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FOREWORD 

Dear Groundwater User, 

 

Globally, groundwater makes up 12% of all fresh water on the Earth. Rivers and lakes only make up 1% , 

with the remainder stored in our ice caps. This indicates the critical importance of responsible groundwater 

management. Presently, 2 billion people reside in water-stressed countries, and half of the world's 

population relying on unsafe water resources is in Africa. It is estimated that by 2030, Africa’s population 

will increase by approximately 40%. So, the big question is:  Where will the food supply and additional water 

for irrigation, domestic use, etc., come from? 

 

The information above highlights the need for increased agricultural output, yet for irrigated crops the 

access to volumes of water resources is finite. Thus, the water used for agriculture will have to be used 

more and more efficiently and groundwater exploration will have to proceed with a strong emphasis on 

securing sustainable supplies. For these reasons, Hortgro have appointed GEOSS South Africa (Pty) Ltd 

to conduct a geohydrological within their main pome and stone fruit production areas, as well as provide 

recommendations to promote sustainable groundwater use. To this aim, groundwater management 

guidelines have been compiled to assist the pome and stone fruit industry best manage this unseen 

resource.  

 

This guideline stems from this work, aiming to offer an in-depth overview of groundwater resources, 

covering its occurrence, distribution across South Africa, and outlining the entire "life cycle" of groundwater 

development projects—from drilling and yield testing to monitoring and obtaining authorization for use. The 

National Government of South Africa has been the custodian of all water resources, requiring authorization 

for use since 1998. One of the primary objectives of this guideline is to emphasize that sound science 

underpins the topic of groundwater and all associated aspects (exploration, development, monitoring and 

management). Another goal is to encourage all groundwater users to effectively manage groundwater 

through monitoring water levels, flow, quality and rainfall. Achieving an increase in awareness and 

monitoring, as a result of this publication, would signify a successful outcome. 

 

There is a wealth of text, literature, and useful websites on groundwater. Please use this guideline and 

additional available information to ensure responsible and sustainable groundwater use. This is especially 

vital considering the pivotal role agriculture plays in South Africa and Africa, and its need to safeguard 

groundwater availability for future generations.     
 

 
Kind regards, 

Julian Conrad  

Hydrogeologist at GEOSS  

 
 
 
 



INTRODUCTION 

South Africa, a country characterized by diverse climatic conditions, faces a scarcity of water resources in 

many regions. Groundwater plays a crucial role in supplying water, particularly in arid areas, where it is 

essential. Approximately 70% of all groundwater usage is allocated to agricultural purposes. However, there 

is still a lot of uncertainty about the identification of groundwater sources, determining the safe yield of 

boreholes, and there are still very few instances of proper groundwater monitoring. Additionally, there is 

confusion around the authorized utilization of groundwater. The current situation leads to unnecessary 

expenditures during groundwater development, and numerous irrigation schemes are established with very 

little scientific knowledge of borehole and groundwater characteristics. Groundwater must be used carefully 

as it is a finite resource and overuse can have long term effects on an aquifer. 

 

Understanding the presence of groundwater is best approached by considering its role in the water cycle 

(Figure 1). Over time, nearly all groundwater originated as rainfall that landed on the earth’s surface. 

Subsequently, a significant portion of this rainfall flowed downhill in small streams and rivers, eventually 

converging into dams or the sea. Some evaporated back into the atmosphere, while a small amount 

infiltrated into the soil and rocks below the surface. The water that infiltrates below the surface accumulates, 

becoming groundwater that slowly flows and can accumulate either through fractures in the rock or the 

weathered sands and soils above the bedrock. This is known as an aquifer. As water flow is driven by 

pressure and gravity, groundwater typically moves from inland towards the coast, occasionally forming 

springs along its path. Upon surfacing, whether through a spring or by reaching the sea, groundwater can 

evaporate, contributing to the formation of clouds and perpetuating the water cycle. 

 

 
Figure 1: Water cycle diagram 



 

Keeping the water cycle in mind, the amount of groundwater in different areas depends on a few simple 

questions. These are: 

• How much rainfall occurs in the area (or in the nearest mountains)?  

• How much of this rainfall can get into the ground without evaporating or flowing into streams? 

• Once in the ground, how easily can the water flow or collect? 

 

The first question can be quite easily answered. Map 1 gives an average yearly rainfall map of South Africa, 

showing places that have a lot of rainfall (dark blue) and little to no rainfall (red) along with the fruit 

production regions for reference. Thus, for a farm or town in South Africa it is already known whether there 

is a lot of rainfall in the area or not, and this can be the first step to understanding the groundwater of the 

area. 

 

Map 1: Rainfall of South Africa (Schulze, 2009) 

The second and third questions are a little more complicated, but both depend mostly on what type of rocks 

are below the surface (geology of the area). Varied geological conditions play a crucial role in determining 

whether rainfall in an area can easily penetrate the ground (such as in coarse sands or extensively fractured 



rocks) or whether it will stagnate and evaporate (as in clays or solid rocks without fractures).  The geology 

will also determine how difficult it is for the groundwater to flow once it starts building up pressure. 

Groundwater that flows underground for a long time will start to pick up salts and metals from the rocks that 

it travels through. Groundwater, during its underground journey, may absorb salts and metals from the 

rocks through which it travels. 

 

Groundwater can also be stored, in some cases accumulating slowly over decades, centuries or even 

millennia. In these regions, rainfall may be scarce, but under appropriate geological conditions, drilling 

underground may intersect seemingly high yielding fractures. If these boreholes are recharged by distant, 

more abundant rainfall, they can be sustainable if correctly yield tested and utilized. However, if they 

intersect high-storage aquifers with slow recharge rates, they may deplete faster over time than they can 

be replenished if the pumping rate exceeds the recharge rate. This can be determined during scientific yield 

tests, but ultimately requires very careful monitoring and informed management to prevent boreholes 

becoming dry.  

 

An example of slow cumulative over abstraction is in Mogwadi/Dendron, Limpopo, where large volumes of 

water were used for private farming in the 1970s and 1980s. Boreholes using groundwater from the 

fractured aquifers at depth were not correctly tested and were used unsustainably, resulting in the aquifer 

being depleted in some places (Food and Agricultural Organisation of the United Nations, 2004). 

 

A simple geological map of South Africa (Map 2) shows both which different rock types or groups can be 

expected in different areas, and the fruit production regions. By using the rainfall and geological maps of 

South Africa, geohydrologists can estimate what types of aquifer (karst, fractured, intergranular or 

intergranular and fractured) is likely to be found in and what the expected groundwater quality may be like 

for an area.  



 

Map 2: Simplified Geology of South Africa (adapted from CGS, 2008) 

 

Fractured aquifers form in bedrock environments where groundwater flow is along the fracture planes and 

the storage is often in surrounding micro-fractures. These planes can be horizontal, vertical or anything in 

between, typically having widths of less than 1 mm which puts these planes under a great deal of pressure. 

Karst aquifers are a special type of fractured aquifer found specifically in limestones and sometimes 

dolomitic rock types. The acidity of the water dissolves the carbonate rock materials to form tunnels and 

caves. When these fill with groundwater they form karst aquifers (Figure 2). Intergranular aquifers are found 

where the groundwater flow and storage are both between grainy particles, such as silts, sands and gravels 

(Figure 3).  

 



     

Figure 2: Fractured aquifer (left), Karst aquifer (right) (Kelley and Johnson, 2023) 

 

 

Figure 3: Well sorted (left) and poorly sorted (right) Intergranular aquifers(Kelley and Johnson, 2023) 

 

Map 3 and Map 4, used in conjunction with additional information on boreholes distributed throughout the 

country, could be of great assistance to geohydrologists to predict the type of aquifer expected in different 

areas and how best to use the groundwater in those areas. These maps are, however, very generalised 

and show the average expectations for different regional areas. In fractured bedrock aquifers it is important 

to understand that almost all the groundwater flows through cracks in the rock, thus random drilling will not 

necessarily yield good results. 

 

While a geologist is someone who studies rocks (mineral and rock types, formation and 

deformation processes and mineralisation), a geohydrologist uses a geological understanding to 

study and understand the movement and storage of water in different geological settings. 



 

Map 3: Aquifer Types of South Africa (1:500 000) (DWAF, 2000) 



 

Map 4: Groundwater Quality of South Africa (1:500 000) (DWAF, 2005) 

 

 

 

 

 

 

 



DRILLING BOREHOLES 

Before drilling a borehole, especially in large study areas like farms or municipalities, a critical decision 

must be made regarding where to drill. In some cases, there may be multiple suitable areas on a single 

property for groundwater development, while in other instances, none may be viable. Although the general 

geology and average rainfall in an area offer clues about groundwater conditions, the geology can vary 

significantly within a short distance. The direction of groundwater flow in the area is also important in 

determining the drilling location. Simply drilling deeper is not always the best solution, as many shallow 

freshwater aquifers have been contaminated by drilling deeper and finding saline water deeper down which 

mixes into the shallow aquifer after drilling. Another consideration, particularly on a large property, is the 

location of existing infrastructure like power supply and water pipes, as new installations can significantly 

impact borehole costs. 

 

In most cases, deciding where to drill a borehole should be done based on a geological understanding of a 

study area. This includes an understanding of the geology at surface, as well as a three-dimensional 

conceptual understanding of what is going on below the surface. To gain a deeper understanding of the 

geological setting, detailed geological maps can be requested from the Council for Geoscience. Earth 

scientists with a background in geology can conduct field surface mapping and in addition to this (not as a 

replacement for this) a geophysical survey can be conducted.  

 

Geophysical science is the study of how the different materials of the earth (sands, clays, dense rocks, light 

rocks, etc) behave physically (for example, how they interact with different electrical or magnetic signals). 

In South Africa, the most common forms of geophysical surveys in connection with groundwater studies 

are electrical resistivity methods, electromagnetic methods and magnetic methods. Understanding these 

methods can be complex and they should be used carefully and interpreted by someone who has studied 

geophysics and is familiar with the geology of the area. The geophysical surveys are also mostly used to 

better understand the geology, not necessarily the groundwater. It is the task of a geophysicist to use the 

geophysical surveys in an area to help a geohydrologist better understand the underground geology and 

relevant groundwater controls.  

 

The geohydrologist should also spend time visiting other boreholes in the area and mapping these in 

relation to the geology map of the area. By consolidating information from surface geology, underground 

geology, flow directions, and data from other boreholes, a geohydrologist can recommend the optimal  

borehole location. 

 

In South Africa (and elsewhere in the world) boreholes are often drilled based on the suggestions of a water 

diviner or water douser. A water diviner is someone who claims to locate underground water based on the 

way an object held in their hand moves as they walk in the field. While this method may be near and dear 

to many groundwater users’ hearts; time, experience and controlled testing has shown that a scientific 

approach using geological mapping, geophysical surveys and sound geohydrological conceptual modelling 

is more likely to be successful. 

 

Irrespective of how someone chooses to site a borehole, the drilling of a borehole is not a simple operation. 

There are many questions that should be asked of a drilling contractor before a borehole is drilled. Here 

are some of the most important ones: 

• What is the estimated depth of drilling? 

• How much casing will be needed? 

• What type of geology will be drilled through? 

• What method will be used to drill to this depth, and can it go deeper if necessary? 

• What is the expected cost to drill this borehole? Remember, the two questions before this can change 

the price hugely! 

• Can the driller develop the borehole after drilling, and for how long? 



 

Once again, the answers to these questions can be estimated from the geology of the area but can also be 

answered by drillers who are used to working in the area. Drilling a 165 mm diameter borehole 20 m into 

sand is very different to drilling a 305 mm diameter borehole 150 m into rock. For groundwater drilling in 

South Africa there are two main drilling methods which are used, depending on the geology. These are 

mud rotary and air percussion.  

 

Air percussion involves drilling with a pneumatic hammer drill bit to break up the rock, while blowing air 

into the bottom of the borehole to blow out the rock chips, refer to Figure 4. This method is typically used 

in hard rock geologies which will not collapse easily while drilling. An advantage to this is that it is relatively 

fast, the drill chips can be collected every meter to log the geology and water strike depths are quite easy 

to note and measure. Disadvantages are that in softer formations the open rock can collapse onto the drill 

bit during rod changes, risking the loss of equipment and losing the borehole in some situations. To avoid 

this occurring, certain percussions drilling techniques allow for the simultaneous installation of steel casing.  

 

 

Figure 4: Air Percussion drilling set up 

 

Mud rotary drilling is typically used to get through soft, saturated formations, such as sands or clays. A 

thick, sticky mud is pumped into the borehole while being slowly drilled, which coats the wall of the hole 

and holds it open during drilling. The mud will degrade and dissolve in time (depending on how much water 

is in the area). During this time a flush-threaded, factory perforated uPVC casing with centralisers should 

be installed with a suitably sized gravel pack to filter out the aquifer materials (fine sands will require a 

different filter pack to coarse sands).  

 

Once drilling has been successfully completed (whether air percussion or mud rotary) a borehole should 

be developed by the driller to force the groundwater out the borehole and to flush out any drilling fluids or 

mud in the process. While this is happening (typically a minimum of 2 – 4 hours) the driller can measure 

the airlift yield of the borehole (how much water is being blown out the borehole). This is NOT the 

sustainable yield of a borehole and many boreholes have been overused (and sometimes 

underused) by putting the wrong size pump in the boreholes based on the airlift yield. In most cases 

this means that the pump burns out and have to be replaced, but in some cases the actual borehole can 

be damaged by over pumping. 



 

The final task a driller has is to give their client a borehole log, recording the date drilled, name of the 

borehole, where the borehole is, what materials they drilled through (geological log), where they intersected 

a water strike and how the borehole is constructed (drilling diameters and depths, steel casing depths, PVC 

inner casing depths and where perforated, gravel packs, etc). An example of this is provided in Figure 5 

and this information is used by a yield test contractor to decide at what rate to scientifically test a borehole. 

The borehole pump should only then be selected after a scientific yield test is performed and the test has 

been analysed by a geohydrologist. 

 

Choosing where to drill a borehole should be based on the underground geology, not wishful 

thinking 

 

 



 

Figure 5: Drilling Log Example 

Location: Municipal Sportsfield
Date: 26-Jan-24
Client: Mr Tomlinson

Water level (1.26m)

(0 - 10 mbgl)

Sandstone

127mm  
PVC casing
(0 m-81 m)

127mm  Slotted
PVC casing
(57 m-81 m)

Water strike (77m)

Drilled By: XXXX Drillling
Drill Method: Air Persussion
Logged By: GEOSS

EOH (81 mbgl)

Water strike (35m)

Water strike (65m)

177mm Steel casing

Remarks:

Latitude:
Longitude:
Ground Elevation:

-32.785369
18.956812
58 mamsl

Borehole 

Construction

Description & water 

strike

Lithological 

Description

Log of Borehole No.: BH12

Airflit yield = 25 L/s

Lithology Symbol & Depth (m)

0

10

20

30

40

50

60

70

80



BOREHOLE YIELD AND QUALITY TESTING 

To determine the sustainable yield of a borehole and obtain the appropriate management requirements, it 

is essential to conduct a scientific yield test. This test involves pumping the borehole at a controlled constant 

rate while accurately measuring the response in water level. Scientific yield testing should adhere to the 

National Standard (SANS 10299-4:2003, Part 4 – Test pumping of water boreholes), making it acceptable 

for licensing a borehole with the Department of Water and Sanitation (DWS). 

 

The initial phase of this procedure involves the execution of a Step Test. During the step test the borehole 

undergoes pumping at incrementally rising constant rates for one-hour intervals, while simultaneously 

documenting the response in water level. A step test typically comprises of four to six steps.  

 

The step test is followed by a Constant Discharge Test (CDT). The CDT is initiated once the borehole has 

fully recovered from the Step test. This suggests that the water level has returned to its pre-test level. During 

CDT, the borehole is pumped at a constant rate for a minimum of 24 hours, often extending to 48 or 72 

hours, based on the intended use and importance of the borehole.  

 

During the CDT it is crucial to maintain a consistent flow rate while continuously recording the response in 

water level. Selecting an appropriate pumping rate for the CDT, from the data obtained during the step test, 

is essential. The primary aim of the test is to lower the water level as much as possible during the pumping 

period, without reaching the pump inlet too quickly. A test is typically deemed successful if the pump inlet 

is reached at the end of the intended pumping period or if 75% of the available drawdown has been reached 

by the end of the pumping period.   

 

Upon reaching the pump or completing the designated CDT time, the borehole is left to recover. During this 

phase, recording of the water levels is essential to analyse the recovery of the borehole. This phase is 

known as the Recovery Test. Figure 6 illustrates a graphed example of the data collected during a yield 

test. 

 

The data obtained from the SANS-approved yield tests should be analysed by a qualified hydrogeologist 

to determine the sustainable yield of the borehole and develop an appropriate management plan. Based 

on the results of the yield test, factors such as the abstraction rate, durations of abstraction and rest, pump 

installation depth, critical water level, and dynamic water level (pump duty point) should be determined. 

This analysis will enable optimal management and the selection of an appropriately sized abstraction pump. 

 

It is important to note the existence of a traditional borehole testing method, commonly referred to as a 

constant head test or farmer test. This method is conducted in an unscientific manner and is inadequate 

for determining a borehole's sustainable yield and predicting the pumping water level. Typically, the test 

involves dropping a pump close to the bottom of the borehole and pumping at the maximum rate. As the 

water level reaches the pump and the pump begins "sucking air," it is gradually throttled until it ceases to 

draw in air. The flow rate is then monitored, usually for approximately 8 to 12 hours. Subsequently, the 

pump contractor will advise the client to utilize the borehole at either 2/3 or 1/2 of this capacity, depending 

on their judgment. Regrettably, this test provides limited insights into how a borehole can be sustainably 

pumped over the long term. At times, the borehole can handle a higher pumping rate, while in other 

instances, a significantly lower rate may be advisable.  

 

Correctly yield testing a borehole helps with ensuring the sustainability of the groundwater 

resource 



 

 

 
Figure 6: Yield test data and graph example 

 

Towards the end of the Constant Discharge Test, a water sample should be taken from the borehole and 

submitted to an accredited laboratory for quality analysis to determine whether the groundwater is fit for 

purpose (with or without treatment) depending on the planned use. It is important that a sample is taken 

after the borehole has been pumped for several hours as this will be indicative of the water quality in the 

aquifer itself. 

 

The chemistry results obtained for the borehole is then classified according to the SANS241-1: 2015 

standards for domestic or irrigation water, depending on the intended use of the water. Table 1 displays 

the colour coded SANS241-1: 2015 classification limits.  

Table 2 show cases an example of the water quality analysis. The limits and associated risks for domestic 

water as determined by the South African National Standard (SANS) 241:2015 are as follows, where:  

 

• Health risks: parameters falling outside these limits may cause acute or chronic health problems in 

individuals.  

• Aesthetic risks: parameters falling outside these limits indicate that water is visually, aromatically 

or palatably unacceptable.  

• Operational risks: parameters falling outside these limits may indicate that operational procedures 

to ensure water quality standards are met may have failed. 

 

Table 1: Classification table for the specific limits. 

Acute Health Aesthetic Chronic Health Operational Acceptable 

 

 



 

Table 2: Example of Water Quality Analysis. 

Analyses  BH1  SANS 241-1:2015 

Date and Time Sampled 26/06/2020 @ 8:15 am 

pH (at 25 ºC)  4.7 ≥5 - ≤9.7 Operational 

Conductivity (mS/m) (at 25 ºC)  141.7 ≤170 Aesthetic 

Total Dissolved Solids (mg/L)  960.73 ≤1200 Aesthetic 

Turbidity (NTU)  15.00 ≤5 Aesthetic ≤1 Operational 

Colour (mg/L as Pt)  <15     ≤15 Aesthetic 

Sodium (mg/L as Na)  126 ≤200 Aesthetic 

Potassium (mg/L as K)  5 N/A 

Magnesium (mg/L as Mg)  37 N/A 

Calcium (mg/L as Ca)  72 N/A 

Chloride (mg/L as Cl)  243.07 ≤300 Aesthetic 

Sulphate (mg/L as SO4)  310.02 ≤250 Aesthetic ≤500 Acute Health 

Nitrate & Nitrite Nitrogen (mg/L as N)  <1.05 ≤12 Acute Health 

Nitrate Nitrogen (mg/L as N)  <1.00     ≤11 Acute Health 

Nitrite Nitrogen (mg/L as N)  <0.05     ≤0.9 Acute Health 

Ammonia Nitrogen (mg/L as N)  0.40 ≤1.5 Aesthetic 

Total Alkalinity (mg/L as CaCO3)  <10.00     N/A 

Total Hardness (mg/L as CaCO3)  331.7 N/A 

Fluoride (mg/L as F)  10.20 ≤1.5 Chronic Health 

Aluminium (mg/L as Al)  3.317 ≤0.3 Operational 

Total Chromium (mg/L as Cr)  0.006 ≤0.05 Chronic Health 

Manganese (mg/L as Mn)  0.014 ≤0.1 Aesthetic ≤0.4 Chronic Health 

Iron (mg/L as Fe)  24.906 ≤0.3 Aesthetic ≤2 Chronic Health 

Nickel (mg/L as Ni)  <0.008 ≤0.07 Chronic Health 

Copper (mg/L as Cu)  <0.002 ≤2 Chronic Health 

Zinc (mg/L as Zn)  0.042 ≤5 Aesthetic 

Arsenic (mg/L as As)  <0.010 ≤0.01 Chronic Health 

Selenium (mg/L as Se)  <0.008 ≤0.04 Chronic Health 

Cadmium (mg/L as Cd)  0.002 ≤0.003 Chronic Health 

Antimony (mg/L as Sb)  0.013 ≤0.02 Chronic Health 

Mercury (mg/L as Hg)  <0.001 ≤0.006 Chronic Health 

Lead (mg/L as Pb)  <0.008 ≤0.01 Chronic Health 

Uranium (mg/L as U)  <0.028 ≤0.03 Chronic Health 

Cyanide (mg/L as CN-)  0.022 ≤0.2 Acute Health 

Total Organic Carbon (mg/L as C)  19.60 N/A 

E.coli (count per 100 ml) 1 Not Det. Acute Health-1 

Total Coliform Bacteria (count per 100 ml) 200 Not Det.≤10 Operational 

Heterotrophic Plate Count (count per ml) 10 ≤1000 Operational 

 



MONITORING AND MANAGING A BOREHOLE 

Once the yield of a borehole is determined, and the appropriate pump has been purchased and installed, 

it is strongly recommended to continuously monitor the borehole for effective management. Proper 

management of a borehole ensures that even though seasons and climate changes occur, the borehole 

can be used to optimise current supply without sacrificing future supply. Referring back to the brochure's 

introduction, we must remember that borehole water originates from rainwater, making long-term rainwater 

trends (such as drought years or higher rainfall years) eventually impact the groundwater in an area.  

 

The use of a borehole can lead to sediment or iron buildup on the pump or in the borehole if present in the 

water, potentially reducing the borehole's yield or causing the water level to drop to the pump level, resulting 

in pump overheating. Just as the water level in a dam influences water usage, the water level in a borehole 

should be monitored and managed. 

 

To understand what causes changes in the water level, a flow meter (Figure 7) should be attached to the 

outlet of the borehole to monitor the flow. This can be done in different ways and at different costs, but as 

with most equipment, the more information there is to record, the more expensive it can be. At the most 

basic level, the water level in a borehole should be measured before a pump is turned on and before it is 

turned off every time the pump is used, with the flow meter readings recorded along with the date and time.  

 

  

Figure 7: Examples of different flow meters 

 
Saving this data in a simple spreadsheet provides a record of the borehole's performance. Over time, these 

readings indicate whether the aquifer is coping or being over-abstracted, and the drop in the borehole level 

after each pumping cycle offers insights into the pumping intensity and the risk of pump burnout. 

 

Manual measurement of borehole water levels can be recorded using a dip meter. This portable battery-

operated instrument has a sensor at one end of a calibrated cable, which winds onto a reel to accurately 



measure the water level. The sensor is lowered into the borehole via an observation tube (usually installed 

alongside the riser pipe as shown in Figure 8).  

 

Additionally, a pressure transducer, also known as a data or level logger, can be installed in the observation 

pipe, measuring and recording the water level electronically. The sensor, ideally equipped with logging 

functionality, hangs on a steel cable so that it can be retrieved and the latest data downloaded to be stored 

on a database together with hand readings of the water levels.  

 

 
Figure 8: Monitoring Infrastructure 

 

Having a logger allows a much more detailed understanding of the borehole, for example “when the pump 

turns on the water level drops 10 m in the first 30 min and then slows down to drop another 5 m in the next 

2 hours after which the water level drops slowly for another 1 m until the pump is switched off after 12 hours 

of pumping. After rainfall events the water level drops less, but when the nearby neighbouring borehole is 

used it drops much faster”. The logger enables a frequent groundwater user such to understand how much 

water they are likely to have at different times of the year and to make sure they don’t run out unexpectedly.  

 

Figure 9 illustrates an example of a monitoring graph from logger data, indicating sustainable borehole 



use. If needed, this borehole could be pumped at a higher rate or for longer periods On the other hand, 

Figure 10 depicts an overused borehole at risk of pump burnout and / or causing iron to build up in the 

groundwater fractures and /or resulting in aquifer collapse.  

 

 
Figure 9: Example of a well monitored borehole 

 

 
Figure 10: Example of over abstraction 

 

The logger can be installed on a direct read cable, allowing surface readings without pulling it up each time. 

It can also be part of an online telemetry system, offering clients or consultants the ability to view daily water 

levels remotely. Of course, each improvement in the monitoring system incurs an additional cost. Table 3 

summarises estimated costs for the different options, as well as a short description of the purpose they 

serve. 



 

Effectively managing the water levels within a borehole is one of the essential factors in ensuring 
its sustainable long-term usage. 

 
Table 3: Estimated Costs of Monitoring Infrastructure 

Item Estimate Cost Description/Comments Use/Benefit 

Observation 

pipe 
R8 000 – R12 000 

32mm OD, 28mm ID, cable 

tied at bottom, from surface to 

pump. 

Keeps logger or dipmeter safe from 

tangling with pump. 

Flow meter R8 000 – R15 000 Built in close to borehole. 
Required to monitor flow. 

Compulsory. 

Dipmeter 
R5 000 – 

R15 000 

Can be a simple wire, marked 

every meter on a reel, or more 

complex to measure 

temperature and EC if 

required. Must be at least as 

long as pump depth. 

Measuring the water level depth in 

the borehole at different times is key 

to proper management. 

Data Logger 
R15 000 – R20 000 

per logger 

Must be suited to installation 

depth (pressure capability of 

the logger). 

Records water levels (and 

temperature, pH and EC if necessary) 

at pre-set intervals. More continuous 

data than dipmeter readings, better 

management. 

Telemetry 
R60 000 per 

borehole 

Requires power source, direct 

read cable to logger and flow 

meter. 

Logger and flow meter data can be 

uploaded online from a borehole, to 

enable monitoring/management from 

anywhere without visiting the site. 

Automated 

Pump Switch 

R2 000 – R6 000 per 

borehole, depending 

on depth and 

specifications. 

Linked to logger or set to 

timer. 

If a borehole’s abstraction is well 

understood, or if the borehole is used 

on a top up system, the pump can be 

programmed to a schedule or to 

switch on at a certain water level and 

switch off at a critical water level. 

Protects the pump from burning out 

and protects the aquifer from over 

abstraction. 

Management 

Report 

R1 800 per borehole 

report if telemetry is 

installed. 

R 8 000 – R20 000 

per report if driving 

to site and visiting 

boreholes is 

required. 

An analysis of abstraction data 

(flow rates, water levels, 

temperatures, ECs, etc.) by a 

hydrogeologist to scientifically 

assess the borehole’s 

sustainability. 

Allows the user to receive regular 

updates on whether they are over 

abstracting or optimize their borehole 

abstraction. Typically done on a 

monthly, quarterly or bi-annual basis. 

 
 
 
 
 
 
 



 

LEGISLATION 

Today, the National Water Act No. 36 of 1998 regulates the use of water across South Africa. As such, the 
National Government, and the Minister of Water and Sanitation, is the public trustee of South Africa’s water 
resources. Accordingly, since 1998, water is considered a national resource and, by implication, does not 
belong to any one person, such as the landowner, as it previously was under the old Water Act of 1956. 
Once a borehole has been drilled and a feasible water supply has been determined using scientific 
methodologies, a process of registration or authorisation ought to be followed, depending on the intended 
usage. This is important as it ensures that a legal user of groundwater is protected from new groundwater 
users impacting their boreholes. Areas near mines or newly established water-intensive farms may 
encounter groundwater depletion due to mining activities or changes in water levels caused by nearby 
groundwater abstraction. Additionally, groundwater can be at risk of pollution from surface contaminants 
like oils, brines, or other industrial pollutants if they seep into the ground.  
 
It is important to remember that it is the groundwater not the borehole that you are registering and that will 
guide whether or not you need to apply for a water use license. 
 
In short, no registration/authorisation is required under Schedule 1 (small-scale use for reasonable 
domestic and non-commercial gardening and livestock requirements) and the user can continue use without 
permission; 
 
If the water use has been recognised by Department of Water and Sanitation (DWS) to have commenced 
before the implementation of the 1998 Water Act, the use would be considered existing lawful use (ELU). 
The Department of Water and Sanitation is still going through the Verification and Validation process to 
confirm and authorise existing lawful use. If a water user does not currently have access to a certificate 
confirming their water use as existing lawful use, an inquire can be made to their local DWS regional office. 
DWS will then provide confirmation of all authorised and pending water uses for the property. If it has been 
confirmed that the water use is not a ELU or Schedule 1 use, registration or licencing would be required 
(DWAF, 1998). 
 
Registration is required if the intended abstraction volume falls within the quaternary catchment’s General 
Authorisation limit (but is not a Schedule 1 type use); and, authorisation (water use licence) is required for 
volumes exceeding the quaternary catchment’s General Authorisation limit. 
 

The General Authorisation (GA) volume for a property can be determined using this calculation: 
GA (m3/a) = GA quaternary catchment (m3/ha/a) X property size (ha) 

 
The process of submitting a Water Use Licence (WULA) is lengthy and requires the submission of technical 
documents and reports, as well as specialist studies as determined by the Department of Water and 
Sanitation (DWS) and depending on which water uses are triggered. To obtain a water use license for 
abstracting groundwater, both the quality and yield must be scientifically tested and documented. In order 
to license a groundwater use, a scientific study has to be conducted to ensure that the borehole water use 
is sustainable; the aquifer use must be sustainable, the water use may not impact other groundwater users 
in the vicinity, and the owner must use the resource responsibly. By ensuring these conditions are met, the 
DWS regulates the sustainable utilization of groundwater aquifers in our country, preserving them for future 
generations.  
 
Subsequent to the issuance of a water use licence, the licensee is bound by compliance conditions that 
need to be adhered to.  

 

To ensure that the water use is authorised, one must engage with the Department of Water 
and Sanitation. 

 



CONCLUSION 

While groundwater presents a sustainable and cost-effective solution to many of South Africa's water supply 

challenges, the success of groundwater projects typically hinges on thorough planning and discussions 

before borehole drilling. These discussions should include what the required vs expected yield and qualities 

are, outlining the complete operational process. In essence, this involves geohydrological site selection, 

well-informed drilling practices, scientific yield and quality testing, obtaining the necessary licenses from 

authorities, equipping guided by yield testing, and informed management through monitoring, including 

potential treatment and storage. Each of these steps can either lead to the successful implementation of 

groundwater as a viable solution to a water supply problem or result in an expensive and misinformed 

failure. Although these steps are closely interconnected, most companies and contractors tend to specialize 

in only one to three of these aspects. Therefore, it is advisable to organize smaller meetings among the 

different parties involved to ensure clear communication and collaboration.  

 

The various steps that need to be taken are outlined below and include parties that should be involved: 

• Borehole Siting – Geohydrologist (along with geophysicist and geologist). 

• Drilling – Drilling contractor and geohydrologist (possibly environmentalist as well, depending on the 

area and scale of the project). 

• Yield and Quality Testing – Yield testing contractor, geohydrologist and water chemistry laboratory 

(potentially environmentalist as well, depending on the area and scale of the project). 

• Authorisation – Geohydrologist and Department of Water and Sanitation 

• Equipping – Local/regional supplier of borehole pumps (who will require the drilling log/report and the 

yield and quality report), with monitoring infrastructure and equipment.  

• Treatment and Storage – Water treatment specialist (who will require the yield and quality report, as 

well as the specifications of the equipment to be installed). 

• Long-term management to ensure sustainable use – Geohydrologist and the water user.  

 

Depending on the size of the project some of these steps may be simple and quick to address, often leading 

groundwater users to overlook them entirely. Whether simple or complicated it is highly advisable to 

thoroughly discuss each of these steps before proceeding with the project. Groundwater is a valuable 

resource that should be treated with respect and protected accordingly by all. Borehole drilling is not a 

simple once-off exercise. Users need to remember that boreholes require on-going care and maintenance. 
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