ~ 

METHOD21 
(m) 
,- 200

1 

2,

20

1 300 
180 

:1 
200! 
200 
220! 
260 
200 
320 
200 
1901 

~~~il 
200 

240i 
300 1 

I 

200 

I 
130

1 
200 
240

1 300 

;~~II 
450 
240 
300! 

250i 
130

1 

BH DATA BASE 

Total I 1 

EC TDS h,ard,ness I al,k,a, Ii,nity Ca Mg Na CI SO. NH, 
pH (mStm) (mgtl) (mgll) (mgll) (m911) (rngtl) (mgll) K (mgll) I (mM) (mgll) 1 (m[jll) 

8,3 137 875 -- 1-' '2180°6 47 31 209 ~ 2.71_,,302 541 
8.3 __ '22 j 872 35 18 232 2.3 254 75 

8.~ ml' ~m Ii m ~! i~ ml~'~/l~~!I'--:~ 
7.2 602 3612 492 _ 94 85 68/1142 15.5 2128 56 
6.7 805

1 
4943 I 34 196 75 1569 12.3 2959 89 

Hmt ~ml 395[1: ._- m~iI-~;I' m H m ~i 
8.2 166 1219! 321 631 38 257 2.8 _ 238

1 

__ 98 
7.3 218 1228 1 ~ 40 1631 ~71 278 3.8 632 961 

:;, ~l!,:::! 1- ill Elm::: ::;~ ~I 
8.~ ~~:111~::fi -II ~~~_,~938_1~, _ ~_~I_,_" ~~~ ~:~I ~~~ ;; 
8.8, 70.4 450 70 13

2
,2
,
-
1

- 1122.18
3 

190 1.9 
8.41 100: - 71-3 - 1391 223 211 172 19311 15 

HI ;::1 ':::1 -'''I . __ :E -!;~r ;:;;;1: :: 
7 19,8! 127i 351 30 4 61 28 21 35] 5,5 

~:~ --;~~f{~~~'---.--I ~:~: ~~~~~I-~:}- lQ~,l~:~i ~~ 
7,9 - 6101 35!3\ ( ~ -3091721

1 
207

1 

76L_- -9,8 ~ 1844f 127 

7,'81 78614,9161 I 109 109
1
1 

69 1552 20.8 2114 911
1 

8,2 100 6191 125 21 16 169 4,2 230 23! 

8.4 117 i 817
1 

28,91 17 21 197 9.6 2011 20 

8 1 2871 1819

1 

I' 376 99/ 97 334 15.7 592 1 63,1 
81

1

' 201, 1128 204 32 19 335 6,7 438 48 
7:6 102[555 178, 24! 63 5 --'43 ; 2.6 273 40 
7.4 163 L 880 I 2761 t 32 86 15 i 220 ~~ 3 404 88'1 
8.4, 107 7781 1 293' 28 141 192-

1 
2 164 1~ 

I 

NO,! 
(mgtl) F (mgtl) 

2.31 0.6 
0.89 
5.44 
0,04 
0.04 
0.33 
0.11 
3,57 
3:57' 
9.64 

29.37 
0.Q4 
2.13' 

-3.83 

0.07 
0.4 

2.78 
0.11 
3,53 
0.62 
0.04 
9.37 

1.71 
-- ~:~~ 

2.66 

0.53 
0.35 
0.06 

36.15 
, 0.04 

1

<0.04 
5.72 

! 

0.91 
0,15[ 

1 0.13 
<0.04 

0.6 
0.6 
1.7 
2.3 
0.3 
0.5 
0,6 
0,6 
0.6 
0.4 
0,2 
0.3 
0.4 
0.7 
0,5 
0.4 

o 
0,2 
0.2 
0.5 
0.7 

0.2 
0.5 

1 
0,2 

0.04 2.05 

2,6 
1.8 
0.7 
0.2 
0.3 
0.2 
0.2 
0.3 
0.1 
0.2 
0,2 
0.3 

~:~Ii 3~4~ ~~~il 168
1

_ ~~ 6: ~I 2~~ ;:~ 4~~ ~~ 
7.5 184 1005 150,j _ 33 55 3, 334 2.6 5311 39 
7,1 15.4, 881 172[ 211 19 - 51 20 9 

8, 3L9'!" 214 92 14' 8 35 2,3 31 10 0.04 
7.6! 13.3 _ 831 27 3 2 17 4.2 13 61 0.04 
8,3 57"

1 

42.oi 185 47 '14 54 3.7 62 121 0.05 

0.44 
0,95 
0,04 

0.31 0.5 
1,8 

I
i 

l i , 
30.71 2331, 

, 
I 13l - -81' iOl 38 1.9 32 0,041 2,821 4 

I 
0.5 
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Fe 
P(mgtl) 

0.021 

Si 
(mgll) 

10.7 
6.5 

16.5 
2.2 
3,5 
2,8 
1.3 

24.6 
24.6 

21 
13.4 
2,3 

0,034, 

0.054! 
0.012 
0,105 
0,017 
0.008 
0.041 
0.041 
0.022

1 0.034 
0.0251 

0.008! 
0.03[ 

0,042
1 

8.5 
0.018

1
, 10.3 

0.023 13.4 

16.4 
17.2 

I
, 1.6 

0.024 21.7 
0.019 24.7 
0.044 8.1 

0,02 15.7 

0.4 3,5 
0.02 6.6 

0.0051 11.6 
0.011 8 

0.011 
0.012 
0,0221 

0.
024

1 0.091 
0,019 

0,009
1' 

0,014 
0,012 
0.019 
0.012 
0.107 1 
0,0211i 

0.03 1 

0.
025

1 

i 

2,8 
5,1 
7.4 

16.5 
15.9 
5,9 
8,6 

26.1 
6,8 

3 
10 
13 

13.6 
13.2 
11,8 

0.0591 19,1 
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491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
tff~ 
51.5 
5~,-" 

517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 

80REHOLE 
NUM8ER 
8203323 A 
82033238 
8203324 
8203325 
8203326 
8203327 A 
82033278 
8203328 A 
8203329 A 
820332913 
8203330 
8203330 A 
8203331 
8203332 
8203333 
8203334-

8203335 
8203336 
8203337 
8203338 
8203:339 
8203340 
8203341 A 
8203343 A 
8203344 . 

8203345 
8203346 A 
820334i 
13203348-

8203349 
8203350 
8203351 
13203353 
8203354 
8203355 
8203356 
8203357 
8203358 
8203359 
8203360 
8203361 
8203362 
8203363 
8203364 
8203365 
8203366 
8203367 

1

8203368 
8203369 

AREA 
Inkanyezi 
Inkanyezi 
Inkanyezi. 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkan~ezi 

Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi 
Inkanyezi .. 
Inkanyezi 

Iinkanyezi 

I
inkanyezi 
Inkanyezi 

Iinkanyezi 
Inkanyezi 
Inkanyezi .-

Inkanyezi 
Inkanyezi 

Inkany~zi _ 

I
,nkanyezi 
Inkanyezi. 

Iinkanyezi 

!

Inkanyezi 
Inkanyezi 
Inkanyezi 

!Inkanyezi 
i Inkanyezi 

I
',nkanyezi 
Inkanyezi 

I,nkanyezi 
Inkanyezi 

I
, Inkanyezi' 

InkanyeZi 
Inkanyezi 

I
I,nkanyezi 

Inkanyezi _ 
Inkanyezi 

I,nkanyezi 
,Inkanyezi 

l

linkany. eZ.i 
Inkanyezi 

, Iinkan ezi 

LONGITUDE LATITUDE 80REHOLE 
(X) (Y) DEPTH (m) 

31.3075 -28.9580 I 121 
31.3072 -28.9578 121 
31.2547 -28.9108 61 
31.2543 
31.2517 
31.2543 
31.1410 
31.2622 
31.0893 
31.0892 
31.2545 
31.2547 
31.0760 
31.2433 
31.0537 
31.2145 
31.0827 
31.2877 
31.1252 
31.1208 
31.1453 
31.1933 
31.1093 
31.1417 
31.1622 
31.0673 
31.1672 
31.1145 
31.1110 
31.0763 
31.2203 
31.2175 
31.3022 
31.2403 
31.0437 
31.1112 
31.0920 
31.1147 
31.1258 
31.1272 
31.1360 
31.2328 
31.2433 
31.2555 
31.2500 
31.3310 
31.3687 
31.3148 
31.3497 

-28.9397 
-28.9600 
-28.8343 
-28.8480 
-28.9697 
-28.8608 
-28.\l5!l2 
-28.1'273 
-28.9275 
-28.8772 1 

-28.9347·1 
-:28.8975 

-28.9125 i 
-28.9023 ' 
-28.9413 I 
-28.8928 I 
-28.8350.1 
-28.8870 ' 
-28.90131 

-28.8847 1 -

-28.8733 I 
-28.8877 i 
-28.9042 ' 
:28:8710 I 
-~8.91nl 
-28.9207 . 
-28.9352 1 

-28.9137! 
-28.8972 
-28.9713 : 
-28.9442 I 
-28.9245 [ 

:28.9495 I 

-28,9458 I 
-28.9488 ' 
-28.9567 i 
-28.9510.1 

-28.9633 1 

-28.9750 I 
-28.9990 i , 
-28.9211 I 

1 

:28 .. 
8567

1 -28.8255 
-28.8580 
-28.8147 : 

95 
128 
122 
122 
122 
i22 
122 
122 
122 
61 
110 
71 
41 
128 
98 
122 
120 
116 
61 
122 
140 
110 
122 
140 
66 
73 
128 
71 
71 
61 
59 
98 
86 
76 
122 
104 
122 . 

104 
61 
21 
106 
118 
96 
88 
120 
118 

8H DATA8ASE 

STATIC DEPTH OFI DEPTH OF DEPTH OF 8LOW 
WATER WATER WATER WATER TEST 
LEVEL 
(m.b.g.l) 

STRIKE 1 
(m.b.g.!) 

-999 

7.61 

8.02! 
80.42 _ 

t 

l~J 
3~d 
"-r . 14.52

1 5.60 

-57.20 I 
64.34 

57:00
1
' 

34.84 
62.60i 

5,00\ 
! 

56.001' 

31.00 
------- --- 1 

1 
4.571 

- 56.00 1 

44.30 
15.20 
31.47 

0.001 
5.90 

37.56 
45.00 
16.00 

15.20 
20.80 
38.30 
20.00 
5.00 

41.00 

-999 
28 
23 

. 87 

-999 
-999 
-999 
-999 
-999 

44 
-999 

46 
17, 
16' 

251 
81 i 
87

1 

48: 

l~~f-
23 

-999 
-999 

95 
72 

-999 . 

8 
67 
68 
33 
51 
15 
27 
85 
47 
38 
56 - -or 
22[ 31 
55 
35 
18 
68 
80 
20 
54 

STRIKE 2 
(m.b.g.l) 

66 

50 
104 

31 

111 

51 

104 

98 

20 

105 
47 
58 
21 
44 

__ ,90 
54 
67 

53 
47 
93 

74 
4.901 

51.80 
39.00 
58.62 .1 741 

-9991 -

86 
59 
87 

STRIKE 3 
(m.b.g.!)_ 

YIELD 
(115) 

0.00 
0.00 
0.32 

83 0.16 
0.75 
0.00--

0.00 
0:00 -

0.00 

j 
0.00 

96. 0.02 
0.00 

1
- 0.40 

0.14 

571 0.44 
, 6.60 

_i19\--0.08 
, 0.40 

70 0.08 
0.35 
1.80 
5.00 

- ~J071- ~:~~ .. , 
-[-- ~:~~ 

0.95 
8.30 

119\ 0.09 
0.40 

37f ~:~~ 
1 0.33 

I 4.17 
771 0.41 
73 0.14 

0.00 
82 0.30 
84 0.08 

5.00 
0.35 
8.30 

92 2.00 
0.45 

r 0.08 
70

1

', 2.60 
Q.07 
0.00 
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PUMP 
TEST 
YIELD 

(115) SURFACE LITHOLOGY 
NGS, 
NGS 

0:30 NMP 
0.16 NGS 
0.75 NGS 

NMP 
NMP 
NGS 
NMP 
NMP 

0.08 NMP 
NMP 

0.42 NMP 
0.14 Alluvium 
0.69 NMP 

Alluvium 
.. 0.08 - NMP 

0.16 Letaba basalt 
0.04 NMP' 

0.20 NMP 
1.11 NMP 
-1.00 NMP 

NMP 
NMP 

1.67 NMP 
0.50 NMP 

NMP 
1.05 NMP 
-1.00 NMP 
Q.l1 NMP 
0.21 NMP 
0.14 NMP 
'_1.00 NGS 

0.56 NMP ,'--1.00, NMP 
b:3{ NMP 
0.13 NMP 
-1.00 NMP 
0.18 NMP 
0.14 NMP 
-1.00 NMP 
0.50 NGS 
-1.00 NMP 
-1.00 NGS 
0.06 NGS 
0.17 NGS 
-1.00 NGS 
0.06 NGS 

NGS 

I 
LITHOLOGY OF WATER STRIKE 
NGS 
NGS 
NMP granite 
NMP granite 
NGS 
NMPgneiss 
NMP gneiss 
NGS - -

NMP schist' -

NMP schist 
dolerite 
dolerite 
NMP schist 
NMP amphibolite 
NMP schist - . 

NGS 
NMP migmatite 
dolerite/NGS 
NMPamphibolite 
NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP amphibolite 
NMP gneiss 
NMP amphibolite 
NMPamphlbollte 
NMP amphibolite 
NMP amphibolite 
NMP gneiss 
NMP gneiss 
NMP amphibolite 
NGS 
NMP amphibolite 
NMP schist 
NMP schist 
NMP schist 
NMP schist 
NMP schist 
NMP schist 
NMP gneiss 
NGS 
NMP gneiss 
NGS - -

dolerite 
dolerite 
NGS 
dolerite 
dolerite/NGS 

QUALITY 
CLASS AQUIFER TYPE 

fractured 
fractured 

o fractured 
a fractured 
o fractured 

fractured 
fractured 
fractured 
fractured 
fractured 

ftactured 
fractured 

2 fractured 
fractured 

3 fractured 
fractured 

o fractured 
o contact 
3 fractured 
3 
1 
o I

, fractured 
fractured 
fractured 
fractured 
fractured 

2 fractured 
2 Iractured 

frac~red 

fractured 
2 frattured 
3 fractured 
1 fractured 
o fractured 
o fractured 
2 fractured 
2 fractured 
3 fractured 
3 fractured 

fractured 
3 fractured 
3 fractured 

fractured 
o fractured 
o fractured 
o fractured 
o fractured 
o ftactured 
1 fractured 
o fractured 

contact 
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lENGTH ~O:! !LENGTH OF 

I I Total Total 'IlRAVERSE I TRAVERSE -
GEOPHYSICAL ""'THOD 1 GEOPHYSICAL METHOD21 EC TDS' hardness alkalinity Ca Mg Na CI SO, NHJ NOJ Fe Si 

METHOD 1 (m) METHOD 2 i (m) __ pH (mS/rTI) (mgJl) 1_ (m~1I) (l11g /l) (mg/l) (rTlg/~ (l11g/l) K(mgll) (mg/,1) (Il'lll/l) (~g/l) (mgll) F(mjl/l) I (1Ti9/t) P(mg/l) (mgll) 
-

491 PROFILING 90 I - - J. 492 
- ---~ . - .-

PROFILING' 90 I 
.- -_ ... 

.-

PROFILING I 
- -- -

493 180 7.8 55.2 4241 200 32 23 57 2.91 61 0.1 3.91 0.6 0.014 13.9 
494 PROFILING 

.-
180 ! 7.6 47.5[ _ 367_ 176 30 15 53 4.2 411 41 0.04 0.15 0.7 0.128 20.1 - -_ .. 

PROFILING 
._.-

- 3:if 
-.- 13 1 -0.04 495 200 , 7.6 .... _47.3 341. 145 46 7 43 51 0.04 0.5 0.314 28.8 

-

PROFILING i 496 80 

l~ -- -----t _.- -- i . -----

-. PROFIL.ING 
---- -- -. r -

497 170 I 498 
----- ---- --- -- - - . ----- . - --- 1---- --- -. - .. --. ._. - .- -- ----- - " --- I·- 1-

PROFILING 200 

[-. - - -----

PROFILING 
--- .... -- ------ .... -" -------- - "--"- --.- - --- - -- -- -- - -

499 150 

~A~::l :::1 
----- -.- - -

500 PROFILING 120 
-- -- .-----. 

PROFILING 
-- ~I 145 24 14 114 3 146 19 0.04 

- . 
501 120 0.04 0.9 

0.
013

1 
11.3 . - ----- -

PROFILING 
-

_-8.1j 
.. 21 f 

... 

502 120 i --- - .- - - -

503 PROFILlNG- 110 

1 

8.4 

_ ":83.3165f 319 32 27 76 9 0.04 2.78 
1.;1 

0.017 20.6 
504 

- -

PROFILING-
- - .. 

8.1 
1-- 258 1-

:~1 
26 115 116) ~:I- 0.05 -6.59 .0.0331' 210 2.71 15.5 ._- I' . -

~22'~1 229 1 505 PROFILING 120 I 8 1961 1662 694 128 159 0.05 36.37 
2.71 0.

035
1 

27.3 
506 

. --

PROFILING 8.3 _711_5361 232 35 21 91 74 0.04 180 I 4.8 0.5 0.018 13.9 
- - ---

PROF-I LING i -_ 36[IX -
-

507 120 , 
7

1 I 
508 

- --

PROFILING 90 
I 

d OO:'j '''I 151 61 
... -

2.8 74 0.04 0.39 0.51 I 
_ .. -'171 

0. 13 i 16.4 
--' 

PROFiLING _8.3 _117.2 998. 0.05 1 509 120 I 414 ~~117bl- 100 9.4 100 29.12 0.8

1 
0.

017
1 

14.1 -- ----" 
PROFILING 2~~r 510 120 I 8.5 212.15091 627 273 15 -~~I 

0.07 4 2.7 0.011 7 
511 PROFILING 120 I 284 33 59 48 8.6 0.06 0.05 0.51 0.027 14.9 

- --- - 1 8A 77.8, 614

1 
131-- 7 _ 0:042 1 512 PROFILING 120 I 7.7 _ ._421_ 266 _ 103 52 3.4 48 _3 1 0.05 3.18 0.3 24.4 

._. 

PROFILING 
I 1-- --- .. _ .... - -- _. 

513 120 
----.. -- .. _--- j I .. - -- , 5!fa.- -- .-

PROFILING 80 

8.31176] 10831-
I 

---. --"._. ----
PROFIliNG 

--- - -- -- -- - ---

:31 394
1 

31- 0.04 515 210 163 71 65 183 0 0.4 0.006 8.4 
------ - -t- - -- - --

241 . 5t.l' .- PROFILING 120 __ 8, 1701 1535 _~\7B3 63 77 236 
11.41 

132. 0.05 7.62 2 0.032 17 
-- ------- - - 1--

517 PROFILING 120 I 

-PROFiLING 8.4) 89[ -7331 
-

-49 
-

518 120 326 43 95 6.5 
95) 

46

1 

0.04 0.34 0.8 0.013 14.9 
t 

-

6.41 -183 519 -PROFILING 140 
_. 

7.8 .160! _ 1292 594 79 69 184 17 0.04 6.4 1 0.017 17.6 
j --

520 PROFILING 120 8.5 2541 1916, 800 57 140 289 23.5 296 44 0.07 20.17 1.8 0.015 17.3 
521 

-.-

1- PROFILING 80 7 
1021 

664
1 

338 44 33 136 4.2 

l~:i 19.11 0.01 0.09 0.96 0_07 7.1 
522 PROFILING 150 I 8.1 32.2 2301 105 24 8 28 2.5 7 ' 0.04 1.08 0.4 

0.
068

1 
16.6 

I r I 
523 PROFILING 120 8.1 42.4 3341 169 

_ 253~~ 
12 35 3.7 30 

121 
0.04 0.04 1 0.019 18.2 

524 PROFILING 140 6.6 541 324 108 16.4 54 . 0.84 63, 8.3 0.13 
10.11 

0.39 0_01
1 

9.4 
- f 525 PROFILING 150 8.2 103.1 700 ,454 39.6 60 107 10 107

1 

27. 0.01 0.03 3 
0_

01
1 

8.7 
526 PROFILING 180 8.1 586, 3630 

I 494 225 327 431 i 29.3 1314 299,1 0.09 _ 90.48 1.9 0.025 23.6 , . '1-- -

527 PROFILING 120 8 266

1 

1653 499 

;;1 
102 240 19 288 29<'1 0.07 

1.

52

1 

2.5 0.019 23.9 
- -

528 PROFILING 120 
-- - - I 

2931 529 PROFILING 160 7.9 194
1 

995 130 22 242 7.1 

~~~I 
0.05 0.56 5 0.017 1 11.9 

530 PROFILING 150 8.4 2111 1368 415 52 275 
9.51 -

179
1 

0.05 6.24 3.7 0.019 14.3 

1441 
... 

5HI--

- -

531 PROFILING 120 6.8 968 81 65 154 4.3 124 88 0.01 8.3 0.66' 1.81 15.5 
532 

- --

PROFILING 
-

6.4 66 1 1 15 3.1
1 

0.04 160 11.4, 13 3 1.32 0.1 0.041' 16.5 
533 PROFILING 120 I 7.7 

1-
151 9 7 21 17 4 0.04 0.96 0.2 O.G1S 15.2 I .23.81 2.8 

-

I 
- . 

534 PROFILING 160 6.9, 12.1 65 19

1 

1 1 15 4.1 12 7 0.04 0.09 0.2 0.095 17.5 
- - , 

541 
_
418

1 
535 PROFILING 120 t 8.5 209 _ 37 20 50 3 34 11 4 1.7 0.3 0.008 17.6 
536 PROFILING 140 

I 
7.2 13.51 98 36 7.3 4.2 11.7 0.6 

18.51 
3.5 0.01 0.58 0.11 0.01 5 

- -

'-40 468i 
." -

_242

1 

48 . Y', - -

51 2.8 if 537 PROFILING 7.9 57.5 48 0.04 0.52 0.2 0.056 21.6 
-

132

1 

-

3' 538 PROFILING 120 7 25, 38 8 5 " 22 31 0.04 2.8 0,11 0.G15 13.8 
i I - r ----

I 
J - -- .-

1 539 PROFILING 120 , j 
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540' 

54'-
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562' 

563 
564"";-

565 
566 .~. 

567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 

80REHOlE 
NUM8ER AH1EA 
8203370 ' Inkarnyezi 

, , '8i0337'- Inka"'l'ezi 
" 8203372 Inka!1lfezi 

8203373 Inkarnyezi 
8203374 Inka!1lfezi 
8203375 Inkalll)'ezi 
8203376 Inkanyezi 
8203377 Inkanyezi 
8203378 Inkanyezi 
8203379 IlnkanyeZi 
8203380 A Inkanyezi 
8203381 Inkanyezi 

, , 8203382 -, InkaOyezi, 
8i03383-i\ - Inkanyezi 

- 8203384 A Inkanyezi 
8203385 Inkanyezi 

~~~;;:;l :~~:~~:~:' 
~~~~~:~ A , ,I,:~~:, .~~, :, ~: 
8203390 Inkanyezl 

8203391 A I,nka, n,yeZi 
8203392 Inkanyezi 
8203393 Inkanyezi 
8203394 " Inkanye-zi 
8203395 Inkanyezi 
8203396 Inkanyezi 
8203397 A Inkanyezi 
8203398 ,llnkanyezi 

82, 03399 " , -, I Ink, a, nyezi 
8203400 Inkanyezi 

820340'-A '!Inkanyezi 
8203402 Inkanyezi 
8203403 Inkanyezi 
8203404 j Inkanyezi 
8203405 ,Inkanyezi 

8203406 l,nkanY,ezi 
8203407 Inkanyezi 

8203408 Iinkanyezi 
8203409 Inkanyezi 
8203410" Inkanyezi 
8203411 
8203412 
8203413 
8203414 
8203415 
8203416 
8203417 
8203418 

Inkanyezi 
Inkanyezi 
Inkanyezi 

8H DATA8ASE 

I 
I STATIC I DEPTH OFI DEPTH OF DEPTH OF 

1 

WATER WATER WATER WATER 
lONGITUDE lATITUDE 80REHOlE lEVEL STRIKE 1 STRIKE 2 STRIKE 3 

3/~42 I '28(~~82 1 DEP~~ (m) ,(m",_',b3'·8i .. ·961)001I' (rTl"b,g"2

5

) 801_(m.b·g"~8'.11 (m~b:g~j3 

8l0W 
TEST 
YIELD 

(lis) 

0.58 
-0:40 
'0.14 

1.44 

31.2205 I ,28:8542 'f' 131' 

~~:~~~~ f :~:::~~~ I' ~~~ 461~4:.~6~0I' ~7~6il' 'B827
1
1" --, --

31.1938 I, ,28.8222, I 96 

31.3958 I :28.9407 I 51 44
7

',0
4

00 i 9101

1

, '110 '-- 'I, 
31.3958 j, -28.9392 1 130 

2.50 
0.94 
0.08 
0.11 31.2377 j -28.8703 I 79 4.35 82751 69 

31.2137 -28.8175 I 131 54.00 109 
31.2422 I -28.8157 I 124 14.30 98 106 
31.2667 1 -28.82~51 130 -999 
31.2892 '-28.8297, 141 _ 109.00! . 1221 
31.2753 ! -28.8192 ! 131 ,120.0.0; 1261 
31.2753 .. °.28.-8307 I 120 I -999 

31.2583 ,28.7962 t 131 1:999: 
31.2215 -28.7982 78 , 22040 i 65 

31.2323 
31.2085 
31.2022 
31.2073 
31.2118 
31.1927 
31.2172 
31.2053 
31.3973 
31.3975 
31.4327 
31.3717 
31.4172 
31.3908 
31.4802 
31.3578 
31.9195 
31.6020 
31.5893 
31.5835 
31.5735 
31.5393 
31.5522 
31.6115 
31.5428 
31.4920 
31.5008 
31.5082 
31.4918 

-28.8033 
-28.8677 

I
I -28.8645 
I -28.8868 

94 
88 
140 
124 
'78 
120 
118 
101 
86 
113 
60 
126 
121 
142 
51 
140 
61 
71 
130 
100 
136 
70 

120 
100 
41 
110 
121 
71 
118 

I 
i 

I 
i 
I 

1 

-28.8780 
-28.8582 
-28.8870 
-28.8825 
-28.8335 
-28.8228 
-28.9277 
-28.9368 
-28.9245 
:28.?508 
-28.9607 
-28.9482 
-28.8990 
-28.9953 
-28,9202 
-28.9280 
-28.9185 
-28.8993 
-28.8858 
-28.9028 
-28.8865 
-28.8470 
-28.9163 
-28.8532 
-28.9122 
-28.8893 105 
-26.8657 141 
-28.8840 11 
-28.8612 101 

41.80' 75 
f 

22.701 36 
i -999 

- 45.00! 60i 
24.00: 361 

- '" 1 :9991 

18001521 
21.001 55 
61.60! 671 

- 3:801 57 1 

0.00\ 391 
! ,-9991 

2.20[ 65[ 

B7:56i ,,109\ 
5()01 30 

19.001 ' -9~~I' 
22.48

1
, 471 

45.00 109 1 

10551 461 
28.00i 36 1 

10.001 32; 
2.61.1 41 
2.50', 71 
3.80[ 

1 
6.50 1 

29.50
1 

16.00 
64.60i 
26.001 
19.30 
18.36\ 

12
1' 

-999
1 36, 

571 
28 , 

871 

471 
85! 
41 q 

128 

I 
85

1 
I 

69

1 
95

1 81 
78 
90 
43 

92 

52 
56

1 
62 

122, 
52 

I 
97

1 

93 1 

61! 108 
85 

0.08 
0.17 
0,00 
0.08 

,[," 0.00 
0.00 

"-\' 0.00 
f 0.50 
I 0.28 
1 ' 1.00 . r 0.00' 

I
, 0.30 

0.22 

, I 0.00 
1141 0:28 

0.14 

~, 0.19 
0.10 
6.00 
0.00 
0,07 

0.08 
10.00 
0:00 
0.33 
0.19 
0.00 

82 10.00 
1.30 

62 0.22 
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0.07 
0.07 
0.50 
0.00 
Q.13 
5.00 
0.07 
Q.14 
0,17 
8.:33;, 
6.94 

PUMP 
TEST 
YIELD 

(l/s) 

0.64 
0.42 
0.28 
1.39 
-1.00 
1.11 
0.14 

I 

I
SURF,ACE LITHOLOGY 

NMP" 

I~~: " 
INMP 
fNMP 
,NGS 
NGS 

0.14 NMP 
0.06 NMP 
0.22 NMP 

NMP 
0.11 NMP 

INMP 
:NMP 

-INMP 

0.22 INMP 
0.28 NMP 
0.97 NMP 

NMP 

LITHOLOGY OF WATER STRIKE 
NMP migmatite 
NMP amphibolite 
NMP amphibolite 
NMP amphibolite 
NMP schist 
NGS 
NGS 
NMP amphibolite 
NMP amphibolite 

[

NMP gneiSS 
, NMP, amphibolite 

NMP amphibolite 
NMP amphibolite 
dolerite 
NMP gneiss 
NMP amphibolite 
NMP gneiSS 
NMP amphibolite 
NMP amphibolite 

0.31 NMP 
0.14 NMP 

, , NMP amphibolite 
NMP amphibolite 

NMP 
0.28 NMP 
0.15 NMP 
0.28 NGS 
0.19 
-1.00 

NGS 

'I

NGS 
NGS 

0.11 'IN,GS 
0.0f) NGS 

-1.00 INMP : 
, NGS ' -

0.22 Maputaland sand 
0.14 Dwyka tillile 
0.11 I'IMP 

·'-1.0b-- Karoo sandstone 
0.69 NMP • 

0.19 INMP 

:i:I~~ 
0.08 INMP 

4.44 INGS 

0.14 INMP 
0.14 NGS 
0.17 NGS 
-1.00 ,NGS 
-1.00 I NGS 

- 'NMP quartzite 

NMP amphibolite 
NMP gneiss 
NGS 
NGS 
NGS/dolerite 
NGS 
NGS 
NGS 
NMP gneiss 
NGS ,. 

NMP gneiss 
NMP gneiss 
NMP gneiss 

1 NMP gneiss/schist 
NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP gneiss 

I

NMP gneiss 
NGS 
NMP gneiss 

,NGS 
NMP gneiss 
NGS 
NGS 
NGS 
NGS 

QUALITY 
CLASS AQUIFER TYPE 

fractured 
a fractured 
a fractured' 
a fractured 
a fractured 

fractured 
a fractured 
o fractured 
a fractured 
2 fractured 

fractured 
2 fractured 

fractured 
fractured 

, featureless 
a fractured 

fractured 
a fractured 

fractured 
fractured 
fractured 
fractured 
fractGred 

o fractured 
o fractured 
a fractured 
a contaer· 

fractuljlld 
a fractured 
2 fractured 
2 fractured 

fractured 
2 fractured 
2 fractured 
2 featureless 
2 contact 
2 fractured 
a fractured 
1 fractured 
a secondary porous 
a fractured ' , 

fractured 
fractured 

a fractured 
a fractured 
a seco~dary porous 
a fractured 
a fractured 
a fractured 
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540 
541 
542 
543 
544 
545 
546 
547 
548-' 

549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 

sfit'. __ ' 
564 
5~ __ : 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 

GEOPHYSICAL 
METHOD 1 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

, PR()FILlNG' 

'PROFILING 
PROFILING 

-PROFILiNG .. 

PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

.. PROFiLING 

PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

'PROFiliNG 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

. PROFILING 

PROFILING 
PROFILING 

,. 'PROFILING 

PROFILING 
PROFILING 
PROFILING 
PROFICING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

. PROFILING 
- PROFILING 
, PROFILiNG 

PROFILING 
, PROFILING 
.. PR'OFILING 

PROFILING 
PROFILING 
PROFILING 

90 
120 
120 
120 
120 
90 

120 
180 
140 
120 
120 
120 
150 
120 
120 
120 
120 
80 
120 
100 
170 
100 
120 
120 
120 
150 
150 
120 
120 
120 
120 
80 
140 
120 
120 
80 
80 
120 
120 
120 
80 

LENGTH OF 
TRAVERSE 
METHOD21 

(m) I 
EC TDS 

. pH (mStm) 1 (mgtl) 
8.3' 63: 488 

7.41,31.31 203 1 
8 31.1 i 208l 

7.81 '24:51 1801 

8) 47j 3421 

;:~I 48~ji' '~~~,' 
8.2" 4,5 1 3201 

8 26i 207 

8.4 105.21 824
1 

8.4 54137_01 

, i'\ 
221 1711. 
51· 365, 

8.2 
8.2 
7.9 281 202! 

32i ' 244] 

291 2221 7 

I 
i71 
8.2 

8' 
~~II ~~~ 

38.8 . 282 

491 30,11' 
6,9 

8.1 345 27,6 

7.2 11', 
81 2261 

81 65.2i 

II 
8.1' 114.3[ 
7.8 1801 

6.3761 

8 2231 
8.3 _ 110.1

1 8 34 
8.1 102 1 

8.2 1 57:51 
6.6 60.91 

8.7 
7 

7.1 
7 

78i -

~~I 
6.6 11.1 i 

, 
62

1 1763
1
, 

413 
I 

2131 
982 1 

504
1 1268
1 818

1 

260 
708 
4251 
373

1 

i!ij-

Total 

(mgt!) 

6.8 i2.41 
14.4 , 

2~~1 
1271 I 

123, 

Total 
alkalinity 
(mg~) . 

234 
87 

103 
88 

115 
283 
162 
142 
114 
392 

169 

BH DATABASE 

Ca Mg Na I CI I SO. ' NH, 

(mgtl) K (mgll) I (mgt!> 1 (mgll),1 (mgtl) (mgtl) (mgll) 
30 29 58 3 48 19 0.04 
'12 1 8 

16i 4 

33 . 1.7, 31 i 3 . 0.04 

2.5/ 141 6' 0.04 35 

11[ 5 27 
121 7 83 

,17
t
, 67 

• '462',·26'1 I 10, 33 

19~~1 ~! 
34 32 144 

27 

I­
I 

- "'1 

10 64 

2.21 .. 17/ 7 0.04 
3 68 50.04 

~:~I~!II'" ~~ H~ 
s.l~! 2~ ~:~~ 
6135j 18 0.04 

1~~ ~~r: 1~1~! ~ 

'~I;;II:';: ;: 
3 

16 
7 

0.04 
0.04 
0.04 

170 27 14" 58 . '21 29 

S 
3 

8 
6 
6 

11.3 

130 '·~il ~~ ;~ ~:~j;~ 
_,~134 ,28.91 .. 2.5

71
. 50 .1.43 64 

. 136 3729' - 4.7 20i 11 

0.04 
0.04 

0.04 
0.04 
0.04 
0,03, 

0.04 

lsi 9~I,' .' 5~1- 3~; 4.~ 297'1 2~I" ~:~: 
153 33

1 
_ 14, 79 3.5 79 17 0.04 

240 39

j
l 271 215191") + 3.5 182 7 1 0.04 

14 
780 

228 . 49 52 1 5, .6"1. 244 9 0.06 
,122 44 281 71 .,' 95 51 0.01 

J~~!-~w'm ~:~+~::! ~~~I 2~~ ~.~: 
~~~ ~~I ~~I 1~; ;.~ 1~~ ~~ ~:~: 
13413.4 . 18.1! '86 2.8 92 '28 1 0.01 

:'-1~~1_,', ~4_jl~~l . ~~ ~i 
1!~1 4;1.;~11 H ' ~Il 
18 3.31 1.7 ',16:1 2.9 
48 8.5 6.1 11.6 0.7, 
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1311 

:~I 
221 

16.~ 
11.9 

32 
18 
20 
3 
8 

16.7 
5.2 

0.2 
0.04 
0.02 
0.04 
0.04 
0.02 
0011 

NO, Fe Si 
~mgtl) F (mgtl) (mgll) I P (mgll) (mgtl) 

2.9 0.4 I 0.02, 12.9 

~:~~ ~:~ i o°ci~~ 1 22~~ 
0.53 0.3! .1' 0.023 22.1 

5.2 0.3[ 0.108 21.8 
0.05 0.5 0.04 17.2 

0, ',~2,':4171 0.2i 0.193 17.9 .0.41 0.016 14 
0.2 0.014 29.5 

1.18 2 . 0,0091 9.7 

0.2 3.1 0.007 16.6 

1.9 
2.5 

6 

0.4 9.9 
7.5 

3.95 
1.28 

1.1 
0,07 

0.6 
3.03 
0.04 

0.1 
7.72 
12.4 

0.32 
1.28 

1.2 

I 
I 

0.21 
1.1 

0.21 

1.2, 

0.21 

1 

0.032 17.5 
0.014 15.1 
0.064 22.1 

0.017 
0.016 

8.6 
17.4 

0.3 0.005 16.4 
0.1 0.058 16.4 
0.2 0.08 17.7 

0.11 0.54 11.1 
0.5, 

021 
0.61 

1.
8

1 

1.71 

0.5 
0.19 

2 
0.6 

0.05 

0.0991 
0.006 [ 

0.019 1 

. 0.034 1 

0.
021

1 
0.05 

0.016: 
0.016 

19.2 

11.3 
15.6 
20.5 

16.6 
14.4 

14 
11.3 
9.3 

0.4 0.098 23,8 
1.1 0.032 13.4 
0.3 0.019 17.1 

0.49 0.03 8.7 

d 
0.31 

0.43 
0.1 

0.041 \ 13.3 
0.47321.2 

0.16 14 
0.089 8.2 

0.1 0.01 6.8 
0.25 0.5 5 
0.17 0.03 6.8 
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589 --

590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
61:f"!. 

614 
615': 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 

BOREHOLE 
NUMBER AREA 
B203419 Inkanyezi 
B203420 A-I inkanyezi 
8203421 - Iinkanyezi 
8203422 A- Inkanyezi 
B203423-A- Inkanyezi 
B203424 A Inkanyezi 
B203425A Inkanyezi 
B203426 Iinkanyezi 
8203427 Iinkanyezi 

8203428 Ilnkan)leZi 
B203429 A _ Inkanyezi 

- B203430 A Inkanyezi 
8203431 -linkanyezi 
8203432 Iinkanyezi 
8203433 !Inkanyezi 
B203434 Inkanyezi 
B203435 Iinkanyezi 
B203436 I,nkanyezi 

8203437 Il,n,kanYezi, 
8203438 A Inkanyezi 
8203439 ,Inkanyezl 
B203440A -- i Inkanyezi 

- - -8203441 - ilnkanyezi 

8203442 [Inkanyezi 
B203443 Inkanyezi 
8203444 A Inkanyezi 
8203445 Inkanyezi 
8203446 Inkanyezi 
B203447 Inkanyezi 
8203448' Inkanyezi 
8203449 Inkanyezi 

8203450 IlnkanyeZi 
8203451 Inkanyezl 
B203452 Inkanyezi 
8203453 Inkanyezi 
8203454 Iinkanyezi 
8203455 A Iinkanyezi 
8203456 .Inkanyezi 
8203457 A Iinkanyezi 

8203458 !Inkanyezi 
- B203459 - Inkanyezi 

8203460 i Inkanyezi 
8203461 I,nkanyezi 
B203462 Inkanyezi 
8203463 IlnkanyeZi 
8203465 Iinkanyezi 
8203466 f Inkanyezi 
8203468 A I,nkanyezi 

,8203469 Inkan ezi 

LONGITUDE I LA" TIT, UD,E 
(X) (Y) 

31.5663 ! -28.8997 
31.5120 -28.8882 
31.52Hi -28.8928 
31.5868 -28.8940 
31.5548 ·28.9078 
31.6037 -28.8835 
31.5750 -28.8897 
31.4283 -28.9405 
31.4392:28.9363 
31.4327 -28.9277 
31.4325 -28.9~0 

31.4328 --28.9608 
31.4747 -28.9687 
31.4692 -28.9912 
31 .4425 -28.9788 
31.2240 -28.9962 
31.2908 -j '-29.0262 
31.4795 ! -29.0158 
31.5020 I :28.9935 
31.4635 I -28.9560-
31.3067 j -29.0257 
31.2972 1 -29.0167 
31.2982 ! -29.0007 
31.4687 
31.4760 
31.3388 
31.4437 
31.3267 
31.3262 
31.3657 
31.3668 
31.3605 
3L3710 
31.3640 
31.3663 
31.2455 
31.2482 
31.2440 
31.2440 
31.3290 
31.3267 
31.3787 
31.3193 
31.4782 
31.3765 
31.4003 
31.4092 
31.4090 
31.4205 

-28.9447 
-28.9322 
-28.8705 
-28.9197 
-29.0002 
-29.0247 
-29.0294 
-28.9762 
-29.0827 
-29.0605 
-29.0357 
·29.0470 
-29.0197 
-29.0520 
-29.0657 
-29.0387 
-29.0497 
·29.0378 
-29.0328 
·29.1 033 
-29.0542 
-29.0297 
-29.0473 

-29.0547 I 
-29.0263 1 
-29.0175 

BOREHOLE 
DEPTH (m) 

121 
121 
86 
141 
121 
131 
121 
76 
81 
51 

121 
121 
81 
67 
96 
96 
126 
61 

101 
131 
131 
121 
121 
121 
105 
119 
90 
61 
76 
116 
51 
78 
61 
121 
76 
121 
121 
41 

121 
86 
121 
56 
51 
51 
61 
61 

131 
121 
51 

8H DATA BASE 

DEPTH OF DEPTH OF 8LOW PUMP 
TEST 
YIELD 

WATER WATER 
LEVEL i STRIKE 1 STRIKE 2 

(m.b.g.1) I (m.b.g.l) I (m.b.(j.I)_ 
5.00 421 _ !j9 

-999 
30.80 51 1 -

1 -999 

1 

28.30
1 

4.00 
0.00, -- I 

1 

I 
6.551 

30.00 Ii 
43.80 
37.70j 
73.00: 
10.501 

0.701 , 
I 25.00

1 
- 21.801 

36.
80

1 
19.60 

-4.101 
- " I 
18.10

1 39.70 

51.50 1 

14.30 1 

32.401 

10.451 

17.101 

_ 52.001 

12.30
1 

36.70'[ 

44.001 

18.40,1 
25.20 

_21,05 1'_ 
29.60 

5.80, 
20.55! 

I 
'-

15.201 

-999 
-999 
-999 

;H-
::;!I-

7~1 
73 

1151- -

~~I 
-9991 

" ~9;fl 
, 471 74 
~999 - _ 

~;I 
62

1 

~~I' 
23 
49

1 

-9~~1 
20 1 

-9991_ 
62 
69 
30 
33 
29 

!:r-
1201 

-999 1 

281 

17 
51 
82 
77 

77 
92 

78 

60 
73 

69 
46 
59 
62 
5 

23 

66 
106 

WATER TEST 
STRIKE 3 YIELD 
. (m.b.g. l) I (lis) (lIs) 

0.19 
SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 

_ 11.21 0.20 

'Id:~~ 

I 
0.00 
0.00 
0.00 

I 
0.00-

72 _ ~:~~ 
1

_ 1.38 
0.00 

r _ -o~oo-

0.25 

NMP': 
NGS 
NGS 
NMP 

- NMP 

NMP 

0.44 'I~~~ 
0.19 INMP--

1.38 iNGS. 

INMP 

I _0.10 .t _ 0.22 
1 0.25 0.28 
i -0.13 0.11 

-I~~ 
1-
Idolerite 

INMP 
INMP 
iNGS --

0.22 J 0.22 
i 0.58 1 0.44 

, 1.54 11.67 
84\ 1-.11_ - '0.56 

0.00 I 
I 0.07 

Idolente 

1~~;Shale 

1_ 0.00 1 

: 0.33 -I' 
1061 1.50 -1-

103 

0.22 
(,.00 

0.09 
2.00 
0.50 
3.88 
0.67 
0.24 
0.26 
0.00 
0.42 
0.00 
0.00 
1.67 
0.00 
0.72 
0.22 
1.67 
0.20 
0.67 

'1- 0.27 
9.33 
0:08 

I -0:00, 

0.33 
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0.11 I~~~ 
0.08 INGS 

0.97 _ -jNNMMPP' 
0.19 

jdoierite 

0.17 -INNGGSS'­
-1.00 
0.50 NGS 
-1.0p ,NMP 

:EI:~: · 
INMP 

I
NMP 
NMP 
NGS 

1.94 NGS 

0.56 
0.19 
0.08 
0.19 
0.69 
0.36 
0.33 
om 

0.55 

NMP' 

NGS 
NGS 
NMP 
NGS 

I_~,~ka ,tillite 

dolerite 
jNMP -

INMP 
,dolerite 

NMP amphibolite 
NGS- -

NMP gneiss 
NMP gneiss 
NMP amphibolite 

)

NM, pam, phibolite 
NMP amphibolite 
NMP gneiSS 
NMP gneiss 
NGS 
NMP gneiSS 
NMP gneiss 
NMP gneiSS 

I ~, ~; gn, eiss 
NMP gneiSS 
NGS I Dwyka tillite/shale 

_ j' Ecca shale/sandstone 
NMP amphibolite 
NGS 
NGS 
NGS 
NMP gneiss 
NMP gneiss 
dolerite 
NGS 
NGS 
NGS 
NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP granite 
NMP granite 
NMP gneiss 
NMP gneiss 
NGS 
NGS 
NGS 
NGS 
NGS 
NMP granite 
NGS 
Dwyka tillite/NGS 

I
NMP gr;lnite 

_ NGS/NMP granite 

I 
NM,P, amphibolite 
NMP granite 
NGS 

QUALITY 
CLASS AQUIFER TYPE 

o fractured -
featureless 

o fractured 
fractured 
fractured 

o 
o 
o 

o 

I 
f,rac,ture, d, 
fractured 
fractured 

l
'seCO,nd,a, ry porous -
fra~tured _ 
fractured 
fractured 
fractured 
fractured 

2 fractured 
o fractured 
o fractured 
3 contact 
3 Icontact 

o 
2 
1 

o 

o 
2 
o 
o 

2 

1 fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fr~~tured 
fr;'ctu;~d 
fractured 
fractured 
fractured 

I
, fractured 
fractured 
fractured 
fractured 

I 
fractured 
fractured 
i featureless 

I 
fractured 
fractured 

1 

fractured 
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o 
o 
o 
o 
2 
o 
2 

I 
fractured 

I secondary porou~ -
fractured 

I 
contact 
seco,ndary porous/featureless 
contact 
fractured 
fractured 

o fractured 



LENGTH OF 
mAVERSE 

GEOPHYSICAL METHOD 1 

589 
590 

METHOD 1 
PROFILING 
PROFILING 

591 PROFILING 
592 _._-_. ~- PROFILING 

593 --- - PROFILING-

594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604-

605 
606 
607 
608 
609 
610 

- -

PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

'PROFILING 
-PROFILING' 

PROi=/I':ING 
PROFILING 
PROFILING 
PROFILING 

'PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

611 --PROFILING 
, -

612 PROFILING 
61_3E~ :~-- ~ PROFILING 
614 PROFILING-
615 6 {6 '"X -- ---

--_ .. _---
617 
618 -_._--- ~-

619 
-- ._---

620 
621 -. -

--PROFILING 

PR()FILING 
PROFILING 
PROFILING 

'PROFILING 

PROFILING 
622 PROFILING 
623 PROFILING 
624 -- '" -- PROFILING 
625 - -- - -- PROFIl.ING 
626 -" -- -.- _ .. PROFILING --

-'-

(m) 

120 
120 
90 
120 
120 
120 
120 
160 
120 
120 
120 
160 
120 
120 
80 
120 
120 
170 
100 
150 
150 
150 
120 
140 
80 
150 
220 
120 
170 
120 
120 
120 
80 
120 
120 
120 
180 
120 

627 PROFILING 120 
628 - ---PROFILING 120 

629 
630 
631 
632 
633 
634 
635 636 
637-

PROFILING 
PROFILING 

, - ,-PROFILING 

PROFILING 
PROFILING 
PROFILING --

,-
PROFILING 
PROFILING 
PROFILING 

120 
120 
120 
120 
120 
120 
120 
120 
120 

I 
LENGTH OF 
TRAVERSE 

GEOPHYSICAL I METH, O,D21 
METHOD 2 (m) 

- - -.-- --

r 

, 

I 1 Total 

EC ,I TDS I hardness 
pH (m,S/m) I (mg//) " (,mg//)-

'.7 ,312.38 __ 

8.1 44[ 328 

1-----
8.2 
8.4 

7.61 

8.;[ 

501 425 
511 398 
17J 99 

I 

~!1! ~~;I 
8.31 
7.1 
8.5 
8.1 
8.2 

192 13001 

~6~~1' 2~~!lt--
288 2318 
-'I ' 
13.7, , 82 f 
II 

101 82 
1431 979. 
1031 -754 

,) 103r 

- 31
1 1,96'[',".-

13.6 1 99 
24.41 154 

76i 6471 

26.81 2181 
21.3, 1991, 
- 1 , ,1-, 

20

1 lBl 
'-,-~5,;.'531-,1-' 10.91

64

1--

6'3lHII'-l~~ 
6.3 30 124 
7.5 193 125 

- " 

--,-

7.2 19.71 166 
5 401' 805 

5.7116.11 132~ 

6.3 i 12.5! 110! 

:-

BH DATABASE 

Total 
alkalinity Ca Mg Na CI SO, NH, NO, Fe Si 

(mg//) (mgl/) (~g/l) (l11gl/) .K (m\11/) (mgl/) (mgl/) (mg//) (mgl/) F (mgl/) (mgl/) 'P (mg//) (mg//) 
-- -'-84 11 8 44 4 47 18 0.04 0.4 0.2 0.02212.9 

110 

195 
194 
22 

33 

22 
19 

5 
, -

20 32 

-'-

12 88 
-'-

14 71 
2 22 

3 
3 
5 

56 
40 
26 

! 

20 

3 
12 

3 
-- , 

0.04 

0.06 
0.04 
0.04 

1.4 

0.4 
0.1 
2.6 

20 - 8"-' 78 

14 12 95 
120 64 207 

~~41~; 1172~ 
--r ~~;12:~ -~:~~ -

__ .1-9
4
l17

1
.6
5 

2.9 0.17 

1.1 
a 
a 

0.06 
a 

0.5 
o 

144 
238 
512 

'51 1 1011 765 

341 _251 729 

207~~ 3.9
1 

20 

7, 1352 - - ~:I- ~:~: 
61 853 42 2.05 

I 19 ,- 3.9 ' -0~02 
- -I 

I 

8 1.2 
343 36 
102 39.5 

1.5 
36 
41 

<,32 -- 5 4 
- - 100 24.3 7.4 

18 3.92 3.27 

14.3 
221 

1.8 
20 

2.21 23 
3 _2441 

87 - 5:85 134 50
1 

21 
20 

18.3 

4 26 3 
1.61 18.5 13.4 
2.96 26 8.2 

-, 94_26.5

1 

__ 8.2 --,2

4

1

1

-,5--.• ;1,1----' }0:l.8~ 1;~ :1~:: 

~ ·1: . :'! "'I . °'::11 

6.: 
50 4.3 2.2 35.5 _ !3..9! 20 11.7 
i - _ _ _ 1 • '_I 

0.12 
0.04 
0.03 

1.8 

2.3 
0.2 
1.6 

0.04 __ 0.21 
0.02 5.3 
0.01 2.06 
0:01 0.05 
0.02 10.3 
0.02 0.5 
0.01 0.75 

0.01 2.1 

6 1.7 1.5 12.7 2 15 
. I 

4.8 , 0.01 0.79 

:: :::1!16~~ i~.~ _ :3:~ _::.: :~:~ 
86 16.7 8.7 24[ 8.9 30 11.9 

288 42.9 58 c, ',290 _ 1.9 486 41 
50 5.9 5.7 18.9 2.9 25 9.1 
2 -0.6 1 10.6 2.3 _ 10

1 

4.8 

28 7.7 l.4
C
·"l' 6~.'21 i - 1.4 25 i 6.7 

12 2.2 -1.3 ,[ 5.1 31 i 4.1 
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0.01 
0.1 

0.01 
0.01 
0.02 
0.02 
0.01 
0,01 

0.01 

0.21 
4.7 

0.78 

0.01! 
11.4 
1.3 

0.78 
0.47 

0.25 

0.9! 

I 
0.71 

::1 
0.4 
0.2 

1 
0.19 

0.4 
0.5 , 
0.8 

0.06 

0.11 

0

1

2: I 
0.2 
1.2 

0.05 
0.66 
0.08 
0.68 
0.54 

3.1 

0.06 

0.36 
0.19 
0.49 
0.39 
0.93 

0.21 
0.03 1 

_ 0.281 

0.14! 

0.136 17.1 

0.06 18.1 
0.024 17.2 
0.195 

0.146 
0.024 
0.013 

0.16 
0.025 
0.091 

0.257 1 

0.07 

10.9 

24 
23 

16.4 
6.4 
7.9 

15.9 
7.8 

8.9 

0.07 1.1 
0.016 10.6 

0.28 9.8 

0.053 9.7 
0.12 10.1 
0.03 3.7 
0.05 

0.
02

1 0.05 
0.19 

0.3 

0.17 

1.07 
0.15 
0.07 
0.02 
0.01 

3.7 
8.2 
6.9 
2.1 

6.2 

3.5 

5 
14.2 

8 
il.9 
6.6 

0.04 4.5 
0.03

"

, 5 
0.1 4 

om 4 
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638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 

66j" __ ... 
66~:,;:; . 
663 
664 ' 
665""'-

666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 

BOREHOLE 

NUMBER . i AIlEA 
8203470 A J Inkanyezi 
B203471 j',nkarnyeZi 
B203472 A Inkarnyezi 
B203473 Inkllll)'ezi 
B203475 A Inkanyezi 
B204170 Nkandla 
B204170 A Nkandla 
B204170 B 1 Nkandla 
B204171 iNkandla 
B204172 A Nkandla 
B204173 I Nkandla 
B20417 4- I Nkafldla 

. 8204175 i Nkandla 

B204176 A II Nkandla 
8204176B - Nkandla 

B204177 I Nkandla 
B204178 I Nkandla 
B204179 I Nkandla 
6204179 A ! Nkandla 

.. B204180" iNkandla 

B204180 A : Nkandla 
B204180 B I Nkandla 
B204181 INkandla 
B204181 A I Nkandla 

I
, Nkandla 

Nkandla 

B204183 A iNkandla 

B204182 
B204183 

B204184 'I Nkandla 
B204184 A' Nkandla 

B204185, I Nkandla 
B204186 Nkandla 
B204186 A' I Nkandla 

INkandla 
B204188 A I Nkandla 

B204188 B ilNk.andla 
B204189 Nkandla 
B204189 A INka'ndla 

B204190 I Nkandla. 
B204190 A Nkandla 
B204191 Nkandla 

B204192 INkandla. 

B204187 

B204193 Nkandla 
B204194 Nkandla 
8204195 Nkandla 
B204196 
B204197 
B204198 
B204199 
B204218 

iNkandla 
iNkandla 
INkandla 
,Nkandla 
iNkandla 

LONGITUDE 
(X) 

31.4252 
31,2590 
31.2793 
31.4468 
31.4675 
31.8972 
31.8897 
30.8894 
30.8897 
30.8897 
30.8578 
30.6861 
30.7011 
30.7047 

. 30.7050' 

30.7986 
30.7303 
30.9336 
30.9328 

-30.9617 

30.9625 
30.9628 
30.9767 
30.9772 
31.0161 
31.0614 
31.0600 
31.0714 
31.0700 
31.0550 
31.0622 
31.0625 
31.0731 
31.0942 
31.0944 
30.7611 
30.7608 
30.7717 
30.7694 
31.1142 
31.1142 
31.1331 
31.0964 

. 31.0822 

31.1358 
31.0858 
31.1003 
31.1106 
31.0886 

LATITUDE BOREHOLE 
(Y) DEPTH 

.29.01971 - 121 

.29.0468. I 66 
·29.0788 I 121 

.29,.0553'1' 76 
·29.0617 121 

.28:81421 121 

:;~:~~~~ I! ~!~ 
·28.8397 146 
·28.8567 146 
·28.8~19 103 
.28.71421' 102 
·28.7272 103 
·28.7203 I 150 
:28:7206 1- 150 
-28.7139 i 121 
-28.7222 i 131 
-28.7961 I 141 
-28.7936; 141 

-28,.787B

1

1 120 
-28.7878 ' 150 

. -28.7883 150 

-2.8.7922.1 120 
__ 28.7892 ,_ 150 

-28 . .8461. i 125 
-28.8333 i 102 
:28.8333 I 150 

-28:82721 150 
-28.7942 150 

-28:a100 i 102 
-28:8094 1 150 
-28.81031 150 

-2.8.8067 I' 140 
-28.8139 140 

-28.82361 140 
-28.7778 i 130 
-28.7775 : 150 

:;~. ~j:~~ .(i ~ ~~ 
1-28.6611 90 

! -28.6497 66 

\ -28.6358 i 102 

I 
:28.6031 I 96 
-28.6058 ' 114 . 

-28.5606 90 
-28.5628 150 
-~8.5608 96 
-28.5442 144 
-28.5225 102 

BH DATA BASE 

STATIC DEPTH OF DEPTH OF DEPTH OF BLOW 
WATER WATER WATER WATER TEST 
LEVEL STRIKE 1 STRIKE 2 STRIKE 3 YIELD 

PUMP 
TEST 
YIELD 

(rTl:b'!l::il. _ (rn~b:~~~91 
22.301 . - -50 

(m~b:g~O __ (mcb'9.1) (lis) (I/s) SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 

j 
-9991 

14.74 _ 30 
I. -:999 .... 

~.8.20J 39 

j
' -999 

. -999 

59.33 103 

, -,,9,,99'1 30.581 56 

21.711. 90 

10.00, 
60

1 

I ~99. 9 
-999 

35.001 961 

~~::f" -11;[' __ ' 

... l -- -999, 

19.00 I ..68 ~- -

-I' -999, 
-999 

42.10 

19.90 

41.001 

18.20 

. i6.3C 

20.50 

l~:~~j . 
8.

70
1 24.40 

9.50 

14.001 
39.60 
67.45 

92 
, -999 

65 
601 

-999

I

i-
, 137 . 

-999 

:9~~1 
57, 

-9991' 
-999 

-.~~~il! 
--:999 

65 

_~~I 

~~i 
401 
32

1 96' 
9E11 

83 

113 

I 

661 - --- -

I 

I 

0.00--

6.66 
0.00 
0.12 
0.00 
0.33 

-. 0.00 

0.00 
0.18 
0.00 
1.54 
0.28 

I
dolelite 

:1.00 - NGS-' 

NGS 
0.14 dolerite 

0:08 

0.06 

0.42 
0.07 

Dwyka -tillite 
Maputalanci-sand 
Mapuialandsand 
NMP- -

NMP' 

\NMP 
NMP 
NMP -

{O.OO .. 4:50' Dwyka lillite 
0.00 NMP .. 

0.00 
0.50 
0.15 
0.13 
0.00 
0.10 

+~:~~ 

I~~ 
0:00 
2.00 
0.00 

0.76 
0.07 
0.00 
0.17 
0.00 
0.00 
0.41 
0.00 
0.10 
0.00 
0.06 

. -1:53--

0:74 . 
--1:82---
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2:92 
1.17 

-6.10 

6.42 
0:04 
i20' 

0.14 
0.05 
0.06 

0.07 

0.70 

0.27 

I~:shale 

I ~~:-NMP 
NMP 
NMP 
NMP 
NMP 

0.07 . NMP 

0.14 

0.80 
0.07 

0.05 

\ 
0.20 

0.14 

NMP­

NMP 
NMP 
NMP 

NMP 
NMP 
NMP 
NMP 
NMP 
dolerite 
dolerite 
dolerite' 
dolerite 

o.oi - NGS -

0.42 
0.33 
0.80 
0.90 
0.55 
0.08 
0.50 

NGS 
dolerite 
Dwyka tillite . 

I 
DWYkiltillite.­
Dwyka tillite. . 
Dwyka tillite 

I 
Dwyka tillite 
Dwyka tillite 
D ka tillite 

NGS 
NGS 
NGS 
NGS 
NGS/dolerite 
NMP gneiss 
NMP niigmatiie 
NMP 'amphiboliie 

NMP amphibolite 
NMP gneiSS 
NMP amphibolite 
NMP -schist ." . 

NMP amphibolite 
NMP gneiss 
NMP gneiss 
NMP schist 
NMPamphiboliie 
NMP amphibolite 
NMP amphibolite 
NMP amphibolite 
NMP amphibolite 

. NMPamphibolite 
NMP gneiss 
NMP gneiss 
NMP gneiss. 
NMP gneiss 
NMP amphibolite 

,NMP gneiss. 
NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP gne.iss 
NMP gneiss 
NMP gneiss 
NMP gneiss 
Ecca shale 
Ecca shale/dolerite 
dolerite 
Ecca shale/dolerite 
lng/dolerite -

Dwyka ti IIi te/lng 
lng 
Dwyka tillite 
Zng 
ld 
Dwyka tillite 
Dwyka tillite 
ld 
NGS 

QUALITY 
CLASS AQUIFER TYPE 

fractured 
fractured 
fractured 

o fractured 
fractured 
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3 secondary porous/featureless 
fractured"- '-'-,- .. -. -----, 

fractured 
fractured 
fe~llureless 

o fractured 
2 fractured 

fractured 
fractured 
fractured 

3 fractured 
2 fractured 
2 fractured 

fractured 
2 fractured 

fractured 
featureless 
fractured 
fractured 

2 fr~ctured . 

2 fr;ctured 
fractui'l!d 

o fractYjPd 
fractured 

fractured 
fractured 
fractured 

3 fractured 

2 

o 

o 

fractured 
fractured 
fractured 

I 

contact 
fractured 
contact 
contact 
contact 
secondary porous 
fractured 
fractured 

o fract~red 

o fractured 
o fractured 
o fractured 
o fractured 



638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653~ 

654 
655 
656 
657 
658 
659 
660 
661 
66f~~- -

663-
664:;;--~ 

665 
666 

LENGTH OF 
TRAVERSE 

GEOPHYSICAL METHOD 1 
METHOD 1 
PROFILING 
PROFILING 
PROFILING 
PROFILING 

- -PROFILING 
VLF~ 

VLF 
VLF 
VLF 
MAG 
VLF 
VLF 
VLF 
MAG -

MAG 
MAG 
MAG 

(m) 

120 
170 
140 
80 
120 

,- - ~;~ 
180 
350--

350 
330 
490 
450 
150 
150 

\~_ 250 
130 
110 
110 
90 
90 
90 
175 j 

I LENGTH OF 

j

TRAVERSE-

GEO_ P_HYSICAL M_ E_THOD21 
METHOD 2 ___ (rn) 

I 
I 

I 
i 

-- I 

I 
! ---
I 
I 
I ~ 

i" 

I 
i 

VLF 
VLF 
VLF 
VLF 
VLF 
MAG 
MAG 
MAG 

1--- I-

VLF 
-VLF ----
- VLF -

VLF 
Vl:F-

100 
100 
80 
80 

I 
-] --

-- .. -

Total 
EC TDS hardness 

pH~ (mS/m) (mg/I) I (mgjO 

:.: _ 4::_:L~:l 
7.6 227 -h448 

I 8.2 136 913_ 

8.3 
8 
8 

42 
158-
65 

287 
1241 i 
548 I - ---j 

8 101! 844 I 
8 -~5()- I 942141 -, l-~--~ 

82 126 I 
8 127 61 ~98 

---- l ~ ~ I - . 
8.6 185_ I 670 

I _ 
213 j_ 1287_ 
182 1118 

l:: 
! 

667 
668 
669 

---y 
VLF 90 

90 
260 
100 
100 
110 
110 
200 
200 
200 
200 
170 
200 
120 
210 
150 
150 
200 
35() 

\MAG 7.7 62.9 -I 467 
8 98 I 725 

670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681-
682 
683 
684 
685 
686 

VLF 
MAG 
VLF 
VLF 
VLF 
VLF 
VLF 
VLF 
VLF 
VLF 
VLF 
MAG 
VLF 
VLF 
VU= 
VLF 
VLF 
VLF 

-or: 
I i ~ 

I 
I-
I 

tAG 
IMAG 

iMAG 

--

8 

8 

-- 1 6,3 

I -~~~ 5.9 
- 1_6.5 

_1401 7.7 
150, 6.3 

3~01 ~:~ 

- ---
300 2236 

:1::: 
5.761_. 75 13.5 112 
10.8 107 
9.9 93 

H:ll ~~~ 1 
15.9 i -~~~-l 
31.3 I 228 
16.3 132 

... -

,--

BH DATABASE 

Total I 
alkalinity Ca Mg Na CI I SO, NH, NO, Fe Si 

~(m2~) (rT12/ll.lmg~>. (f11!li!l_ K(rng!l) (mg/O, Lmlt"D !mglO (mglOF (mg/I) (rllglOP (mg/I) (mQIO 

257 
364 

138 

164 

12 2.8 1.1 10.1 

32 38 34 

430 75 135 

-------

51 31 61 

26 -- 8 - 48 
- -

0.6 8.7 

1.5 11.9 6.1 om 

- I 
2.4 
5· 

34 
49 

7 
: 12 

0.04 
0.04 

-17 128 1277 0.04 

2.2 
0.7 
0.3 
1.2 
0.9 

63 

11 

6.1 
16.6 

13 0.04 

3 110_.04 

2.8 0.02 
2.8 0.01 

7.6 2.8 L 0:02 
6.6 2.8 Lom 
7.8 2.8! 0.02 

13:2 5.8-i-i3-1.1.9.2 2.8 
10 3.9 16.5 0.5 5.9 2.8 

49 6 3.7 .i-8.6 -- ffi - 12.9 2.8 
2.8 
2.8 

0.01 
0.01 
0.01 
0.03 
0.04 ~~ r9\~~~9~ilf 1.~6 !{~:~ 
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0.18 

o 
o 

1.25 
8.7 

0.5_1 

19.1 

5 

0.21 

0.06 

2.9 

0.3 
0.7 

1.9 

0.3 

0.2 

0.3 
4.6 0.06 

0:76 0.05 
0.4 
0.78 
1.4 

0.18 
0.97 
0.79 

2 

0.11 
0.07 
0.09 
0.23 
0.23 
0.09 
0.08 

-

0.06 

0.05 

0.018 

0.013 

0.013 
0.013 
0.006 

0.009 
0.045 
0.013 

0.016 
0.013 

0.01 

0.009 

0.022 

0.01 
0.01 
0.02 
0.01 
0.06 
0.01 
0.02 
0.14 
0.28 
0.14 

2 

9.9 
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687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711·~-

712 
713,~ 
714 .. 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 

BOREHOLE 
NUMBER 
B204219 
B204220 
8204221 -
B204222 
B204223 
B204224 
B204225 
B204226 A 
B204226 B 
B205200 
B205201 
B205202 

AREA 
NkanrJla 
Nkandla 
Nkandla 

I ~k.·.::f: Nkandla 
Nkandla 
Nkandla 
Nkandla 
Mapumulo 
Ma!"'.mulo 

_ Mapumulo 
B205203 Mapumulo 
B205204 Mapumulo 
B205205 A Mapumulo 
B205205 B j Mapumulo 

B205206 I MaPU .. mulo 
B205206 A - Mapumulo 

B205207 A_I Mai>umulo 

B205207 13 I Mapumulo 

B20520fl MMaaPpuumm-uUlloO­
B205209-

B205210 1 Mapumulo 
- B2052'-1 - Mapumulo 

8205215 ",- Mapumulo 

B205216 
B205222 
B205225 
B205228 
B205229 
B205230 
B205230 A 
B205231 
B205232 A 
B205234 
B205236 
B301293 A 
B301294 
B301295 -

B301296 
B301297 
B301298 
B301298 A 
830i299 
B301300 A 
B301300 B 
B301301 
B301302 
B301302 A 

Mapumulo 
Mapumulo 
Mapumulo 

1 Mapumulo 

I
Mapumulo 
Mapumulo 

_ Mapumulo 
Mapumulo 
Mapumulo 
Mapumulo 
Mapumulo 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 

,Madadeni 

LONGITUDE I LATITUDE Ii BOREHOLE 
(X) (Y) DEPTH (m) 

31,0956 ·28.5147 1 120 
31,0694 ·28.5108 1 102 
31,0647 ·28.5161 72 
31.0617 ·28.5878 i 102 
31.0725 ·28.5936 I 126 
31.0294 ·28.6003 I 102 
31.0053 ·28.6278 I 102 
31.0147 ·28.5447 1 150 
31.0147 ·28.5450 ! 150 
31.2264 
31.2447 
31.0489 
31.1608 
31.0375 
31.0358 
31.0972 
31.0533 
31.0578 
31.0419 
31.0431 
31.0353 

- 31.0453 

·29.1550 : 
·29,16@11 
·29.0869 i 
·29.1794 : 
·29.2275 ' 
·29.2317 
·29.1406 
·29.1956 
·29.1933 
·29,1956 

I ·29.1958 
I ·29.2717 

r ·29.2433 

31,0647 :29.19361 
31.0667 ·29.2028 
31.0486 ·29.2150 1 

31.0247 1 ·29.2283 !-
31.0175 II .29.113251 
31.0108 .29.1792 1 

31.0972 _ ! .29')0,40611 
31.1314 1 ·29.1458 
31.0986 ,·29.1081 

31.1086 ·29.120B I 
31.0261 '_29.-1825 I 
31.0547 ·29.1850 'I 

31.0675 ,·29.1697 
31.0986 i -·29.1892 I 
30.1681 ·27.8753 I 
30.1983 ,- ·2i870B 1 

;~:~~~~ i :~~::~:~ i 
30.1264 ·27.9633 1 

30.2536 ·27.9533' 
30.2536 ·27.9533 
30.2414 ·27,8333 
30.1486 ·27.9569 i 

- 1 

30.1514 :27.9550 1 
30.1250 ·2;7.9681, 
30.Wll ·27.822i l 

I - 30.1606 --27.8300! 

101 
95 
140 
81 
121 
150 
150 
80 
150 
150 
150 
'120 
120 
150 
105 
150 
90 
81 
121 
150 
150 
90 
150 
121 
110 
84 
71 
120 
90 
120 
90 
102 
120 
120 
120 
132 
120 
102 
120 
120 

STATIC 
WATER 

15.80 
32.14 
46.60 
29.35 
14,90 

, 
1 

77.30 1 

59.-20 i 
56.70 1 
32.001 

40.84 1 

1 

43.701--

1 

I 
-54.90r 

59.021 
32.301 .- I 
25.05, 

5.80( 

47.
301 

74.87 

37.9°1 

67.30
1 

53.20 

53.501 

1 

43. 15
1 

19.50 
1 

=4.191 
7.241 

9.341 
4.73

1 
1 

I 
6,51 i 

2.10) 
17.071 

1 , 

BH DATA BASE 

DEPTH OF DEPTH OF BLOW 
TEST 
YIELD 

WATER WATER 
STRIKE 2 
(m,b.g.!) 

STRIKE 3 
(m.b,g.1) (lis) 

0.08 
0.32 
6.00 
1.00 
0.33 
0,57 
1.33 
(i.oo 
0.00 
0.10 
0.48 
0.17 
6.90 
0.24 
0.00 
0.00 
0.05 
0.00 
0.00 
0,00 

72 
·999 
·999 

62 
76 

691 
51 ; 

961 
·999' 
.999 1 

57! 
.9991 
·9991 
:999 1 

96f 
88

1
' 

35 
-27' -

.9991 
301_ 
59

1 30, 

461 
136

1 
59 

·9991 
_ 51

1 
.9991_ 

48 

291 
:9991 

-~;j 
57' 

171 
.999

1 
·9991 

65 1 
·999' 

--.9991· 

32" 
30: 

.999! 

631~ __ 
64

1_-

1 

-I 

I 
83

1 

54
1 

I 
69

1 

I 
104 

82 

82 

115 

t 
-I 

I 

I 
-I 

I 
; 

I 
1 

I 
--1-

1 
6.6C) 
0.10 
0.10 

--0.10 

0.00 
0:19 

=1-1.00 

I 
0.10 

I 0.10 

0.10 

I 

0.06 

72[ _lOll r ~:~~ 
0.00 

37 
87 

45 

78 

1 

43 
108! -

0.11 
'0:10 
0.00 

-1.70 
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0.80 
-3:00 

5.00 
0.00 
0.00 
0.20 
0.00 
0.00 
0,90 

_ 0:50\ 
0.00 

PUMP 
TEST 
YIELD 

(lis) 

0.18 
0.14 
2.08 
0.19 
0:06 
0.22 
0.81 

I
SURFACE LITHOLOGY 
Dwyka tillite 
Dwyk~ tillite 

LITHOLOGY OF WATER STRIKE 
Dwyka tillite 
NGS 

-0.10 

0.30 
0.10 
2.00 
0.15 

0.10 

1.50 
0.10 
0,10 

f- 0.10 

0.15 
3.00 
0.10 

DWyka tillite - --

Dwyka'tillite 
Dwyka-tillit,,-

Zn 
Dwyka tillite 

I
do,ente -

dolerite 

iNGS 

I~~; 
NMP 
NMP 
NMP 
NMP 
NMP 
iNMP 

I~~: -
INMP 

INMP 
NMP 
NMP 
NMP 
NMP 
NMP 

0.10 .NMP 
0.10 
0.10 

NMP 
NMP 
NMP 
NMP 
NMP 
"IMP 
NGS , 
Ecca sandstone 

0.30 Ecca sandstone 
0.30 Ecca sandstone 
2.00 Ecca sandstone 

-2.00 -- Ecca sandstone 

Ecca sandstone 
Ecca sandstone 

0.10 Ecca sandstone 
dolerite 
dolerite 

0.30 Ecca sandstone 
0.30' Eccas,mdstone 

Ecca sandstone 

Dwykatillite 
Dwyka tillite 
Dwyka tillite 
Zn 
NGS 
Dwyka tillite 
Dwyka tillite 
NGS/shale 
NGS .-

NMPgranite 
NMP granite 
NMP granite 
NMP granite 

_ NMP granite 
NMP granite 
NMP granite 
NMPgranite 
NMP granite 
IIIMP diorite 
NMP granite 
NMP granite_ 

__ NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMPgranite 
NMP granite 
NMP granite 
NGS 
Ecca sandstone 
dolerite 
Ecca shale/sandstone 
Ecca sandstone 
dolerite/Ecca sandstone 
Ecca sandstone/shale I Ecca sandstone/shale 

iEcca shale 
dolerlte/Ecca shale 
Ecca shale/sandstone 
Eccashale/s,mdston;,-

Ecca shale/sandstoneidolerite 
Ecca sh-ale/sandstone 

QUALITY 
CLASS AQUIFER TYPE 

fractured 
2 fractured 
o fractured 

fractured 
o fractured 

fractured 
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2 
2 
o 

I

fractured _ _ _ . : 
fractured 
fractured 
contact 
Ifra~tured . --__ _- ~_ 
I fractured 
secondary porous/featureless 
fractured 

fractured 
fractured 

3 
1 
o 
o 

o fractured 
featureless 
featureless 
featureless 
fractured 
fractured 
fractured 
fractured 
fra,ftured 
fractured 
fractlJrE!'d 

fractuJil'd 
fractured 

o 
o 
o 
o 

o 

o 
·1 

2 

2 

fractured 
fractured 
featureless 
fractured 

I 
fractured 
fractured 

I 

fracture. d 
fractured 
fractured 
contact 
fractured 
contact 
contact 
featureless 

2 fractured 
cont~ct 

contact 
o contact 
2 contact 

contact 



LENGTHOFI 

mAVERSE I 
GEOPHYSICAL METHOD 1 GEOPHYSICAL 

687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697' 

698 
699 
700 
701 
702 
703 . 

7M 
705 
706 
707 
708 
709 
710 
7H::':; 
712 
713,' 
714"----
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 

-----~---

726 
727 
728 
729 
730 
iji' 
732 
733 
734 
735 

-- -_._--- ~--

METHOD 1 (m) METHOD 2 

.. ~~~ ....... ~~~ I 

VlF' I·· 200 I 
VLF 200 
VLF .. ,-. 350 I 
VLF . "200 I 

VLF 
'VLF 

VLF 
EM 
EM 

180 I 
200 ! 
200 I 
450 I 

'570 MAG 

EM 200 i 
"'EM 470 'MAG 

~~ ~~~ I~~~-
EM . ,.. 600 . 'MAG 

EM 
EM 
EM 
EM 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
VES 
VES 
VES 
VES 
VES' 
VES 
VES 
VES 
VES 

'IIES 
VES' 

VES 
VES 

590 I'MAG 
, .. 370lMAG 

.~~~ 'I'~~~ 
770 MAG 
560 IMAG 
210 I!MAG 
580 MAG 
580 [MAG 
210' iMAG 

~~~=IMAG 

~~~ iMAG . 
780 

!~~ -I~~~ 
:~~ I'~~~ 
7X 
8X 

14X I 
7X 
3X I 

~~ .• ·1' 

5X 
5X 
3X 
3X 
4X 

.. 

LENGTH OF 
TRAVERSE" Total Total 

BH DATABASE 

i 
METHOD21 

(m) 
EC TDS hardness alkalinity Ca Mg Na CI SO, NH, NO, Fe Si 

pH (mS/m) (mgll) (mg/l) . (mgll) (01gll) .(mgll) (mgl!) K(mgll) (mg/l) (mg/l) (mg/l) (mgll) F (mg/l) (mg/l~ P (mg/l) (mgll) 

5.7 14,8[130 38 5,01 3.85 20 0,95 14.5' 2.8 0,02 2.8 0.11 0,04 
6 16.7 127 56 

6.3 22.3 169 86 
5.9 22,6 ~ 175 54 
6.4 15 1115 70 
5.3 6,65 I 60 11 

5,3 2,84 I 34 

1 00 !:.~ --~i~:I~;~-~~t:;I· •• ~~~b 
f- ..160 _ .. _ 150 

220' 8,3-32.41'207 79.41 50 
220 7~85 .. 4?5 278 109,4 95 

5 

300 

11.4 6.96 12.6 
13.3 8.32 21.3 
11.1 9.2 
7.7 2.9 

0.9.1 3.3 
0.2 0.6 

15.2 
17.7 
5.9 
3.8 

16'"17' -- 87 

60 
28 
16 
30 

29 
22 

9,6 
8,4 

182 
45 
34 
43 

.300 1 , !.' 
~~~ II-I-:~ ~ .. ~ 
,;~~ 7J '11~r"759' 325 245~~~E;5 =-i28 

395 8 37,31 239 97.2 135 20[11.5 40.6 
260 6.95 47 301 144,09 .. 115.35.2 ... 1.3.7 36 

0.75 
1.34 
1.2 

7.7' 2.8 

11.8 
18 

2.8 
2.8 

6.6 2.8 
0.1 
0.5 

4" 2.8 

2.5 2.8 

21 .. 130 

4.4 210 
14 ---82 

"\."5' 45 

. 9.61 52 

2.4 
4,4 
4.2 
5.5 

I 
155 

61 
25 
17 

4.8 
27 

0.01 
0.01 
0.02 
0.02 
0.01 
0.01 

~~~ 7,95 35:6
1
_ 2281 .99,31

1

= :::_13'5 -.2?r ___ ~'§_3.41 ...... . 

200i} .=J1.9[ .. 76 1 23_-;,)2:_.:=2 :=4,3 13 .2
5

:
8
9 "7'67207 -- .. 

250 7.4_.471 301, . .99,26 _ .120 __ 20_ 1_2 56 '3.5 ." 31 19 

~:I :t! J~ :E ~:i:ll l: '_"·_1.~.l-.·.~~ .•. :. :::;l!i ,,,:::r I 
:: :: 00: onl ",:: :::. ::r '::(1::11'::: 

8,1 71, 5.241 29 300 8.3 2 161 2,3 
7.75 138 _840

1 
169 230 33 21 216 7~3 

''7,8 .. 58,8 480 140 270 32 14.5 80 1.4 
.... _- .--_. -- . , ........ -

-- .. 

142 
42 : 

16 

17 

72 
54 

277 
20 

8.05 50.6 508 2711.3 71 5.21 16.1 

' .. 

.: f;:~;I-- ]f~ ... :~~ 44 "17.-4'; 54 

30 "i3~ 1.-j65 
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-- -I 

" 

1.5 14.1 
3.7 82 

103 
10 

2.5 

4 

. {O ,. 

1 
2 

14 

6 

11 
9 

-

.. 

-

'. 

1.9 
0.72 
6:8 

0,11 
2.7 

0.38 

16 
. "0:2 

8.6 
6.5 

r-' 

29 
1.2 
3.6 

0:05 

1.2 
0.2 

0.02 
0.1 
0.4 

1.6 

2.6 

0.1 
0.1 
0.1 
2.2 

0.1 

0.1 
0.1 

3.4 
0.21 
0.11 
0.34 
0.03 
0.03 

1.9 
0.05 
0-:-05 
0.4 
1.5 

1 

I 
'1.6 1_ . 
LSI 
0.9 

0.2 . 

0.9 
0.9 
1.5 
1.5 

0.1 

0.5 

r 
I 
I 

I 
I, 

! 

I 
0.6 .0.41 i 

~:~~:6~ I 
0.2 0.01 

0.1 0.27(" 

1 
0.2 0.011 
0,6 0.29 

0.8 
0.1 

0.05 
0.05 
0.Q1 
0.01 

0.05 
0.05 
0.05 
0.05 
0.05 

I 

2.4 
19 

3.5 
17 

8,4 

I 0.05
1 

15 
0.05

1 

--, 

0.05 12 
0.05 

0.05 
0.05 
0.05 
0.05 
0,05 

0.05 

I 
0.

05
1 

I 
I, 

5,4 

15 
0.6 
2.1 
6.9 
4.9 

16.5 

9 
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736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750' 

751 
i52~ . 
753 
754 
755 
756 
757 
758 
759 
76of'! ' 

761 
762~ 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 

BOREHOLE 
NUMBER 
B3()1303A 
B301303'B -

'. , 830i304 

B301305 A 
8301306 
8302421 A 
8302422 
8302423 

- 8302424 -' 

8302425 
8302426- ,-

8302427 
83<l2427 A 
8302428 
8302428 A 
8302429' 
8302430 
8302431' 
8302432 
8302433 
8302434 A 
8302435 
83()2436 
8302437 
8302438 
8302439 
8302440 
8302441 
8302441 A 
8302442 ' 
8302443 

, 8302444 

8302445 A 
8302446 
B302447 
B302448 
8303327 
8303328 
8303329 A 
83033298 
8303330 
8303331 
830333111 
8303331 8 
8303334 A 
83033348 
8303335 
8303336 
8303338 A 

AREA 
Madadeni 
Madadeni 
Madadeni 
Madadeni 
Madadeni 

_ Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 

- Nqutu _ 

Nqutu , 
Nqutu 
Nqutu 
Nqutu_ 
Nqutu 

_ Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu .. 
Nqutu 
Nqutu, 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 
Nqutu 

Nqutu" 
Nqutu 
Nqutu 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Lad)'imiitl 
Ladysmith 
Ladysmith 

1 Ladysmith 
ILadsmith 

LONGITUDE LATITUDE 80REHOLE 
(X) , , (Y) DEPTH (m) 

30,1800 -27,8342 120 
30,1667 -27,8333 

30.1403 ,27.8250 
30.1911 -27,8194 
30.5556 I -28.2342 
3004061 ~ I -28.2706 

30,5653 i -28.1578 

~~:~~~~ I :~::: ~~~ 
30.6142 I -28.121!4 
30.5917

1 
-27,9583 

30.5908 ' ·27.9739 

30,5978 II' -28.0536 
30.5964 -28.0631 
30. 7311 .i.~28,0400 
30.7022 j -27.9872 
30.7561 I -28.1214 
30.6183 I, ~28,li89 
30.7847 ·28.1653 
30,6386 I ·28.2719 

e 
30.5764 I -28.3025 
30.6639 ' J --28.6722 

.' 30: 7867 I -28.2825 1 
30.8014 -28~ 18-19 

30.7061 I '28'33061 
30.6722 r- ·28.3389 
30.7589 -28.3736-
30.7517 -28.;3767 

120 

120 
102 
120 
120 
90 
90 
95 
78 
100 
117 
95 
90 
90 
105 
90 
120 
120 
'120 
90 
110 
110 
120 
132 
90 
90 
120 
90 30.7850 -28.~247 I 

30.8153 :28.3956 f . _ 90 

30.6117 •. ,28. '3.3.67.

1 

90 
30.7747 ·28.3583 120 
30.5875 -28.2808 120 
30.5689 -28.2042 100 
30.5833 -28.3258 I -120 

29.7153 '28.29861 120 

~~: ~ ~~~ 1- :~~~!m I : , 182\ 

30.1283 'I' ,.-.2.8A717,~' 149 
30.1811 J_-28A967 , 97 

30.0189 I -28.5533 f' 

30.0189 'I -28.5536~ 
30.0197 1 -28.5528 
30.2928 1 -28.452/3 r . 
30:2939 i ·2904522 I 
30.2497 ,~ :.2288:133~:1'­
~~:~~~~ I -28.4442 . 

150 
120 
150-

126 
120 
150 
150 
150 

BH DATABASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 8LOW 
WATER WATER WATER WATER 
LEVEL STRIKE 1 

PUMP 
TEST 
YIELD 

(m,b,g~l) I (m'b'~~~91 
STRIKE 2 STRIKE 3 

_(m.b,g.l) _--'rJ1.tJ,g .. 1) 

TEST 
YIELD 

(l/s) 

0.00 
0.00 
0.50 
0.00 

(l/s) SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 

-999 

5,54 161 
·999 

0)0 , -9::1 
3:60 52 
5.50 

1.7.301 
4040 
9.00 

·::1 
16.11! ~ 
16.721 

j7:~~! 
8.26 

8.261 
28:001' 
34.90 1 
1.72L 
9.37' 
8045 

15.94 

8.01 
7.85 
5.12 

10.65 
0.00 

62.37 
4.02 
2.80 -J 
10401-

1404

°1 
6.60

1 
3.30 

4:6°1 

56 
54 
16 
25 
521 

.9~61'-
-999\ 

441 
23 
46i 
84; 

105
1 ·999 

30i 

~~I' 
991 
18 
37 
73 

-999! 

"~I 
~~I 
78 

-~:I 

<~~;r 
~ -~~~I 

-'999 . 

-999 
80 
54 

1471' 

-999\ 

59 

-I ~ 

70 
40 

65 

65 

77 
64 

80 

80 

96 
118 

I 

, . _ Ecca ~andstorle_ 
Ecca sandstone 

0.30 

0.10 

J 
0.20 

0:60 I 
0.10 -0.10 

Ecca sandstone 
Ecca sandstone 
Ecca sandstone 
Ecca'sandstone 
Ecca sandstone 
Ecca sandstone 
Ecca'sandstone 
Ecca sandstone 
Eccasandstone 

2.00 1.00 

I 1.20 0.30 

"j ~::~ 
\~:66 
I 2.00 

O:OO~ 

6{H~ 
_I 0.50 
I 1.00 

1

_,· ~:~~ 
0.10 

1 ~' 

j -~~~~-

Page 31 

0.20 
0.80 
1.25 
0.00 
1.00 
0.50 
1.00 
0.00 
0.50 
3.00 
3.00 
0.21 
0.56 
0.00 

- O.()O 

0.22 
0.13 
0.00 
0.00 
0.00 

1.16 
OJ;O 
0.850" 
0.00 

0.10 
0.10 
~0:16 

0.50 

1.00 
1.50 
0.30 
0.30 
0.30 

Ecca shale 
Ecca sandstone 
Ecca sandstone' 
Ecca sandstone 
Ecca sandstone 
Ecc:a- sandstone 
Ecca shale 
Ecca sandstone 
Ecca shale 
Ecca shale 

1.00 Ecca'san-clstone 
0.10' dolerite 
0.30 
0.30 
0.10 
0.30' 

Ecca shale 
dolerite 
Ecca sandstone 
Ecca shale 

0.30 dolerite 
Ecca shale 

0.3q Ecca shale 
0.30 Ecca sHale 
0.50 Ecca sandstone 

T dolerite 
0.30 Ecca sandslone 

- :3.~()' E;cca sandstone' 
1.00 dolerite ~." , 

O. 15 Ecca'sandston~' 
0.30 'EGca sandst(me-

Ecca sandstone­
Ecca sandstone 

0.10 Ecca sandstone 
0:10- E"casa.,dstone_. 

Ecca sandstone 
Ecca sandstone 
Ecca sandstone 

2.20 Eccasands-tone-
0040 Ecca sandstone 

, . ().5Cl Ecca sandstone 
Ecca sandstone 

Ecca sandstone/shale 
Ecca shale/dolerite 
Ecca shale/sandstone 
Ecca shale/sandstone 
Ecca shale/sandstone 
dolerite/Ecca shale 
dolerite 
dolerite 
dolerite 
Ecca sandstone 
dolerite 
Ecca shale/dolerite 
Eccashaleiciolerite 
Ecca shale 
Ecca shale/dolerite 
Ecca sandstone 
Ecca sandstone 
Ecca sandstone 
dolerite 
Ecca shale/dolerite 
Ecca shale 
Ecca shale/sandstone 
Ecca shale/Dwyka tillite 
Ecca shale 
dolerite 
Ecca shale/sandstone 
Ecc" shale/dolerite 
dolerite 
dolerite 
Ecca shale 
Ecca shale/dolerite 
Ecca shale/dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
Ecca sandstone/dolerite 
Ecca sandstone/dolerite 
Ecca sandstone 
Ecca sandstone/dolerite 
dolerite 
Ecca sandstone 
Ecca sandstone/dolerite 
Ecca sandstone/dolerite 
Ecca sandstone/shale 
Ecca sandstone/shale 
Ecca sandstone 
dolerite 
Ecca sandstone/dolerite 
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QUALITY 
CLASS AQUIFER TYPE 

- ---
contact 
contact 
I contact 
contact 

2 contact 
contact 
fractured 

o fractured 
2 fractured 
o fra~tured 

secondary porou~ 
o contact 

contact 
o fractured 

contact 
o secondary ~orous_ 
o fractured 
o fractured 
1 fractured 

contact 
featureless 

o contact 
3 cOlltact 
o fractured 
o fr')ftu red 
2 contact 

contacr: 
2 fractu\"d 

featureless 
3 secondary porous/fractu 
2 contact 
a contact 

fractured 
o Iractured 
2 fractured 
1 fractured 
2 contact 
o contact 

fractured 
contact 
fractured 

2 

2 
2 
3 

fractured 

I 
contact _ 
contact 

I
cont~ct 

contact 
fractured 

Ifractured 
contact 



BH DATA BASE 

736 

I
LENGTHOFI 
ffiAVERSE 

GEOPHYSICAL, METHOD 1 GEOPHYSICAL 
METHOD 1 1 (m) METHOD 2 

YES- !-3X - .... --

737 YES 
738 - - -- - - YES 

2X 
3X 

LENGTH OF 
TRAVERSE­
METHOD21 

(m) ,H ,.:;~l ,:~, ":~~" ,,~~ j,;:~1 ,:, ,~~" I, '"",'I 'm~'~ ,:,,~;;, 
I,;: :1: ':._-:_. __ ~_:.-.:.I~.l .• ~_:.!~~lj.: ::'::._-.. :_1_.--_. 

,:;, I "0"" ! ,;;,tomm '':;m 

739- - YES 
740---- ---YES 
741·-~- ----- --VES 
i42 -- -- -- -. --- VES 
743-'--- r- VES-
744- ----- ~ -YES 

745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 

7~~_ 
761 
76~ 
763~-' 

764 
765 
766 
767 
768 
769 
770 

YES 
YES 
YES 
YES 
YES 
YES 
YES 

--YES 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

- VES-

YES 
771 YES 
772--- ---- --- EM 

773 geology 
774 -"MAG' 
775 -'--- -- --MAG-

776 
777 
778 
779 
780 
781 
782 
783 
784 

EM 
.geology 

MAG 
MAG 
EM 

1·,- EM 

EM 
__ _ '~-_geology 

EM 

I 2X 
1 - '4X 
i-

'L--~~ 
.. I llX 

lOX 
~- 8X 

9X 
3X 
4X 
4X 
4X 
6X 
6X 
8X 
6X 
8X 
13X 
6X 
8X 
8X 
8X 
9X 
8X 
3X 
4X 
5X 
5X 
7X 
9X 
lOX 
lOX 
8X 
260 

150 
150-

250 

110 
110 
130 
130 
80 

130 

. MAG 
MAG -

iMAG 
1 

• I 
[MAG 

i 
IMAG 
I 
I 
!MAG 

(MAG 
i 
1 

IMAG 

IMAG 

i
MAG 

i 

f~AG 
I 
J , 

iMAG 
MAG iMA-G 

IMAG' 

-- .-

. 

.. 

._-- , ... -

! -

0.2 

17.35 47 400-67---210 18:3 --5~21 80 6.8 17.2 

-~~~I ~:;~ 9:'~ ~~~'-~]~~ ~~~~~~~r-=~{I:~.~r2~~- ::: \~~ 
7 

3 
3 

0.1 

1.1 
0.1 
0.2 
5.2 
2.2 
1.6 

0.51 0.01 

0.1 0.37 

0.3 0.18 
0.4 0.01 
1.2 0.01 

.. I 7.4 36.9 360 119 110 28 121 30 
400 I 7.5 82.5) 592 88 220 24-(>.71- 148 

1 7.7 33.51 380 

17.85 43.6 312\ 

I. B.3. 49.8 336 1 

I 7.75 36.6, 268,_ 
550

1 
7.05 . 61

1
' _4201 

I 
8.35 80.2, 612

1 
_ 

8.051 44.11 408 
750

1-7 :35 1- 58'9.1

1 

. 368 i -
,7.3 34.7 2.481 

60017.75 49 328-
. 8.65 44~71 296 

-40017.65 .. ' -21~4 192,' 
...... IB.9 37.61 

., . _I 256 1 

1

7.25 124.61 79~1 

I i 
5001 7.55274122601 

1

7.25 177.8 15641 
350 7.§5 30.3

1 

216 

7.35 - 44.21 288 

400 ;:~; - ~~6:3671 ~~~, 
9.37 573) _ 

1729~~ ~~l149! 

62 

1501 

61 
24 

228 
31 

150 12.9 7.2 57 

200 43 10.4 33 

230_f4i_l0.4 89 
1~0 __ 5.6

f 
___ 2.5 81 

280 50f 25 50 
240 - 8.9 J 2.2_ 160 

- g02 18·.91 -5.3 .7(f 
- 242 .-- 300 --S4r--26 -- -36 1-

48 .- --130--13.41 3.6" 471 

169 __ ~25040_16.9 44i 
69 200 18.7 5.5 81 

'74 100 21 5.3 22 
36 ~reo 11.5 1.9 82 

:~I 
87 

2~;j 
50 

360 

350 
400 
150 

-230 . 

310 
ko 
339 

75 

197 376 
212 - -612 

70 32 168 

173 80 296 
84- 51'" 221 

26 

25 
57 
7.9 

3 
20 

I 
79 
85 

2.7 

5.9 
33 
1.5 

10 

58 
66 

43 

65 
62 
81 

162 
11 

35 
131 

I I 

4:{-" 33- 34 
4.2 124 '-'9 

4.9 29 9 

0:8 17.8 4 

2 
2.1 
1.7 
7.3 

21 7 
8.6 - ---3 

25 30 
110 3 

:·:i81

.:r -: : 
4.7 15.31 3 
2.1 14.6 6 
0.1 25 
3.2 10.5 
0.1 
3.8 

15) 
201 

3 
6 
6 

38 

4.3 800 5 

'9 .. 1j· 3561: 19.81 
1.5 10.5 1, 

2 8 
1'0.6 43 31 

2 
10 

10.1' 11 

5.1 10 0.71 

3.2 _iBI l' 0.06 

5.4 
4.1 

341 510.-013 
62 . 28 0.826 

0.1 

0.1 
0.2 
2.7 
0.4 
0.4 

0.1 
1.2 
2.4 
0.1 
6.6 
1.9 
7.1 

0.1 
2.4 
0.1 

0.4 
19.3 

6.9 
0.29 
2.33 

2.83 
0.48 

:; :::1 
0.31 0.011 

~:~ ~:~:.I·· 
0.4 0.01 
1.2 0.01 
0.4 0.141 

0.1'1 0.011 
0.3 2.61 
0.3 om 
0.41 om, 

0.2i 031 i 
0.4 0.181 
0.2 0.01 

0.2 0.01 
0.3 0.01 
0.3 0.01 

0.4 0.01 
0.3 0.01 
0.7 om 

2.55 
0.1 

1.22 
0.76 ,,, ~j:lf::h:: 

--i-. . - ' .. - .. _-

",I 609 
243 

20 

4 
72 
38 

3._ 363 
18: 254 
--lc=~81 
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5.1 
3.5 
1.2 

.. 

~~~I 
'.1.[ 0.6l1 . 0.02.. 1.32 
2 1.02 0.69 2.53 
2 1.393 0.27 3.99 -- I 

0.1 3.3 
0.1 10.6 

0.1 1 19 
0.1 '6.8 

0.1 5 
0.1 10.5 
0.1 4 
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785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
8ot".:: 
809 
81();~~~ 

811 
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 

AREA 
Ladysmith 
Ladysmith 

- Ladysmith . 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 

. LadySrrlith 
Ladysmith 

[Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 
Ladysmith 

'1 Cadvs.mith 
6ergville 
8ergville 

I
· 8erg. ville 

. 8ergville 
6ergville 

._.8ergville 
6ergville_ 
8ergville 

80REHOLE 
NUM8ER 
83033388 
8303340 
8303342 A 
83033428 
B303343-A 
83033438 
8303344 
8303345 
8303347 A 
83033478 
8303349 
8303350 
8303351 A 
8303351 8 
8303354 
6304235 
8304235 A 
6304237 
8304237 A 
83042378 
8304239 
8304241 
6304242 
8304243 
8304244 
8304245-
6304246 
8304248 
8304249 
6304250 
8304251 
8304252 
8304253 
8304256 
8304256 A 
8304257 
8304257 A 
8304258 
8304259 
8304262 
8304263 
8304265 
8304266 
8304267 
6304268 
8304269 
8304270 
8304271 

-8304272 

.. _ 8ergville 
8ergville 
8ergville 
8ergville 

18ergville 
8ergville 
8er9viHe 
8ergville 
8ergville 
8ergville 
8ergville 
6ergville 
8ergville 
8ergville 
8ergville 
8ergville 
8ergville 
8ergville 
Estcourt 
Estcourt 
Estcourt 
Estcourt 
Estcourt 
Estcourt 

I
Estcourt 
Estcourt 

I 

LONGITUDE LATITUDE I 80REHOLE 
(X) 

30.2236 
'30.2108 . 

(Y) ~ DEPTH (m) 

·28.4436 i 150 
-2B.4~171 97 

30.2247 
30.2244 
30.2131 
30.2128 
29.7922 

-29.6186 . 

-28.4717 1 150 

-28.4725 1'-. 101 
-28.4281 150 
-28.4281 I 150 
-28.4200 I 
-28.3775 1 

-28.3903
1 

-28.31lP3

1 

·28.6689 
-28.3044 
-28.5783 I 

138 

150 
150 
132 
102 
127 

29.7500 
29.7500 
29.8606 
29.7192 
30.0892 
30.0878 
29.8933 
29.2011 
29.2039 

-28.5803 [- 121 
-28.5764 ! 
:28.8092 
:28:8094 

·28.8250 
-28.8081 
:28:1158 j 

29.2108 I -28.8078 

29.2094 I 
29.2106 
29.1583 l 
29.1919 I ·28.7667 I 
29.19781 :28)800! 
29.1947 f -28.7956 I 
29.1786 .. -28)697 ! 
29.1831-_l-:28~76~2 
29.2150 ,-28.7511 

29.1319 t -2~,:69141' 
29.1311 ! ·28':6839 

29.1575 _'~':.28 .. 6892 i 
29.1497 -28.6861, 
29.1594 ·28.7328 : 

29.1594- -28.7328 'I' 

t 
29.0933 _ 1:28:6269., 
29.0933 1:28.6269, 

;::~~~~ • '1- :;~:~~~~ I 
29.3531 ~28.6§331 
29.0486 ·28.6794 I 

- -- - - - -I 

;~:~:~~ I :~~:~~~~ I 
29.6874 I :29:1207 1 
29.6816 ,-29.0982 I 
29.6751 .. -_ U:i9.1084 I. 

29.6304 [- ·28.9471 I 
29,5789 _J--2. 8 ... 9.62.21'-' 29.5637 1 -28.9971 
29.5213 I -29.0119 
29.5628 I :28.9961 , 

138 
120 
120 
120 
150 

, 114 

90 
120 
84 
132 
144 
102 
92 
1'16 

120 
75 

120 
120 
120 
152 
122 
122 
120 
122 
80 
102 
122 
73 
63 

'123 

102 
120 
120 
120 
120 

8H DATA8ASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 
WATER WATER WATER WATER 

8LOW 
TEST 
YIELD 

PUMP 
TEST 
YIELD LEVEL I STRIKE 1 

(m.b.g.t) (m.b.g.t) 
STRIKE 2 ' STRIKE 3 
(m.b.g.t) (m.b.g.n (lis) 

0.08 
(I/s) 
0.10 

SUR~ACE LITHOLOGY LITHOLOGY OF WATER STRIKE 
2.30 42 
0.00 

1':00 

13.901 

9.401 
0.00 

1 

9.481 
11.16 
5.90 

1 

6:761 
2.141 

I 

0.54! 
I 

1 

13:31
1' 

5.84 
_ 8.62 1,-

28.30j 
14.57

1

, 
4.36 

. - I 
6.61, 
1.861 

2.
89

1' 

3.86 

2.85 1 
13.27, 
10.701 

12.57 1 

1:20
1

1 

9.42 , 
3.171 

13.21 1 

~E~II 
25.90 

8.98 1 

1!.~il' 
8.90 

16 
:999 

16 
·999 

42 
36 
54 

-999 
100 
24 
11' 

-999. I! 
·999 
101, 
25! 

.9991 

961 

. :9991· . 
-999 

221 . 
421 

--19 [ 

-~~1- ~ 
351-
201 

~~_m 
361 ~ 
27 
20 

-999 
12 

-999 
18 
17 
27 

7°1_ 
161 
18 
75 
18 
33 

.21, 
~51 
311-

39 

·~~r 
I 

49

1_ 

'''I 
.. i-

I 
I 

.. L 
361_ 
94 

!-~ 

~-

85 

90 

--. Ir 
--- I 

67 

551-
39 
72 
18 
56 

Ecca sandstone 
.- 1':20-' "LaO Ecca sandstone 

0.00 Ecca sandstone 
0.20 0.15 Ecca sandstone 

. 0:00 

~:~~ I ~:!~ 
0.45 0.30 

'0.00 ' 

Ecca sandstone 
Ecca-sandstone' 

Ecca sandstone 
Ecca 'sandstone­

Ecca sandstone 
0.02 0.00 - Eccasandstone 
0.44 0.30 Ecca sandstone 
0.11 0.20 Ecca sandstone 
0.00 
0.00 

dolerite 
dolerite 

0.01 0.15 Ecca sandstone 
0.40 0.20 Ecca sandstone 
0.00 

I 0.50 
0.00 

1 

0.00 

.. 1.60 

6k~:~6~ 
i _ 2c20 

il-'Jo!oOo 
0.17 
0.50 

I 
1.60 
0.70 

.. ~ L~0.30 

j 1.00 

I ~:~~ 
1_ 0.00 

1 0 .50 
! 0.00 

0.13 
0.15 
6.60 
0.20 
0:44 
2.00 

_ "IJ.50 

~~I .. ~·~::~ 
',0.60 

991 1.~0 
'10:40 
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Ecca sandstone 
0.40 Ecca sandstone 

0.90 

Ecca sandstone 
Ecca sandstone 

I Eccasimdstone 
. - 1.10 __ \Ecca sandstone 

!:~~j mHi~~_::~~: 
3.30 
0.10 
0.40 
0.70 
0.£0 
0.20 

dolerite 
Ecca sandstone 
Ecca sandstone 
Ecca sandstone 
Ecca sandstone 
E-cca 'sandstone 

0,80 Ecca sandstone 
3.00 . Eccasandstone 

~~20_ 
_._c 

0.45 

Eccasandsta~e . 
Ecca Silndsto~e 
Ecca sandstofle 

. Ecca sandstone 

0.13 Ecca sandstone 
0.10 dolerite 
3.30 dolerite 
0.15 Ecca sandstone 
0.10 Karoo argillaceous 
0.85 dolerite 
0.70 dolerite 
0.30 Karoa argillaceous 
1 .00 Karoo argillaceous 
0.20 Karoo argillaceous 
0.50 Karoe ~r~ijlaceous 
0.20 Karoo ar illaceous 

dolerite 
Ecca sandstone 
Ecca sandstone/dolerite 
Ecca sandstone/dolerite 
Ecca' sandstone/dolerite 
Ecca sandstone 
dolerite 
Ecca sandstone/doleriie 
Ecca sandstone/dolerite 
Ecca sandstone 
dolerite 
Ecca sandstone/dolerite 
Ecca sandstone/dolerite . 
Ecca sandstone/dolerite 
dolerite 
Ecca sandstone 
Ecca sandstone 
Ecca sandstone 

Ecca sandstone/shale 
Ecca sandstone/shale 
Ecca sandstone 

. Ecca-sandstone 

Ecca shale/sandstone 
Ecca sandstone 
Ecca sandstone 
dolerite 
dolerite/Ecca sandstone . 
Ecca sandstone 
Ecca shale/sandstone 
Ecca sandstone 
Ecca sandstone 
Ecca shale/sandstone 
Ecca 'sandstone 
Ecca shale/sandstone 
Ecca sandstone/shale 
Ecca sandstone 
Ecca sandstone/shale 
Ecca sandstone/shale 
dolerite 
dolerite 
Ecca sandstone 

I
dolerite 
dolerite/Karoo argillaceous 
Karoo argillaceous" 
Karoo sandstone/shale 
Karoo argillaceous 
Karoo sandstone/shale 
Karoo argillaceous/sandstone 
Karoo ar illaceous -

QUALITY 
CLASS AQUIFER TYPE 

o 

o 
1 

2 

fractured 

'lfractur.8. d 
contact 
contact 

I 

contact 
fractured 
fractured 
contact 
contact 

3 fractured 
fractured 
contact 
contact 
contact 

2 fractured 
fractured 
fractured 

o fractured 
contact 
contact 

fractured 
fractured 
contact 
fractured 

_f~,~~tured 
fractured 
fractUfed 

fract~red 
contact 
fractured 
fractured 

o 
o 
1 
o 
o 

. -'0 

o 

2 

3 
o 
1 
1 
o 

3 

contact 

fractured 
contact 
contact 
fractured 
contact 

3 contact 
o fractured 
2 fractured 
2 fractured 
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3 secondary porous/feature~e.ss 
3 contact 
3 fractured 
3 contact 
3 fractured 
o contact 
o contact 
2 fractured 



I
, LENGTH OFI 
TRAVERSE I 

GEOPHYSICAL I METHOD 1 I GEOPHYSICAL 
METHOD 1 (m)! METHOD 2 

785 --EM 130 [MAG 
786 EM 210 "MAG 
787 EM 25 MAG 
78-8 .. EM 25 MAG 

789 EM 95 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808. 
8~ 
810 
8ii-
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 

-- '1--' 
--. ---

823 
824------

825 
826 
827 
828 
829 
830 
831 
832- . 

833 

EM 
EM 

geolog.y_ 
EM 
EM 
EM 
EM 

geology 
geology 
-MAG 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

9ed1ogy 
MAG 
MAG 
MAG 
EM 
EM 

MAG 
EM 
EM 

none 
MAG 

_ geology 
EM 

MAG 
EM 
EM 
EM 
EM 
EM 
EM 

95 
150 

100 
100 
140 
200 

I 
IMAG 

--r 

130 
270 iMAG 

-~500 ---I~~g 
230 ,MAG 
70 IMAG 

290 ,MAG 
310 lMAG 

-210 -I MAG 
170 
190 . 
330 
300 
290 
110 

160 
70 

150 
120 
120 
100 
80 
110 

120 

iMAG 

I
'MAG 
MAG 

;MAG 

-I MAG 
!MAG 

I 
iMAG 

iMi\G 
1 

',MAG 
IMAG ,.-, 
I 
\ 

370 [MAG 
250 1-

260 iMAG - -I __ 
180 IMAG 
180 'MAG 
190 --_IMAG. 
140 ,MAG 
70 -[MAG 

BH DATABASE 

~~~~;~S~F·I I Total I Total 1 I 1 I 
METHOD21 . EC TDS hardness I alkalinity Ca I Mg Na CI 1 SO, I NH, I NO, I Fe 

(m) I pH I (mS/m) (mglf) (mglf) 1 (mg/l) (mglf) [(mglf) (mglf) K (mgll) (mgll) (mglf) I (mgll) (mgll) F (mgll) 

210 8.01 901 739 175 423 701 36 95 3.8 40 301 0.374 0.04 0.56 
13016'581- 54 386j'- 1101---1551 441'_211-37 2~3 451 3810.129 5.1'10.251 

:::i ''""'I ""I ':1_ .. ---__ 3.9.
7

1 : _
50

1_ 301 54 1.9 _~~.~21jO.012 0.05 0.63 

150117~~_ :~I ~~: 87 ~~~3jji~r 1~~ ~:~ i.~-'- l.}j'O;:~~ ~:;~ ~:~; 
9.26 42-359 2 21335_11i -1!102----0.9 1---10.194 0.03 2.77 

! -.J 
5:~i \32~lB681--·.- ~·~~;~~I!jji 4~ 9~~ ?1117f~I'" 2~ ~:~~~ ~:~: - - ~:~! 

331 20 1701- -8] 3 71 0.91- 5 - 2 0.542 1.08 0.28 

i I I I I L.,. 

~~~ 58;~ :_6~14~;'ln 27~I~j 2 13:~:~13jl-'~16:~~~ .0~~1 

8.33 
7.4 

9.34 

2~6 6.914! 116 27
j
! 54_11j 3 ~-1jl~ - 0.9101- 2 0.09 1.74 

2 
0.02 

. 1 

0.26' 

70 -I 1 ". r-- - T -I 

';~6 ~:;~-~;j-l~:f ·-d l~~--i§l- .11--43~:~ ; ~-~:~-:;--~:~~ .~:~~ 

~'II~:.f;). -:llr 'EI] 'E J r ;l:; l : :1!ll::1 !~ 
300 6.91 20 156 30 I. ~84121 2 30 0.9 15 0.04 0 1;~1 0.6 

~~~I' ... ~:~~[ '~f 1:: ~~ j;1 . ··:i ~ 8-~g:; 1: ~:~~; ~.~~ ~:~~ 
6.94 ~311 '.~~:I' 70 :~28i : _~34i~21_.~ .• _ •. ~:~. ~~. 5 ~:~~~ ;~~ °oO~ 

1
6

.
98 

- ~~I- 178' ~~i - 103 '111 0.9 7 0.219 0.63 1.33 

i;~1 ~:~~ ~~! -1:~11' }~i 1~~' -1~1- 4 ~~ __ : i:~ 1~1 1~ ~:~:~ ~:~i 104~1 
'90-18.46 - 41 [316 55 10s-d ---4 - 62 - 11.5'- 5 "87.0.1421-- 0.11 4.28 

110(8:421 _.1 249' 22 130- 91 1 65 1.5 8 1 0.052 0.03 7.33' 

_ 16.881 --~~I 117 47 50=1:S[ 2 70.9 6 3 0.026 3.6 

1;~ ;~' ;~~ 6~f._·- i!;2~1 ~ ;~ ~:~ ~ ~ ~:~!; ~:~: 
370 7.61 69 422 63 33 11 67 4.6 75 8 183 

7.69 .15 _ 84 _1 .. -- 18 9 3 6 8.9 12 
260 8.18 31 180 23 11 2 8.5 70 22 
180 8.11 47 277 185 29 10 54 0.7 28 
180 8.71 421_ 290 1 213 '301 9 52 14.6 

~~6 ~:~~ "~~-3i"4:1- 1~~ I-~~_~~I-; 1 ~ 1~:~ 
70 7.02 147 ,--- ,- 1-08· 13, 4 13 4.5 

o 

5 
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35 
62.7 

0.04 
1.57 
2.88 

o 
o 
2 

4.9 
1.4 

01 

~I 

Si 
P (mgll) (mgll) 

0.1 6.7 
0.1 18.1 

0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1]' 
0.1 

. I 
0.1. 

0.1 
0.15 

0.1 
0.1 

0.111 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 

0.1 
0.1 
0.1 

7.1 

18.9 
5.6 
5.1 

3.8 
21.1 
14.2 

4.7 
1.2 

1.8 

5.1 
3.8 
1.7 

7 
3.7 

10.4 
3 

3.8 
6.9 

5 
3.1 

5 
8.1 
5.1 

2.1 

3.6 
9 

6.7 
0.11 4.2 

o 
o 
o 
o 
o 
o 
o 
o 
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," 

834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
8tY'", 
858 
859' 
860~ 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 

I 
BOREHOLE I 
NUMBER AREA 
8304272A Estcourt 
8304273 Estcourt 
8304273 A EstcoUrt 
8304274 Estcourt 
8304274 A Estcrurt 
8304275 Estcourt 
8304275 A Estcourt 
6304275 B Estcourt' 
8304276 Estcourt 
830'4i77 Estcourt 
8304278 Estcourt 
8304279 A Estcourt 
8304279 B Estcourt 
8304280' Estcourt 
8304280 A EstCourt 
8304280 8 Estcourt 
8304281 Estcourt 
8304281 A EsiCOurt . 
8304282 A Estcourt 

. 8304282 8 Estcourt 
8304282 C Estcourt 
'8304283 A Estcourt 
8304283 B Estcourt 
8304283 C EstcOurt 
8304283 D Estcourt 

8304284 A ~ I EESsltcoCQUu' rt
rt
--

63042848 1 
8304284 C • Estcourt 

8304285 Estcourt 
8304286 A Estcourt 
8304286 B Estcourt 
8304286 C I Estcourt 
8304287 A Estcourt 
8402001 Vulamehlo 
8402002 Vulamehlo 
8402003 Vulamehlo 

8402004 I'vulamehl" 
8402005 Vulamehlo 
8402006 I Vulamehlo' 

8402007 I Vula.mehlo 
8402008 Vulamehlo 
8402009 ! Vulamehlo 

8402010 Vulamehlo 
8402011 Vulamehlo 
8402012 Vulamehlo 
B402013 Vulamehlo 
8402014 Vulamehlo 
8402015 Vulamehio 
8402016 ,Vulamehlo 

I 

LONGITUDE I LATITUDE 80REHOLE 
(X) I (Y) I DEPTH (m) 

2R5636 I -28.9970 I 102 
29.5848 I -28,9973 I 120 
29,58481 -28,9973 , 120-
29.6856 '-28.9906 I 120 
29,6856 
29,6973 
29,6973 
29,6995 
29,5886 
29,6720 
29,6854 
29.5826 
29.5874 

-28.9906 I 
-29.1140 I' 

-29,1140 
-29,1162 I' 

-29.1452
1' 

-29,0779 
-29,lh57 I 
-28.9748 I 
~28.9767 ! 

29,5219 '-29,0148 
29,5283 -29.0115 
29,5283 -29,0115 
29.5196 Ii -29,0499 
29,5248 -29,0314 
29.7120 I -29,1120 i 
29.7118' i

l
'-29,1118 1 

29.7118 .-29,1.1181" 
29.7060 -29,1393 

29.7076 II -29,1409 , 
29,7076 -29.1409:, 
29.7076 I' -29,1409 I 
29.6968 ,," -29,1147 I 
29,6968 .'1" -29,114!·1 
29,6920 -29,1096 1 
29,7369 -29.0976 I 

~~. ;~i ~ I :~~:~m I 
29,5557 i -29.0281 I 
30,3106 1-30,1469 I 
30,3078 -30,1467 

30,3039 -30.0756 ,I 

30,3050 r -30,0753 

30,3269 '1 -30,10891' 
30.3211 I -30,1072 

30,3283 t -30 . .1003 . 
30,3311 '[-30.1089 
30,3189 I -30,1036 
30.33141 -30,1092 

30,3339 I -30.0853 

~~:!~~~ II • :~~:~~~~ 
30,3569 I -30,2664 
30,5103 I -30,2606 
30.5364 I -30,3100 

120 
101 
101 
90 
91 
101 
121 
96 
72 
102 
120 
120 
125 
120 
123 
121 
91 
123 
120 
72 
36 
121 
121 
61 
111 
13 
15 
16 

120 
150 
136 
150 
105 
120 
120 
120 
102 
102 
102 
102 
102 
102 
90 
84 
102 

BH DATABASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 
WATER WATER WATER WATER 
LEVEL STRIKE 1 STRIKE 2 STRIKE 3 
(m,b~gJ) ,(m,b.g.l) 1 (m,b.g.l) (m,b:g,l). ' 

-9991 
14,98 53 
-1.00 

9,22j 

-1.
001 . 

5.50 
15,80 
15.76 

98 
53 

::~:I, 
-9991 
' 38 1 - . 

38 1 
108

1 -999 

.0.,,1';;1 
-lJ ::iil 
"I:~~ij 

I
i ::::1 

-999t 
i '-999 " 

I
, ~~:~:I 

-, ~9!l91' 

, 3R28,i' -:::~ i 
-9991 

I '-9991 
-999 

110,00 1231 

102.70_~~~ _ 

62.70 91 
:9991 
:999[ . 

I, - . -9991 
-999 

63.00f 
23.00 

30,001 

-999 
-999 
-999 
-999 

93 
73 
66 

-9!l9 

1~~11 
83 

74 
63 

84 
79 

I 
I 

65 

I 
I 
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8LOW 
TEST 
YIELD 

(I/s) 
0.00 
1.20 
3,00 
5.50 
0:06 
1.10 
0.00 
0:00 
0,60 
0.10 
4,00 

0.00 
0.00 
1.10 
0,00 
0,00 
0,10 
0,00 
0:00 
0.00 
0,00 

'0.00 
0,00 
0,00 
0.00 
0.00 
0,00 
2.40 
0.00 
0.00 
0,00 
0,00 
0,00 
1.00 
0.00 
1.00 
0,00 
O~OO 
0,00 

, 0,00 

0.00 
0,00 
0,00 
0,00 
0,50 

~0.30 
'ICiOO 

0,00 

PUMP 
TEST 
YIELD 

(lis) SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 
I Karoq argillaceous Karoo sandstone/shale 

0.20 .Karoo argillaceous Karoo sandstone/shale 
Karo() argillaceous Karoo sandstone/shale 

2,00 Karoo argillaceous 
Karoo argillaceous 
Karoo argillaceous 
KaJo() argillaceous 
Karoo argillaceous 

1.00 Karoo argillaceous 
0,33 Karoo argillaceous 
2,00 Karoo argillaceous 

Karoo argillaceous 
Karoo argillaceous 

0,50 Karoa argillaceous 
Karoo argillaceous 
Karoo argillaceous 

2,30 Karoo argillaceous_ 
Karoo argillaceous 

.. Karoo_argmaceous 
Karoo argillaceous 
'Kar().oargillaceous 
Karoo argillaceous 
Karoa argillac~~us 
Karoo argillaceous 
Karoo argillaceous 
.Karoo argillaceous 

Kar"oargillaceous. 
Karoo argillaceous 

1,00 Karoo argillaceous 

I Karoo argillaceous 
I Karoa argillaceous 
I Karoo argillaceous 
Karoo argillaceous 
NGS 

b_60 ,NGS 
'1 

0,50 Ecca shale 
Dwykalillite' 

Dwyka tillite 
Dwyka tillitl3 
Dwyka tillite 
Dwy~atillite 
Dwyka tillite 
Dwyka tillite 
NMP 

0,15 NMP 
0~40 NMP 
10.00 NMP 

NMP 

Karoo argillaceous 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo argillaceous/dolerite 
dolerite/Karoo argillaceous 
Karoo argillaceous/dolerite 
Karoo argillaceous/dolerite 
Karoo argillaceous/dolerite 
dolerite/Karoo argillaceous 
dolerite/Karoo argillaceous 
dolerite/Karoo argillaceous 
Karoo sandstone/shale 
doleriie/Karooargillaceous 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
K,,,oo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
Karoo sandstone/shale 
dolerite/Karoo argillaceous 
dolerite 
dolerite 

[dolerite 
Karoo sandstone/shale 
NMP granite 
NGS/NMP granite 

.. Dwyka tillite 
Dwyka tillite 

I Dwyka tillite 

. IDWY,ka, ','I,li,te 
Dwyka till i~e 

.. Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
NMP granite 
NMP granite 
NMP granite 
NMP .granite 
NMP ranite 

QUALITY 
CLASS AQUIFER TYPE 

contact 
o contact 

fractured 
2 fraciured 

contact 
contact 
contact 
contact 

3 contact 
3 contact 
a contact 

contact 
contact 

o contact 
contact 
contact 

o contact 
contact 
contact 
contact 
contact 
contact 
contact 
contact 
contact 
6'o'ntact 

2 I 
contact 
contact 

I
contct 
secondary porous 
secondary porous 
secondary porou~; 
contact 
featureless 

o contact 
featureless 
fractured 
featureless 
featureless 
featureless 
featureless 
featureless 
featureless 
featureless 
fractured 

1 fractured 
3 fractured 
o fractured 

featureless 
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834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857f::'-
85S--.-

859:. ___ _ 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878-
879 
880 
881 
882 

BH DATABASE 

I 
LENGTH OF I LENGTH OF I 
TRAVERSE! TRAVERSE - Total Total 

GEOPHYSICAL METHOD 1 I' GEOPHYSICAL i METHOD21 EC TDS I hardness alkalinity Ca Mg Na CI SO, NH, 

, METHOD 1 (m) METHOD 2' (m) pH (mSlm) .(.mg./I) I" .(m.l!il) I-(m.g. ~L.- ._.(m.9."-.) (n1gl~.(rTl91Q.'5.(m.glQ. Lmgll.). tm~IL (m. gl~ 
--~~ --~~~ I~~f--I--l~~~~~---~ 44 -- . 183130.8 15- 1 ----

tE~ : iM'" loo",;,t,~1 I ,,; "'" "'I' 
§~ ~ .;l~-t.~." . -l-:~ ~i A d: ::1 ~;I ~: 
!~I ~ '~~i jl~= ~td~ r -:', '::: ,I 

:~ l : I:g :E _. I --I 1-='1 
~~ I 100 j'MAG 100 i 1:....:-__ 
~~.- t ~~~: ~~~ .~~~ .- jL-_ 
~~ I--~~~l~~g ~~~ ---- -
~~--1:~;~ :~~~~;~ J-= I -L-~-
~~ -11- ~£~- ~~~ ~~~~~_R081_-~()t 104 l- -- -70 -

1~ I ,~o ~:~ :: --=1 1
-

EM 200: MAG 200 

~~ I ~~~ 1-- - _ '.~2'.· ~5-~0.[ -7

7

-.. -.5

8

-_, 38.1 277 

[
1 _ ~~g 

EM 250 JMAG_ 57.3 471 

EM JI 120 _ IMAG 12.01 
EM 285 MAG 285 
EM 1 __ 300 MAG 300 
EM ~ 300 MAG 300 -

··-··~~--f ~=~~~- ~~g ~~~ 

~~-- r-~6~ ~~g ~~~ 

123 

-EM - 200 MAG 200 6.8 37.2 234 . 81 -

EM 200 MAG 200 6.9 65.4 '399 .102 

EM 130 IMAG 130 7.9 
EM 150 MAG 150 

27.3 --169 1 44 
-'1 

28 13 

250 ._i1L 26 

60 
47 
60 

11 
21 

6 

I 
I 
I 

12. 
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46 1.4 

4 
82 2.8 

36 

13 

47 
107 
36 

l: 

- t 

19 

12 
3 
9 

NO, 

(mgIO_ F .<rn9/1)_ 

0.3 0.9 

15.7 0.8 

21.4 0.1 
23.1 0 
2.9 0.26 

1.1 0.1 

1.5 0 

1.8 0.3 

4.6 0.5 

8.37 0.5 

25:781_ 0.7 
0.04 0.7 

Fe S· 

P (mgml (m~/I) 
01 

01 

I 

o 

o 

o 

0.02 15.8 

0.008 19.1 

0.008 19.9 
0.007 14.9 
0.028 23.3 
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883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906~· 
90T 
908 
909·';; 

910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 

80REHOLE 
NUM8ER AREA 
8402017 VUlamehlo 

.. 8402018· Vulamehlo 

8402019 Vulamehlo 
8402020 Vulamehlo 
8402021 Vulamehlo 
8402022 . Vulamehlo 
8402023 Vulamehlo 

.. 8405057 S.Coast 

8405058 S:Coast 
8405059 S.cOast 
8405061 .. S:cOOst 

8405062 
8405517 
8405518 
8405519 
8405520 
8405521 
8405522 
8405523 
8405525 
8405526 
8405527 

. 8405528 

8405529 
8405530 
8405531' 

. 8405532 

8405533 

S.Coast 
Izingolweni 
Izingolweni 
Izirig()lweni 
Izingolweni. 
Izingolweni 
Izingolweni 
Izingolweni 
Izingolweni 
Izingolweni, 
Izingolweni 
Izingolwem 

. !'zingolweni 

I
"zingo,weni 
Izingolweni 
Izingolweni 

. ; IZlngolweni 
8'405534" Izingolweni 

, 8405535"··, Izingolweni 

8405536 
8405537 
8405538 
8405539 
8405540 
8405541· 
8405542 
8405543 
8405544 
8405545 
8405546 
8405547 
8405548 
8405549 
8405550 . 

8405551 
8405552 
8405553 . 

8405554 

Izingolweni 
Izingolweni 
Izingolweni 
Izingolweni 
Izingolweni 
Izingolweni 

, Izingolweni 
Izingolweni 
Izingolweni 
Izingol\Veni 
Izingolweni 

... Izingolweni 
, Izingol",eni 

Izingolweni 

LONGITUDE.i LATITUD. E 80RE.H. OLE 
(X) (Y) DEPTH (m) 

30.4847 i :30.3556·,~ . 72 .... , 

30.5372 i ·30.3006 \ 102 

30.5861 I' ·30.1694 I 102 
30.5922 ·30.1586 102 

30.5811 I'. ·30.1603 /1 102 
30.5958 ·30.1600 102 
30.5814 i ·30.1714 : 96 
30.5260 i ·30.4225 i 101 
30.0292 i ·30.4818 i 101 
30.0193 ! .30.48321 101 
30.0057 f ·30.51~3.· 101 
30.0378 '·30.4 778 I 151 
30.3542 ·30.7411 t 84 
30.1683 ·30.6819 I 84 
30.1658 ·30.6744 I' 102 
30.1553 ·30.6711 102 
30.1536 
30.1533 
30.1450 
30.0908 
30.0028 
30.0989 
29.9911 
29.9914 
29.9883 
29.9792 
29.9911 
29.9975 
29.9878 
29.9947 
29.9917 
29.9931 
29.9947 
29.9900 
29.9653 
29.9961 
29.9961 
29.9931 
30.0264 
30.0219 
30.0361 
30.0192 
30.0322 
30.0306 
30.0339 
30.0328 
30.0333 
30.0261 
30.0194 

.30.6683
1' 

·30.6875 

:;~:;~;~ I 
·30.7328 I', 

j, ·30.7278 
I ·30.8114 I 
I ·30.7894 I: 

1 .30.8153 

I
i ·30.8289 I' 

·30.7947 

, '30.8053\ 
I .30.8206 

1 :30.7711 . 
I ·30.7694 I 
t ·30.7811 : 

I .30.7544 1 

I
· ·30.7339 . 

·30.7294 I 
I :307350 I' 
I :30:7344 1 
I ·30.7311 I 
1 ·30.7647 , 

I[ ·30.7875 1 
·30.7844 , ,. 
·30.7803 II 

·30.7917 
:36.6153 
·30.6175 
·30.6153 
·30:6144 
·30.6300 
·30.6417 

108 
114 
102 
.102 
102 
84 
150 
138 
120 
144 
144 
60 
84 
90 
102 
102 
84 
150 
150 
120 
126 
84 
120 
120 
150 
102 
120 
144 
108 
126 
150 
120 
132 

8H DATA 8ASE 

STATIC DEPTH OF DEPTH OF DEPTH OF 8LOW PUMP 
WATER WATER WATER 
LEVEL STRIKE 1 STRIKE 2 

:(~..'bt6o -(m~b·~J~6I' (",.b,g.O 

78.00 96, 

I 
1 

I 
32.90 1 

I 
1 
I 

',5iOO

I
' 

19.00 
55.00

1 

92.00"1· 
38.00 

1 
50.001 

.' .. j 
.22,001 

I 
I 

56.00\ , 
I 

. -20.00i 

55.00: 

25.001 
48.00 
54.00 

85.00 

.. 85.00! 

10.001 
80.0Q 

. i 

8.5.001 
65.00 

i 

10Q.;01 

I 
I 

'.999[ 
·999 

:~~~I 
:9991 

661 

:::~I 
.999r 

, :999[ 
70[ 

,. ;~f., . 
.999

1

' 

98 
12 

·999 

:9~:1 
30

1 ·999 
.999[ .. 

90/ 
·9991 
.999 1 

,301 
. ·60' 

, 30 1 
60, 
721 

.9991 
·999 
1081 

.. " 3!~[ 
:~I 

·999 
106 
82 

·999 
~999 

'~~~I 
. 9991"· 
.99~ 

. ·999,· 

WATER 
STRIKE 3 

(rn:~I1Jl. 

TEST TEST 
YIELD YIELD 

(lIs) 
0:30 
(3D· 

(lis) .\' SURF. A.C .. E LITHO. L0S'_)' 
0.15 Ecca shale 
0.80 NMP" . ., 

NMP . . 

LITHOLOGY OF WATER STRIKE 
Eccashale/NGS 
NMPgranite 
NMP granite 0.00 

0.00 
0.00 
0.00 
0.00 
0.10 
0.00 
0.00 
0.00 
0.00 
0.10 
0.25 
0.20 
0.00 

0.10 

0.10 
0040 
0.15 

NMP 
NMP 
NMP 

iNMp· 

i DwYk·a tillite 
Dwyka tillite 
Dwyka tillite 
Dwykatillite 

,Dwyka tillite 
INGS' . 
NGS 

NMP granite 
NMP granite 

.. NMP granite 
NMP granite/dolerite 
NGS·- . 

Dwyka tillite 
D\Vyka tillite 
Dwyka tillite 
Dwyka tillite 
NGS 
NGS 
NGS 
NGS 

"'0:10 ·1.00 
I
NGS 
Dwyka tillite 
[NGS'· , NMP granite 

NGS/NMP granite 
NGS 
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2.50 
0.00 
0.10 
0.00 

·1.00 Dwyka tillite 
Dwyka tillite 

·1.00 DwYka tillite . 

O.lO:J, .1.00. 
0.00 

Dwyka tillite 
Dwyk·atillite 
Dwyka tillite 

0.00 
2.50 
0.00 
0.00 
0.10 
0.05 
0.10 
0.10 
0.05 
0.00 
0.00 
0.10 
0.15 
0.00 
4.00 
0.25 
0.00 , 
0.10 
1.00 
0.00 
0.00 
0.00 
0.10 

·'0.00 . 

0,0'1 
0.00 

. Dwyka tillite' 
1.00·, Dwyka tillite 

I
'DWYk.aitllite 
Dwyka tillite 

·1.00 .I.DWY. ka til.lite 
·1.00 Dwyka tiUite 
.1.09 IDwykatiliite 
·1.00 ,Dwyka tillite 
.1.00 'Dwyka tillite 

Dwyka tillite . 
Dwyka tillite 

·1 ~O Qwyka tillit" 
: 1. do ' Dwyka tillite 

Dwyka tillite 
·1.00 Dwyka'tillite 
·1.00 Dwyka tillite 

Dwyka tillite· 
·1.00 Dwyka tillite 

·1.00 I DW.Yka tillite 
Dwyka tillite 
Dwyka tillite 
. Dwyka'till ita 

·1 .00 ' Dwyka tillite 
Dwyka tillite 
Dwyka tillite . 
Dw ka tillite 

Dwyka tillite 

'j'DW. Y .. k.a tilll.t.e. Dwyka tillite 
. .. Dwyka tillite 

.. , Dwyka tillite 
Dwyka tillite 
Dwyka tillite/NMP granite 
Dwyka tillite 
NMPgr"nite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka~illite 

Dwyka tillite 
Dwyka tillite 
Dwyka tillite 

. Dwyka tiliite/NMP granite 
Dwyka tillite 
dolerite/Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite, 
Dw ka tillite 

QUALITY 
CLASS AQUIFER TYPE 

o contact 
fractured 
featureless 
featureless 
featureless 
featureless 
contact 

o fractured 
fractured 
fractured 
fractured 
fractured 

2 
2 
3 

3 
2 

1 
o 
o 
o 

featureless 
fractured 
featureless 
I featureless , 
fractured 
contact 
featureless 
featureless 
featureless 
featureless 
featureless 
featureless 
fractured 
featureless 
featureless 
sec0'Wary porous 
featureless 
featureless 
featureless 
featureless 
featureless 
featureless 

o fractured 
featureless 
featureless 

o fractured 
fractured 
fractured 

2 featureless 
1 fractured 

featureless 
featureless 
featureless 
feat~reless 
featureless 
featureless 
fractured 
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Il£NGTHOFI 
ImAVERSE I 

GEOPHYSICAL! METHOD 1 I GEOPHYSICAL 
METHOD 1! (m) I METHOD 2 

883 EM I 800 I MAG 
884_ EM i 150 IMAG 
885 EM' 700 IMAG 
88Ef - - -- EM 1- 165 ,MAG 
887--------EM---- i 900 [MAG 

888 - - EM I 165 ! MAG 

~:f~-- ,- --;~- )1 _ 270jMAG __ 

89'-- --- ---VES - - ---- {~ I 
892 __ ~~=~~~ --;_lX I 

5::·-:rr - . ffi b· 
897 EM 330 I MAG 

:~: n~~e 740 IMA(> 

900 none I' 
901 EM 450 ,MAG 

~~~~~~- - ~~ I-~~~ I~~~ 
904 _ none , 
905 
906 +,", 
907 ,-~ 
908 
909 :. 

911 
912 

-- --- - -

913 
----------

914 
915 
916 
917 

-.- -_._. 

EM 
EM 
EM 

- -----MAG 

EM 
-- --EM 

- --

EM 
EM" 
EM 
EM 
EM 
EM 
EM 

370 

-- ~;~ 

-- -

370 
1280 
370 

- -- - -~~~ 
, - 200 

300 
150 
450 
160 

:;:- - --,-~~--- I ~~~ 
920-- -- -

921 
922 
923 -, ---

924 
925 
926 
927 

---"--- --

-- -- . 
928 

none 
-EM-

EM 
EM 

none 
EM 
EM 
EM 
EM' 

929 EM 
930 - - ---EM 
931- - ----

1-- , 800 

380 
400 

280 
150 
250 

1 __ 250 
340 
600 
240 

IMAG 
MAG 

IMAG 

1 

jMAG 

'MAG 
IMAG 

iMAG 

I
MAG 
MAG 
MAG 

IMAG 
'MAG 

MAG 

MAG 

jMAG 
,MAG , 
! 

iMAG 

IMAG 
\ 
IMAG 
jMAG 
IMAG 

--

BH DATABASE 

LENGTH OF! I I 
TRAVERSE" Total Total 
METHOD21 EC 1 TDS hardness alkalinity Ca Mg Na I CI S04 NH, NO, Fe Si 

(mgll) 
17.9 
22.8 

--

.' -

1--

! -

(m) pH ~mSlm) I (m911) (mgll) , Lmgll) (mgll) (mgll) 1 (mgll) K (mgll) (mgll) (mgll) (mgll) (mglU F (mgll) (mgll) P (mgll) 

:ffil::i :~l~~i :;I~'~':I:I:: .':':l } ,~: .- ::. --- '~:: 

-I - I 
3;0 -~.11 ----I 

1.8 
5.5 
6.5 

300 7.21-~- ;:~I 
330 6.1 250

1 740
1 8 - 85211'510911 16441 229 --2421 253 1268 28:4j',28801' 1561

1
, - 0.05 1.3 0.0221 

! 8 240! 1299 450
1 

168 751_ 64 298 4.2 i 586

1 

39

1 

6.28 1.1 0.054 -~I :: -:: i ::1 -- ·::I·::~:I :: J: I· ::1':: 1-· ,:r -- ::: ::1:: i 
2_3 
5.3 

:;:1 n 00'1 '" I "'I--.,~ " '" "' .,i '''I ' . " "I 
_ :::t i670.7115331;- _2371~=208 47 291 63 2.7 108'-_8 --_ -~-4.33 0.61 

-= 400 ~:: !~:~ ~~~ _ 1_~~_-~ 1~~ ~~---2bL:~'--~:~ ~~ ~ 902.:~1~11 ~.~ 
~~~ _ 8.~ ~;:~i ~~~ --;~~ __ ~~~~~_~~J~I __ !~ _ ;:~I ~~ ~I 1-3)8 - ~'~I 

-----

.---

150 _ I I 1 
450' I 

31 ~: ;::::t;~:IJ:l~:~;: ;:: *+il ~[ : __ .;::, 
8.2 27.5 2

5
-
4
1
2
1/-- _ 70 103 15 8 25 5.1 21 4 2.13 

800 
380 
200 

280 

250 

240 
600 
240 

7.7 76.1 224 223 -, 42 29 71 r 4.2 104 4 - 3.63 

8.3 
7.4 

! 1-
71.31' 575' 122 258 16 20 
55.7 -446 1931 -- 218 --- 41 -- 22 

-- - -,-

142 147 34 14 

--1. , 

Page 38 

44 4.6 

18 0.05 
6.65 

6.7 

0.7 
0.6 

0.6 
0.7 

1.8 
0.7 

0.6 

3.1 

8.2 

0.033 8.7 

~:~111- 1 ~:~ 
0.027 11.8 

~~~~~r 

0.045 
0.022 

8.7 
5.6 

2.5 
7.1 

0.03 14.8 
0.024 5 

0.036 6.4 
0.012 lb.l 

0.04 9.6 
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60REHOLE 
NUM6ER AREA 

932 - 6405555 Izingolweni 
933 .-- - - 64()5556 Izingoiweni 

934 6405557 Izingolweni 
935 6405558 I',zingolweni 
936 6405559' jlZingolweni 
937 6405560 J Izingolweni _ 
938 6405561 I'zingolweni _ 

939 8405562 -l".z.ingo,w. enl 
940 - 6405563 Izingolweni 
941 6405564 Izingolweni 
942 6405565 I',zingo,weni 
943 6405566 Izingolweni 

~:: ::~;;~~ --I :~:~~~:~:~: 
946 6405569 jiZingolwenl 
947 6405570 Ilzingolwenl 
948 6405571 Ilzlngolweni 
949 6405572 IZlngolweni 
950 6405573 jlzlngolweni 
951 6405574 jlzingolweni 

952 6405575' _jIZingOlw .. eni 
953 6406014 Vulamehlo 
954 8406015 Vulamehlo 
95li· 6406016 Vulamehlo 
95(1'::;- 6406032 S.Coast 
957 6406033 S.Coast 
958~--- - 6406034" S.Co-;'st 

959 6406035 S:Coast 
960 
961 
962 
963 
964 
965 
966 
967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 

8406036 
6406037· 
8406039 
8406040 
8406041 
6406042 
6406043 
8406045 
8406046 
8406047 
8406049 
8406050 
8406051 
8406052 
8406053 
8406054 
8406055 
8406056 
8406057 
8406058 
8406059 

S.Coast 
S.Coast 
S.Coast 
S.Coast 

Is,coast 
S,Coast 
S:Coast 
S.Coast 
S.Coast 
S.Coast 
S.Coast 
S.Coast 
S.Coast 

I
s:coas.t 
S.Coast 

. S:Coast 

S.Coast 
S.Coast 
S.Coast 
S.Coast 

IS.Coast 

LONGITUDE II! LATITU.DE.I.80R. EHOLE 
(X) (Y) i DEPTH (m) 

30.0219- , -30.6378 r-' _. 132 

30.0256 i :30.6397 [126 
30.0411 ~-30.6364! 120 
30.0478~30.6431 II 108 
30.0447 -30.4914 120 
30.0469 -30.66_22 I 120 
30.0622 ,-30.6414 I 108 
30.0486 I -30.6619 i 150 
30.0919 j -30.6825 I 150 
30.5058 -30.6531 102 
30.1022 -30.6&58 ! 54 
30.1000 ~30.68721 120 
30.1106 -30.6892 1 - 120 
30.0786 -30:5236 i-- 138 
30.0542 - -30:521 i ! 132 

30.0689 -30.5222 'I 132 
30.0492 -30.5247 120 
30.0331 -30.5231 I 120 
30.0294 -30.5317 J 120 
30.0239 -30.7014: 120 
30.0408 : :30.47751108 
30.4331 ,-30.3558 1 132 
30.4300 I -30.3547- I 132 
30.4742 ,-30.3336 I 102 
30.0667 1:30~523i -I 101 
30.5207 I -30.4228 71 
30.5223 r ~30:;\27(! 101 
30.4805 1-30.5.682_( 101 
30:4933 1-30,5643 1 101 

30.5003 Ii -30:56971 121 
30.5237 -30.4832 101 
30.5200 i -30.4777 I 101 
30.5638 1 -30.4490 I 96 
30.5823 '1 :30.4558·! _ 101 
30.5815 ·30.4480 I 51 

121 
101 

30.1795 -30.5088 121 
30.1323 -30.5605 91 

~~: ~ ~~~ ill :~~:~~~~ 
. 30.i063 I ~3().43i2-1_ 101 

30.0883 -30.4545 L 126 
30.1128 _I ·30.4485 l 
30.3142 1-30.0755 I 
30.3115 -30.0752' 
30.4578 - -303707 1 

121 
121 
71 

101 
106 - 30:4573 i _ :30.3635 I 

30.4905 I -30,3797 L 101 
30.4772 1.30.3852 I 101 
30.4740 . -30.3893 I 101 

STATIC DEPTH OFI DEPTH OF 
WATER WATER WATER 

(~E~.~~) 1~:~~~~1)1) ~(:R~Kg5)2_ 
70.001 76 1 __ 

I -999, 
58.00: 79i 

I -999i 

i :9991 
I -999 
I 

t 

I 
I 
i 

i 

- 0.80i 

. ~~:~~1 
9.32f 

2.89
1' 

1.69 
I 

··0.85[ 

1.20' 
0.00 

5.01 

l·~gl 

35.801 
. - 3(521 

0.45 
2 

.. -54.92 

8.73 
30.40 

-999: 

-9991 
-999 
-999 1 

:~~~I-' 
_ -999

1
_ 

.999
1
_ 

·9991 
-9991 
-9991 
-9991 
-9991 
-9991 
-9991 
-9991 
-999 

, -999 
-999 

37 
471 
24 
27 
15 
65, 

~9991 
70; 
61' 
291 

~999r· 
-999, 
110 
40 

-999 
106 
63 

·999 
-999 

51 
41 

66 1'-" 

59 
-5 

6H DATA6ASE 

I 

DEPTH OF I 6LOW 

WATER I TEST 
STRIKE 3 , YIELD 

<.m __ b,g.1) 1' __ (lis) (lis) !SURFACE LITHOLOGY 
-1.00 I Dw"ka tillite' _. 

LITHOLOGY OF WATER STRIKE 
0.10 

-0.00 

0.25 

_I 0.00 
0.00 

i 0.00 
I 
I· 

0.00 

0.00 I 
'1 0.00" -

1 0.00 I i 0.00 

i 0.00 
, 0.00 
1 0.00 

1.0:00 
1 0.00 

I 
0.00 

, 0.00 
, 0.00 
j 0.00 
I 0.00 

I 0.00 
i 0.00 

I
. 0.00 

0.00 

I
I 0.10 

0.10 
1.00 
1.10 

I 
0.90 
0.10 

t Dwyka tillite 
-1.00 ! Dwyka tillite 

! Dwyka tillite 
- [Dwyka tillite . 

·IDwYkatillite 
Dwyka tillite 

-0.07 

0.06 
0.50 
0.70 
0.22 
0.08 

0.55 

-I Dwyka tiuite .. 

I
'DwYka tillite 
Dwyka tillite 

,Dwyka tillite 

I 
Dwyka tillite 
Dwyka tillite 

. 1 Dwyka-tillite 
1 Dwyka-tillite 

I
, Dwyka tillite. 
Dwyka tillite 

,Dwyka tillite 
I Dwyka tillite 
I Dwyka tllirte 
Dwyka tillite . 
NMP--- . 

NGS 
NGS 
I DwykaWlite . 
JNMP 
INMP 
INMP 

INMP 
I
NMP 
NMP 
NMP 
NMP 

0.00 

_. i 0.80 

I 
0.80 0.42 NMP 
0.80 2.(>2 NMP 

_. I 0.00 i __ I Dwyka f.'llite. " 
0.00 . Dwyka tillite . 
0.40 0.14 I Dwyka tillite 

I 6.67 3.89 NMP ---1 0.00 Dwykatillite 
_I' 0.14 0.06 Dwyka tillite 

0.14 0.06 _ Dwyka tillite 

I 
0.00 NMP 

. - 0.00 NMP 

- 1.25 1.53 INMP 
[p:SO 0.22 NMP 

1
0

.
14 ·1·-_~~0·~.05186'-_ '~N~G~S"---1_0.11 

0.33 
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Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
DWyka tillite 

I 
Dwyka lillite. 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite . 
Dwyka tillite 
Dwyka tillite/dolerite 

__ Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwykatillite. 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
Dwyka tillite 
NMP granite 
NMp'granite 
NMP granite 
NMP granite 
NMP gneiss 
NMPgneiss 
NMP gneiss 

. NMP gneiss 
NMP gneiss 
NMP gneiss 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP .granite 
NMP gneiss 
Dwyka tillite 
Dwyka tillite 
NMP diorite 
NMP diorite 
NMP diorite 
NMP diorite 
NMP diorite 
NMPdiorite 
NMP granite 
NMP diorite 
NGS 

QUALITY 
CLASS 

2 

2 

2 
o 

1 
a 
a 

a 
2 

a 
a 

a 

'AQUIFER TYPE 

l
featureless -­

featureless 

I 
featureless 
featureless 
featureless 

1 fea tureless 
Ileatureless 

I 

featureless 
featureless 
I featureless 
featureless 
featureless 
featureless 
fractured 
featureless 
featureless 
featureless 

I featureless 

!featureless 
featureless 
fractured 
fractured 
fractured 

featureless 

fr,lCtured 
fr~ctured 
frac-tu""d 
fract't[ed 

I 

fractured 
fractured 
fractured 
fractured 
secondary porous 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
fractured 
sec?ndary porous _" 
secondary porous 
fractured 
fractured 
fractured 
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932 -
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 

GEOPHYSICAL 
METHOD 1 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

943 none 
944 EM 
945 -EM-
946 -'--- EM 

947 
948 
949 
950 
951 
952 
953 
954 
95,5 

. __ ._-

9~:':' __ _ 
957 
958' 
959'" 
960 
961 
962 
963 
964 
965 
966 
967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 

EM­
EM 
EM 
EM 
EM 
EM 
EM 

-EM 

EM 
YES 
YES 

--YES 

YES 
YES 

_ VI;:S 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

-YES 
YES 
YES 
YES 
YES 
YES 
YES 

BH DATABASE 

LENGTH OF 
TRAVERSE· Total Total 

LENGTH OFI 
TRAVERSE 
METHOD 1 GEOPHYSICAL METHOD21 EC TDS hardness alkalinity Ca Mg Na CI SO. 1 NH, NO, Fe I SI 

(m) j MI:TH()D 2 

420 [MAG 
__ 300 MAG 

~~~I~~g~~- I 

~~~ I~~~- ---f-

1150 ,MAG 

i~~ I~~~--
1000 MAG 

540 MAG 
400 MAG 

.300_MAG __ 

1250 )fv1AG 
300 IMAG 
400 ,MAG 

650 'I MAG 
720 MAG 
400 [MAG 
200iMAG 

-.'- - 300 ! MAG-

800 iMAG 
2X-
2X 

- -2X 

3X 
4X 
7X 
3X 
lX 

I-I 

! 
r 

lX .----

1-

5X 
lX 
2X 

2X 
3)C--

8X 
5X 
3X 

-'--6X 
lX 
lX 
4X 
5X 
5X 
3X 
2X 

--

.. 

--

---

(m) pH I_(m_s/m) (mgll) _ (mg!') _(,"-gil) _ (mgll) (rng!l)irngll) K (mgll) (mgll) 
210 85 432' 381 49 195 10 6 81-- li,l 19 

-~~~ I ~~8172~51 ~~:81 ~20_1 
(mgll) I (mgll2 (mgll) F (mgll) (mgll) P (mgll) [ (mgll) 

_ 14 1 0,08[ 2,2 0.051_ 2,9 

251 

1 ~~~ --~. [--, -I~------I . ___ - -1-' 

[--- --

90 
300 
200 

::: -:1 -.- --[-
~~~ -f=- .-- .. 

1000 
300

1 
200 

.' 

r- t 
I 
I 

41 24 

-- -

81 4.4 79 -:. 13 - 1_ O~Ol 0.4 0.039 8,1 

--- ... -

[ 

-1-' 
-- -- - -I 

--1- - 1- -- -_ .. 

1 !!!fi ~- I -- ---
--- -- - --

300 
800 

-

._-

78 

.1 7.4 
7.5 

8~3i 
7,6 

I 

7,3 

7,3 
6,9 
7.3 

7.7 
8,2 

7.2 
7.8 

- ---11
-

5
:
9

-7.7 
6,7 

6 
5,2 

136 
58.1 
91.4 
59.2 

833 
396 

53~. __ 
424 

- 1-- - -24A 71.2 -;f2.6 

-+- ~~J55 17,2 12.2 
150 

58 
73,5 

83.1 
58,9 

~~~l-
- - !-

489 
370 

66.4 392 

--
252 31 - 22.2 
126 28.7 28,7 
18938.3 12,2 
223 37.7 17.2 

209 47,8 20.8 
187 35.3 15,8 
204 53 17.2 -, 

89 
140 

21 
76 
96 

98 
72 
66 

25,1 173 --1- - --72 21.2 

186 12101---- 311 95 
5 24 

72 240 

-- --

----

51.2 - ~061-- --
45,6 - -306 

- - ----1- +~~ }~:~f ~~:~ ~~ 
12.2 84 
38.1 288 

20 f21 - -2.3 14 
-- .... - 1 - -145 13.4 8.1 70 

20~1- 156 

11.2 78 
13,1 --- 86 --- "1 -

'. 

20 
20 
20 

3,5 
1.5 
2.4 

7, 22 

2 .,+ 14 
2,3 15 
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- .. ---

11 277 33 0.3 0.3 1,01 
6 68 24 0,3 __ 3.1 , 0.67 

- '4
' 

111 --29 -'- 0.3 - 0.3 1.98 

86 94 49 0,3 0,3 0.59 
3 57 19 0,3 1.4 1.2 
9 92: 24 0,3 0,3 0.43 

r 6 
4 

\' 4 

4 
3 

1 

2 

4 
7 
8 
2 
6 

127 
55 
70 

20 
408 

70 
23 

20 
40 
24 

5 
54 

6 
25 

-I 
1 

16 9 
23 43 
35" 6 

21 5 
27 9 

0,3 
0,3 
0,3 

0.3 
0.3 

0,3 
0.3 
0.3 
0.3 
0,3 

0.3 
0,3 
0,3 

4.7 
15,3 

0,3 
0,3 

1,1 

0,3 
0.3 
2.8 
0,9 

0,361 
0.21 
0,38 

0.2 
0.65 

0.06 
0.31 

0.'17.1.-0.78 
0.23 

0,05 1 

0,08[ 

0,05 
0,05 
0,05 
0,05 
0,05 
0,05 

0,05 
0,05 
0.05 

0,06 
0,05 

0.05 , 
0.05 

0.05 
0.08 
0.05 
0.05 
0,08 

:1 
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LATITUDE I 80REHOLE 

STATIC DEPTH OF 
WATER WATER 

80REHOLE LONGITUDE LEVEL STRIKE 1 
NUM8ER AREA (X) (Y) I DEPTH (m) (m.b.g.!) . (rn:b .. gJ) 

981 8406060 S.Coast 30.4717 .. :30.3970 i _101 21:50 37 
... B406061 . 

, 

982 S.Coast 30.5147 .. ·30.4110 I 66 ·999 
983 

".-- -
8406062 S.Coast ... 30.5458 .30.4518 1 61 1.30 8 

------ "-- -
S.COast 

.. r'" -

984 8406063 30.5360 ·30.4487 93 ·999 
985 

-------
8406064' IS.Coost ~30.4452 r 91 

"----

·999 30.5352 
986 8406065 IS.Coast 30.5348 ·30.4432 j 91 1.20 8 
987 8406066 Is.coast 30.6350 ·30.3905 i 101 ·999 

-"-- ' . , 

iOl 
- .-

988 8406067 S.Coast 30.6387 :30.3922 I 3.12 70 
'-- -- .... 8406068 s.co..st 

. -

989 30.6417 ·30.3920 I 101 3.57 16 
990 8406069 S.Coast 30.6192 ·30.3838 ! 101 ·999 
991 8406070 S.Coast 30.6513 ·30.34&7 ! 91 5.50 18 
992 8406071 S.Coast 30.6448 .30.3493,·i 101 5.80 16 
993 8406072 101 

-, 

·999 S.Coast 30.6437 ·30.3455 i 

DEPTH OF 
WATER 

STRIKE 2 
,fm.b.gJ) 

56 

45 

61 
.. 

53 
73 

8H DATA 8ASE 

DEPTH OF 8LOW 
WATER TEST 

STRIKE 3 YIELD 

(m:~.(J.!) . (lis) 

0.47 

2.22 
, 

0.00 
, . 

0.10 
0.10 
'0.00 

, 

.. 

I· 
1.33 
2.22 

--. 
0.00 
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PUMP 
TEST 
YIELD 

(lis) SURFACE LITHOLOGY LITHOLOGY OF WATER STRIKE 
0.56 NGS c"·· -. NGS 

1.25 

- - . --
0.03 
0.08 

0.56 
0.78 ----- -

" 

NGS NGS 

NMP 
NMP 
NMP 
NMP 
NMP 
NMP 
NMP 
NMP 

.,_ NMP granite 
NMPgranite 
NMP granite 
NMP granite 
NMP diorite 
NMPgranite 
NMP granite 
NMP granite 
NMP granite 
NMP granite 
NMP 'granite 

Page 41 

QUALITY 
CLASS AQIJIFER TYPE 

- ---. , 

fractured 
fractured 

--

2 fractured 
,-- --

fractured 
fractured 

1 fractured 
- . 

fractured 
3 fractured 

---- ----
, --- -

2 fractured 
fractured 

2 fractured 
0 fractured 

--._-"-- ---

fractured 



981 
982 
983 
984 
985 
986·----··-
987----- .. 
988 
989 . 
990 
991 . 

992 
993 

LENGTH OF 
mAVERSE 

LENGTH OF 
TRAVERSE 

GEOPHYSICAL METHOD 1 GEOPHYSICAL METHOD21 
METHOD 1 (m) METHOD 2 (m) 
·_·VES 2X .-

YES 
VES 
VES 
VES 
VES 
VES 
VES 
VES 
VES 
VES 
VES 
YES 

j. 

-1-

2X 
2X 
lX 
1X 
1X 
lX 
2X . -
2X 
4X 
lX 
2X 
1X 

1-· 

f-

I Total 

I 
EC TDS hardness 

pH (mS/m) JmQ/I) . Jmg!l) 
7.1 26.3 158 -1- . . 

7~l:121!~- ~4~1 .. 
7.7__10~ _ 6921 .. _ .. __ 

7.7_1261 763 1 
.. -

7.9 83.6 503 - - . 

7.4 39:1 

-8.2/_ 60.3 

269 
400 

T 
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