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GLOSSARY 

 

 
Unconfined aquifer: An aquifer in which the water table (i.e. the top of the saturated 

zone at which pore water pressure is at atmospheric pressure) is free to fluctuate. 

Confined aquifer: An aquifer which is overlain by a confining layer of significantly lower     

permeability which restricts vertical movement of water and contains the groundwater 

under pressure greater than atmospheric pressure.  If the aquifer is penetrated, the 

water level may rise above the top of the aquifer, and even above the ground surface, to 

reach its potentiometric level on an imaginary surface representing pressure or hydraulic 

head in the artesian aquifer, analogous to the water table of an unconfined aquifer. 

Aquifer: A consolidated or unconsolidated geologic unit (material, stratum, or 

formation) or set of connected units that yield a significant quantity of water of suitable 

quality to wells or springs in economically usable amounts. 

Aquitard: a geologic material, stratum, or formation of low permeability (a confining 

unit) that transmits significant amounts of water on a regional scale or over geologic 

time. 

Aquiclude: a geologic material, stratum, or formation that contains water (i.e. has 

porosity) but does not transmit it (i.e. has zero or negligible permeability). 

Specific storage: The volume of water that a unit volume releases from or takes into 

storage when the pressure head in the unit volume changes a unit amount. 

Storativity: The volume of water an aquifer releases from or takes into storage per unit 

surface area of aquifer per unit change in the component of pressure head normal to 

that surface. 

 

 

 

 

 



 
 
 
 

1.0 INTRODUCTION 

A scheme for groundwater development has the following key purposes: 

 To produce water from a large subterranean reservoir (aquifer) and to demonstrate the 

economic advantage(s) (if any) of this resource; 

 To obtain fundamental information about hydrogeological properties and parameters in 

the aquifer and its interaction with related systems, in preparation for future expansion 

into a larger scale and wider extent of exploitation; 

 To set up a coordinated management and monitoring system to address the medium- 

to long-term uncertainties about sustainability, impact on the environment and existing 

usage, either surface or groundwater, and the consequent  legal and social 

impacts of groundwater abstraction; 

 Identify go/no-go criteria for incremental expansion of the scheme. 

2.0 AREA OF INVESTIGATION 

        The farm is 15km from Humansdorp just off the R332. 
 

 
A satellite image of borehole 1 with coordinates. 

 



 
 
 
 
 

3.0 GEOLOGY / HYDROLOGY OF THE AREA OF INVESTIGATION 

 

Consolidated hard rock mass formed over a period of about 800 million years, 

experienced intrusion episodes in an early stage and subsequently endured several 

deformation phases. The deformation processes and succeeding orogenesis, 

continental uplift, weathering and erosion (Geomorphology) all aided in the 

development of the present groundwater environment. Competent rocks underwent 

brittle failure, resulting in numerous fracture structures in formations containing 

significant arenaceous material, thus furthering the formation of fracture porosity. 

In contrast, the incompetent rocks were more flexible and less inclined to break, 

thereby inhibiting the formation of fracture porosity 

 

The existence or absence of fracture structures and prevailing groundwater recharge 

conditions thus play a decisive role in the occurrence and characteristics of 

groundwater. 

 

 

     Table Mountain Group (TMG) 

 

The TMG consists of four units, namely (thickness in brackets) the basal Sardinia Bay 

Formation (180 m), the Peninsula Formation (1500 m), the Cedarberg Formation (50 m) 

and the topmost Nardouw Subgroup (850 m) (Geological Survey Handbook 8,1980). Only 

Cedarberg Formation (Oc) and  Nardouw Subgroup (Sg, Ss, & S-Db) occur in the map 

area. 

 

The more important geological and groundwater characteristics are as follows: 

 

The Cedarberg Formation is primarily an argillaceous unit, while the Nardouw Subgroup is 

predominantly  arenaceous. The arenaceous content of the sandstone units varies 

between 75 and 90%. 

 

The arenaceous: argillaceous ratio of approximately 80:20 has an important bearing on 

both borehole yield and groundwater quality. Groundwater sources in predominantly 

sandstone units tend to have higher yields than those in shaly material. Water from 



boreholes in sandstone has, almost without exception, a better quality than those in shale. 

 

A network of joints and fractures control the infiltration, recharge, storage and movement 

of groundwater in the competent, and often' brittle-natured, arenaceous units of the TMG, 

Fracturing may extend down to several hundred metres in many areas and deep 

groundwater circulation is one of the notable groundwater characteristics of the TMG, 

Despite the often highly fractured nature of the TMG sandstones, secondary groundwater 

storage is often limited, which could result in the rapid depletion of an aquifer under 

significant groundwater abstraction. 

 

The TMG rocks generally constitute the mountainous areas, which in turn control the 

occurrence of precipitation to a considerable extent. Due to the fractured nature of the 

sandstones in generally high rainfall regions, recharge is favourable. Infiltration rates of up to 

15% and more of precipitation are possible in certain areas. 

 

An abundance of springs issue from the TMG sandstones. Three kinds of springs can be 

distinguished: 

 

 Fracture and major structure controlled, relatively peep circulating springs with often 

large constant supplies. The Uitenhage Spring is an example: its average flow rate is 

44.7 l/s, and the yield fluctuation varies between 44, 4 and 45.2 l/s. 

 

 Lithologically controlled, relatively shallow circulating springs. These springs issue due 

to the presence of impeding layers such as the Cedarberg shale. The Humansdorp 

Spring is an example. Yields from these springs are less constant and 

seasonal yield fluctuations are a distinctive feature. The average flow rate of 

the Humansdorp Spring is 28 l/s but seasonal yield fluctuations vary between 

16 and 40 l/s. The bulk of the perennial springs issuing from the TMG 

sandstones are likely to be lithologically controlled. 

 

 Springs seeping from numerous small fractures and joints. They are very evident 

during and shortly following rainy spells. They are however highly seasonable and 

cease to exist with the onset of dry weather conditions. 

 

3.1 Hydrogeology 

Groundwater occurs mainly in the rock matrix. Principal transmissivity is derived 

from large but infrequent fractures. These fractures have a relatively low storage 

capacity. Secondary transmissivity occur by numerous micro fissures with higher storativity 

but lower transmissivity. Hence the name dual porosity aquifers. Deeper fractures often 

have a higher transmissivity but lower storativity than shallow fractures. 



 

The existence or absence of fracture structures and prevailing groundwater 

recharge conditions thus play a decisive role in the occurrence and 

characteristics of groundwater. 

4.0 METHODOLOGY 

4.1    Pump Testing Methodology 

The borehole was pump tested as per DWS min standards. The aim of yield testing the 

borehole was to assess the production capacity of the borehole and thus by inference the 

yield potential of the aquifer.  

The borehole was not yield tested with a step drawdown test, but by a constant rate test 

and recovery. 

 The constant and recovery thereof was completed at 0.1.5 l/s. 

The following information was recorded before the pump testing started: 

- Static water level, borehole depth, pump test inlet. 

4. 2  Water Quality 

The water quality is exceptional except for turbidity and iron. Refer to appendix 1. 

4.3    Management Recommendations 

On receiving testing data, detailed borehole management recommendations were 

compiled (appendix 1). 

These management recommendations summarise the following information: 

- General borehole information, 

- Testing information,  

- Borehole recommendation (abstraction yield, pump schedule, pump depth, and pump 

type). 

The sustainable yields (MR’s) of the boreholes are scientifically calculated by 

means of the Fc and Cooper & Jacob and Theis methods. The Fc method uses 

derivatives, boundary information and error propagation to evaluate the pump 

test data. 



 

5.0      RESULTS 

The data and results of the modeling are mentioned below. The management 

recommendations are in appendix 1. The following models were utilized in order to 

ascertain the sustainable yield of the boreholes: 

 Basic FC. 

 FC inflection point. 

 Cooper-Jacob. 

 FC Non-linear. 

 Barker. 

Relevant Data: 

Static water level = 7.2 mbgl 

Borehole depth = 130 m 

Pump installation = 70 m 

Available drawdown = 63 m. 

The overall drawdown and recovery is depicted below. 

 

 

6.0      CONCLUSION / RECOMMENDATIONS 

The borehole can safely yield 3600 l/hour (1 l/s)over 8 hours (29000 l/day). This 

according to the Engineering Handbook for Standards is sufficient for 27 households 

taking into consideration a 10% loss. 

Increased yield to 2.0 l/s 
In last 6 hours. 



 

The following is evident from the modeling and investigation: 

 Recovery is not complete, the aquifer is being slowly depleted over time. 

 Recharge however is rapid in these formations during good rainfall periods. 

 The fracture system is limited. This is perhaps also a function of a badly 

developed borehole with 140mm PVC casing. 

 The variations in temperature change can be ascribed to: 

o Fractures not easily allowing water into the borehole due to poor borehole 

construction. 

o The lack of transmissivity due to incorrect placing of slots in the casing or 

lack of them. 

o No gravel pack. 

 The water quality is excellent (DWS Class 0), except for: 

o Turbidity (silty, sandy material) that clogs pumps and has to be 

removed before being used for domestic water. 

o The variation in water temperatures could also be as result of the test 

pump clogging.. 

o Iron (Class 3) is very high and is detrimental for all domestic uses 

(drinking to washing). 

The following is recommended; 

 Set the delivery at 3600 l/hour for 8 hours and monitor static water level after a 

week. Adjust yield accordingly at the gate valve.  

 For domestic use install an inline chlorinator or ultra filtration which removes 99% of 

all pathogens and viruses. Remove the iron and sediment via oxidation and filtration. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Appendix 1 

Aquifer Modeling & Management Results 

Water Quality 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 
 

 



 
The term "water quality" is used to describe the microbiological, physical and chemical properties of 

water that determine its fitness for a specific use. These properties are determined by substances 

which are either dissolved or suspended in the water. Water is a unique substance; one of its unique 

characteristics is its excellent dissolving capability. As water moves through its cycle of rainfall, 

runoff, infiltration, impounding, use and evaporation, (hydrological cycle) it comes into contact with 

a vast range of substances which may be dissolved by the water to a greater or lesser extent The 

type and amount of these dissolved substances (together with suspended and colloidal substances) 

determine the properties (quality) of the water. Substances that can be dissolved by water include 

gasses such as oxygen (O2) and carbon dioxide (CO2), inorganic compounds such as sodium 



chloride (NaCl) and calcium sulphate (CaSO4), and organic substances such as humic acids and 

carbohydrates. In order to evaluate the quality of water one has to determine the concentration of 

dissolved substances that are relevant to the particular use of the water, (together with the physical 

and microbiological properties of the water). 

Suspended substances. 

 In addition to the substances that are dissolved in water, some substances may not dissolve in 

water but remain in suspension as very small suspended or colloidal particles. These particles also 

affect the quality of the water and their presence and concentration in water must also be 

determined. An example of this category of substances is micro-organisms. They are so small that 

they cannot be seen individually with the naked eye but they may have important effects on water 

quality.  

What is fitness for use? Fitness for use describes the required water quality for a specific use. 

 

 Water use. 

 Different water uses require different qualities of water. For example, water of a relatively poor 

quality may be fit for use as irrigation water but will not be fit for use as domestic water. On the 

other hand, water which is fit for domestic use may not be fit for industrial use such as boiler feed 

water where water of high purity is required. NOTE: Water quality is only meaningful when 

evaluated in relation to the use of the water. In order to evaluate fitness for use, water use is 

divided into four main categories: 

 • Domestic use (e.g. for drinking, food preparation, clothes washing, bathing, gardening) 

 • Recreational use (e.g. swimming, fishing, boating) 

 • Industrial use (e.g. power generation, process water, food processing) 

 • Agricultural use (e.g. water for animals, irrigation).  

What is domestic use of water? Domestic use of water includes all the different uses in and around 

the home: 

 • For survival (sustenance) – drinking and food preparation  

• For personal hygiene – bathing, washing and sewage removal 

 • For gardening – watering of a vegetable patch or lawn.  

Sustenance.  



Water consumed by the domestic user (for drinking and in food preparation) only represents a 

small portion of the water used for domestic purposes. However, it is the most important 

aspect when considering the quality of water for domestic use as it directly affects the health of the 

consumer. Water to be consumed must also be aesthetically pleasing, i.e. the appearance, taste and 

odour of the water must be pleasing. Water for personal hygiene must be safe and pleasing, but it 

need not be of such high quality as for water to be consumed.  

What are the substances of concern in domestic water?  

A very large number of substances can be found in water. However, only a few of these commonly 

occur at concentrations which cause them to be of concern to domestic water users. The substances 

of main concern can be categorised in the groups indicated below.  

Group A substances listed below gives an indication of general water quality. These substances are 

indicators of potential problems and should be frequently determined at different points in the water 

supply system, irrespective of the source of water. (Residual chlorine has to be determined only if 

the water is treated with chlorine-based disinfectants.  

Group A 

 Electrical conductivity (total dissolved salts) 

 Faecal coliforms  

 pH value 

  Turbidity  

 Free available chlorine (Residual chlorine)  

 Conductivity is an indicator of total dissolved salts (TDS), and also establishes if the water is 

drinkable and capable of slaking thirst. This is an indicator of the possible presence of disease-

causing organisms. It establishes if water is polluted with faecal matter. This has a marked effect on 

the taste of the water and also indicates possible corrosion problems resulting from dissolution of 

metals such as copper, zinc and cadmium that can be toxic. This affects the appearance, and thus 

the aesthetic acceptability, of the water.  

Turbidity is commonly high in surface waters. This is a measure of the effectiveness of the 

disinfection of the water.  

Residual chlorine is the chlorine concentration remaining at least 30 minutes after disinfection. 

There should be residual chlorine in the water, but if concentrations are too high it may impart an 

unpleasant taste and smell to the water. Group A substances are indicators of potential problems 

and should be frequently tested at all points in the water supply system, irrespective of the source 



of the water. (Free available (or residual) chlorine has to be measured only if the water has been 

treated with chlorine-based disinfectants).  

Group B 

 Nitrate & nitrite  

 Fluoride  

 Sulphate  

 Chloride Arsenic  

 Total coliforms. These are common in groundwater (borehole) samples, particularly in areas of 

intensive agricultural activity, or where pit latrines are used. Severe toxic effects are possible in 

infants. This is often elevated in groundwater in hot, arid areas. Can cause damage to the skeleton 

and the staining of teeth. Causes diarrhoea, particularly in users not accustomed to drinking water 

with high sulphate concentrations. May cause nausea and vomiting at very high concentrations. This 

provides an additional indicator of disease-causing organisms, and the effectiveness of disinfection. 

The presence/concentration of Group B substances should be determined before the water is 

supplied. The frequency of testing depends on the source and the treatment applied. 

 Group C  

Substances listed in Group C include substances which do not occur frequently at concentrations of 

concern to health. These substances are typically present in soft corrosive waters which cause them 

to be leached from pipes and appliances.  

 Cadmium. This usually occurs along with zinc in acidic waters where it may have been 

dissolved from appliances. Group C substances should be tested for at point of use only in areas of 

the country where soft water of a low pH value is used. This affects the colour of the water and can 

cause upset stomachs. Normally occurs only when copper piping is used to carry water with a low 

pH value.  

Group D  

Include substances which may commonly be present in water at concentrations which may affect 

aesthetics, e.g. staining of clothes or may have economic effects such as corrosion.  

 Manganese 

  Zinc  

 Iron  

 Potassium  



 Sodium  

 Calcium  

 Magnesium 

 Hardness, total, this is a common reason for brown or black discolouration of fixtures and for 

stains in laundry. Can be common in bottom waters of dams, or in mining areas. This affects 

the taste of water. Usual cause is acidic water dissolving zinc from galvanised pipes or from 

appliances. This affects the taste of the water and may also cause a reddish brown 

discolouration. Can cause growth of slimes of iron-reducing bacteria that ultimately 

appear as black flecks in the water. This affects the taste of the water and is bitter at 

elevated concentrations. Often elevated in hot, arid areas and on the western and southern 

Cape coasts (particularly in groundwater). The water can cause scaling and reduce the 

lathering of soap. Common in some areas and it adds to the effect of calcium. The presence 

of Group D substances should be determined at least when assessing the water for the first 

time.  

 

 
 
                                                   Iron 
 

Iron is one of the many minerals that are essential for human health. Without iron, people 

may experience anemia, fatigue, or an increase in infections. But how much iron is too 

much? Drinking water that contains iron can be beneficial to your health. However, excessive 

iron in drinking water may have negative effects. Let’s look at a few reasons people may 

consider removing iron from water. 

Poor skin: When someone drinks water with excessive amounts of iron, they may 

experience negative effects on their skin. Because minerals, like iron or magnesium, can 

damage healthy skin cells, people may notice early onset of wrinkles. Additionally, because 

water and iron don’t physically mix well, people may notice leftover soap residue after 

showering or bathing. This soap buildup can also cause skin problems. 

Iron overload: Iron overload is a health effect caused by a mutation in the gene responsible 

for digesting iron. While this disorder isn’t extremely common, it’s still a reason to 

consider removing iron from water. Iron overload can lead to hemochromatosis — which can 

cause damage to the liver, heart, and pancreas. There are plenty of health concerns 



associated with too much iron intake, which is one of the main reasons people on well water 

should schedule annual water testing. 

Plumbing issues: If a home’s water is filled with iron, it may lead to plumbing issues. 

Excessive iron can leave behind a residue, which can then build up and cause clogging. When 

this occurs, homeowners may experience reduced water pressure or slow draining. This is yet 

another reason to consider removing iron from water. Plumbing problems can cost 

homeowners big time — in fact, a leaky sink or pipe can waste about 900 billion gallons of 

water each year. 

Metallic taste: While a bad taste isn’t a major concern when it comes to water 

contamination, it can certainly make food and drink less appealing. Without the right water 

treatment, iron can lead to a metallic taste in food and drink. Overall, a bad taste from 

drinking and cooking water is never a good sign. So while normal levels of iron in drinking 

water won’t have a negative impact on human health or well being, excessive amounts can 

certainly do harm. If you’re noticing any of the signs of excessive iron in your drinking water, 

make sure to get your water tested sooner rather than later. 

 

Turbidity 

 

In groundwater, turbidity is common due to natural geology. Turbidity may also be caused by 

the following: • elements present in the water supply pipes, such as iron and manganese – 

• Poor borehole construction – This allows surface water to enter the well. Poor well 

construction is more likely to be the cause of turbidity when bacteria are also found to be 

present. 

Wells with turbidity that is not likely to cause health problems In groundwater sources with 

turbidity that is not likely to cause health problems, turbidity may be present due to the 



presence of inorganic matter, such as precipitates of iron and manganese from natural 

sources or sandy silty material ingress.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 


