
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PREPARED FOR 

 

 

MANINI HOLDINGS (PTY) LTD 

GEOHYDROLOGICAL REPORT OF PORTION 18 AND 19 OF THE FARM SCHERP ARABIE 743 KS, MARBLE 

HALL IN LIMPOPO PROVINCE. 

 

SEPTEMBER 2022 

 

PREPARED BY 

 



Disclaimer  

Any reference to legislation in this report should not be perceived as a substitute for the provisions of 

such legislation. In the event of any inconsistency between this document and such legislation, the 

latter would prevail. 

Although Tale Enviro Consulting (Pty) Ltd exercised all care, skill, and diligence in the drafting of the 

report, Tale Enviro Consulting shall not be liable for any loss or damage caused by or arising out of 

circumstances over which Tale Enviro Consulting have no control, such as the use and interpretation of 

the report by the client, its officials, their representatives, or agents. 

The information contained in this report was obtained from materials, information, data, and evidence 

derived from sources believed to be reliable and correct. 

Whilst every endeavour has been made by the author(s) of and contributors to this report to ensure 

that information provided is correct and relevant, this report is, of necessity, based on information that 

could reasonably have been sourced within the time period allocated to the assessment, furthermore, 

of necessity, dependent on information provided by management and/or its representatives. 

It should, accordingly, not be assumed that all possible and applicable observations and/or measures 

are included in this report as this assessment report represents a sample of assessable parameters. 

As a subsequent event, should additional information become available, Tale Enviro Consulting 

reserves the right to amend its observations and executive summary. 
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EXECUTIVE SUMMARY 

 

Introduction  Tale Enviro Consulting (Pty) Ltd was appointed to conduct 

geohydrological assessment for on portion 18 and 19 of the farm 

Scherp Arabie 743 KS, Marble Hall by Manini Holdings (Pty) Ltd. 

Site Description Investigated site IS situated north of the town Marble Hall, 

Thembelihle Ephraim Mogale Local Municipality under Sekhukhune 

District Municipality, within the Limpopo province of South Africa. 

Farm is located 10km north of Marble Hall. 

 

The project is located under Olifants Water Management Area 

within B31J quaternary catchment. The Olifants Water 

Management Area is located on the northeastern part of the 

Republic of South Africa and includes portions of the following 

provinces: the eastern part of Gauteng, the northern part of 

Mpumalanga Province and the south-eastern part of the Northern 

Province. The large urban centres in the WMA are Witbank and 

Middelburg, while towns of significance include Bronkhorstspruit, 

Groblersdal, Lydenburg, Belfast, Phalaborwa and Lebowakgomo. 

The Olifants River catchment area constitutes the WMA.   

 

The average temperatures show moderate fluctuation with 

average summer temperature 23°C, with a maximum of 28°C and 

a minimum of 18°C. In winter the average is 13, 5°C with a 

maximum of 20°C and a minimum of 7°C as measured at the 

Sekhukhune Land Weather Station. 

 

The south-western part of Marble Hall is underlain by the acid and 

intermediate intrusive rocks of the Waterberg Group, as well as 

small areas of mafic and ultramafic formations. The western portion 

is underlain by extensive Karoo Supergroup formations, principally 

basalts of the Lebombo Group and Clarens Formation sandstones, 

with smaller areas of Ecca Group shales, siltstones and mudstones. 

The central and eastern portions are underlain by a variety of rocks 

of the Bushveld igneous Complex. The most important of these are 

the Lebowa Granite suite, with outcrops of the Rashoop 

Granophyre Suite, followed by rocks of the Rustenburg Layered 

Suite further to the north and east. Much of the northern part of the 

area is underlain by rocks of the Transvaal Sequence, with the 
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silicified sandstones and quartzites of the Black Reef Quartzite 

Formation being very prominent, together with Chuniespoort 

dolomites and Pretoria group shales, hornfels and quartzites. 

Hydro-census On August 17, 2022, a site examination (hydrocensus) was carried 

out. All pertinent onsite visual, chemical, and geological 

observations were made during this site visit.  

❖ A hydrocensus was conducted in a 2 km radius surrounding 

the proposed development site. The aim of this census was 

to; 

❖ Map geological structures via visual and geophysical 

analysis. 

❖ Determine local urban and rural groundwater 

dependencies and related influences on local 

groundwater quality and quantity. 

❖ Chemical sampling of surface water (if applicable) and 

groundwater to determine current local groundwater 

quality. 

Aquifer pump test This kind of test entails figuring out how quickly geological 

formations around the borehole actually flow into it. By drawing 

water out of the ground at the precise pace at which it is supplied, 

it is accomplished. The only water that is ultimately extracted is the 

water that comes into the borehole from the aquifer. If this rate of 

abstraction is quantified, it indicates the rate at which water exits 

the borehole from the aquifer, or the aquifer's real yield. 

BOREHOLE BH1 

The recorded borehole data for BH1 

Borehole depth: 51.5 mbgl 

Water level: 6.1 mbgl 

Abstraction rate: 10 l/s 

Duration: 12h 

BOREHOLE BH2 

The recorded borehole data for BH1 

Borehole depth: 30.1 mbgl 

Water level: 7 mbgl 

Abstraction rate: 29 l/s 

Duration: 12h 

BOREHOLE BH3 
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The recorded borehole data for BH1 

Borehole depth: 36.1 mbgl 

Water level: 5.5 mbgl 

Abstraction rate: 23 l/s 

Duration: 12h 

 

According to results of all tested borehole (BH1, BH2 and BH3) may 

produce an abstraction yield of 0.12 l/s for 24 hours each day. 

However, it is strongly advised that the boreholes be used in a 

sustainable cycle of 12 hours pumping and 12 hours rest. 

All three boreholes are thus projected to have a 12 hour per day 

sustainable abstraction output of 0.17 l/s. At the recommended 

cycles, this amounts to 220 320 liters of groundwater withdrawal 

every month. 

Conclusion ❖ The project is situated in a region with limited aquifer systems 

and low producing boreholes projected. The predicted range 

for groundwater quality is 70–150 mS/m. It can be expected 

that the aquifer has a low susceptibility for pollution given that 

the study region is situated inside a minor aquifer system. 

❖ During a hydrocensus, a total of 6 usable boreholes were 

counted. Groundwater dependence was noted in the 

neighborhood surrounding the analysed location; however, it 

was limited to domestic and agricultural irrigation 

Recommendations ❖ Use soil management techniques to prevent moving water from 

eroding the margin of an irrigated field, such as creating 

grassed waterways and vegetative buffers. 

❖ To change the seasonal water use patterns in relation to the 

precipitation patterns, use more varied crop rotations. 

❖ Usage optimum management methods for irrigation to 

safeguard water quality and increase water use effectiveness. 

❖ Improve the rate, form, and positioning of when you apply 

fertilizer, manure, and pesticides. 

❖ Implement landscaping techniques, such as buffer strips, 

biofilters, controlled drainage systems, etc., to offer a potential 

means of catching sediment, nutrients, pathogens, and 

pesticides before they are delivered into streams or rivers 
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GLOSSARY GEOHYDROLOGICAL TERMS AND ACRONYMS 

 

Geohydrological terms Definitions 

Confined Aquifer A confined aquifer is bounded above and below by an 

aquiclude. In a confined aquifer, the pressure of the water is 

usually higher than that of the atmosphere, so that if a borehole 

taps the aquifer, the water in it stands above the top of the 

aquifer, or even above the ground surface. We then often 

speak of a free-flowing or artesian borehole. 

Shear Zone A shear zone is a structural discontinuity surface in the Earth's 

crust and upper mantle which forms as a response to 

inhomogeneous deformation partitioning strain into planar or 

curviplanar high-strain zones. 

Sedimentary rock A type of rock that formed by sedimentation material on the 

earth surface or in water bodies 

Metasedimentary Rock A sedimentary rock that appears to have been altered by 

metamorphism. 

Intrusive rock Rock that formed due to the cooling of magma that forced its 

way into fractures and cavities of other rock types without 

reaching the surface.  

Fault (Brittle Shear) A planar fracture or discontinuity in a volume of rock, across 

which there has been significant displacement along the 

fractures as a result of earth movement 

Argillaceous rock A type of sedimentary rock that contains a substantial amount 

of clay or clay-like compounds 

Vulnerability The likelihood for contamination to reach a specified position in 

a groundwater system after introduction at some location 

above the uppermost aquifer. 

Recharge Groundwater recharge, also known as deep drainage or deep 

percolation, is a hydrologic process in which water travels 

downward from the surface to the earth. This process often 

takes place in the vadose zone under plant roots and is 

frequently described as a flux to the water table surface. 

Rainwater and/or reclaimed water are channelled to the 

subsurface for recharge, which occurs both naturally and 

anthropologically. 

Unconfined Aquifer An unconfined aquifer, often known as a water table aquifer, is 

defined by an aquiclude below but not by any confining layer 
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above it. Its top limit is the water table, which is free to rise and 

decrease. 

Transmissivity (KD or T) Transmissivity is calculated as the product of average hydraulic 

conductivity K and saturated aquifer thickness D. As a result, 

transmissivity is defined as the rate of flow under a unit hydraulic 

gradient through a unit width cross-section of the aquifer over its 

whole saturated thickness. 

Sustainable Yield Aquifer test pumping yield computed by a trained 

hydrogeologist. The yield is the recommended abstraction rate 

and pumping schedule for ongoing use. 

Susceptibility A qualitative estimate of the ease with which anthropogenic 

activity can possibly contaminate a groundwater body. 

Storativity Ratio The storativity ratio is a characteristic that governs the flow from 

aquifer matrix blocks into the fractures of a double porosity 

restricted fractured aquifer. 

Storativity (S) The volume of water released from storage per unit surface area 

of the aquifer per unit decline in the component of hydraulic 

head normal to that surface is the storativity of a saturated 

confined aquifer of thickness D. 

Specific Yield (Sy) The specific yield is the volume of water released from storage 

by an unconfined aquifer per unit surface area or aquifer per 

unit decrease in the water table. Specific yield values vary from 

0.01 to 0.3 and are substantially greater than limited aquifer 

storativities. 

Porosity A rock's porosity is its ability to hold pores or cavities. Primary 

porosity, which exists when the rock is formed, is distinguished 

from secondary porosity, which occurs later as a result of 

solution or fracturing in cemented rocks and hard rocks. 

Leaky Aquifer A leaky aquifer, also known as a semi-confined aquifer, is an 

aquifer with upper and lower aquitards, or one aquitard and the 

other an aquiclude. Water can freely flow uphill or downwards 

through the aquitards. If a leaky aquifer is in hydrological 

equilibrium, the water level in a borehole tapped into it may be 

the same as the water table. 

Hydraulic Conductivity 

(K) 

Darcy's Law uses hydraulic conductivity as the proportionality 

constant. It is defined as the volume of water that will pass 

through a porous medium in a unit time under a unit hydraulic 
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gradient through a unit area measured perpendicular to the 

flow direction. 

Diffusivity (KD/S) The hydraulic diffusivity of a saturated aquifer is the ratio of its 

transmissivity and storativity. It influences the spread of a 

hydraulic head in the aquifer. Diffusivity has a length/time 

dimension. 

Borehole census A field survey that collects all important information on 

groundwater. Yields, drilling equipment, groundwater levels, 

casing height/diameter, co-ordinates, potential pollution issues, 

pictures, and so on are often included. 

Aquitards An aquitard is a geological unit that is permeable enough to 

convey considerable amounts of water when viewed over 

broad and long periods of time, but its permeability is insufficient 

to warrant the placement of production boreholes in it. 

Aquitards are often clays, loams, and shales. 

Aquiclude An aquiclude is a geological block that is impervious to water 

and does not convey it at all. Aquiclude is typically composed 

of dense, unfractured igneous or metamorphic rocks. 
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1. INTRODUCTION 

 

Tale Enviro Consulting (Pty) Ltd was appointed to conduct geohydrological assessment for 

on portion 18 and 19 of the farm Scherp Arabie 743 KS, Marble Hall by Manini Holdings (Pty) 

Ltd.  

 

The Department of Water and Sanitation has requested a hydrogeological report that 

includes the following as part of a water usage permission: 

 

❖ A hydro-census consists of gathering the following information: borehole coordinates, 

water levels, borehole purpose, abstraction volumes, and borehole depth. 

❖ The sites' groundwater aquifer descriptions 

❖ Borehole pump tests are performed on-site. 

❖ The potential impact of agricultural operations on the groundwater regime in the 

area. 

❖ Maps of groundwater elevation that include groundwater flow directions 

❖ The volume of water to be extracted from the borehole. 

❖ To develop a conceptual model of the area, aerial photography, topography, 

geology, geohydrology, and aeromagnetic interpretation were used. 

❖ The current state of groundwater quality. 

❖ Put together a geohydrological report. 

 

2. LIMITATIONS 

 

The statements, opinions, and conclusions contained in this report are based solely upon the 

services rendered by Tale Enviro Consulting (Pty) Ltd as described in this report, the scope of 

work as established for the report, and in accordance with our proposal. In performing these 

services and preparing the report, Tale Enviro Consulting (Pty) Ltd relied upon the information 

provided by others, including public agencies, whose information is not guaranteed by Tale 

Enviro Consulting (Pty) Ltd. No indications were found during our investigations that 

information contained in this report as provided to Tale Enviro Consulting (Pty) Ltd, was false. 

This report is based on conditions encountered and the information reviewed at the time of 

the site investigations. Tale Enviro Consulting (Pty) Ltd disclaims responsibility for any changes 

that may have occurred after this time or any error in the analytical results received from the 

laboratory. This report should be read in full. No responsibility is accepted for use of any part 

of this report in any other context or for any other purpose or by third parties. This report does 

not purport to give legal advice. Legal advice can only be given by qualified legal 

practitioners. 
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3. METHODOLOGY 

 

The following emphasis areas were necessary to analyse the geohydrological conditions: 

 

❖ Environmental baseline conditions are described in detail. 

❖ Determination of the area's baseline (status quo) geohydrology, including a desktop 

assessment of groundwater conditions and pertinent environmental elements. 

❖ Recommendations for a groundwater management framework and monitoring 

program to aid in the creation of rehabilitation measures based on physical, 

hydraulic, and hydro-geochemical data 

3.1. DESK STUDY 

To obtain all essential environmental information, including topographical, hydrological, and 

geohydrological data, a desk study was done. Material/information was also acquired from 

past relevant research in the area, as well as data released in the public domain. 

The National Aquifer Classification System created by Parsons is the aquifer classification 

system used to classify South African aquifers (1995). This method is adaptable and can be 

linked to secondary classes such as a vulnerability or usage classification. According to 

Parsons, aquifer classification is a very important planning technique that may be used to 

assist groundwater management. 

3.1.1. AQUIFER CLASSIFICATION 

The South African Aquifer System Management Classification is divided into five major 

categories, which are mentioned below and specified in Table 6: 

❖ Sole Source Aquifer System 

❖ Major Aquifer System 

❖ Minor Aquifer System 

❖ Non-Aquifer System 

❖ Special Aquifer System 

Table 3-1: Aquifer classification scheme (Parsons, 1995) 

Aquifer 

system 

Defined by Parsons (1995) Defined by DWA minimum 

requirements (DWAF, 1998) 

Sole source 

aquifer 

An aquifer that is used to supply 50% or more of 

domestic water for a given area, and for which there 

are no reasonable alternative sources should the 

aquifer become depleted or impacted upon. Aquifer 

yields and natural water quality are immaterial.  

An aquifer, which is used to supply 

50% or more of urban domestic 

water for a given area for which 

there are no reasonably available 

alternative sources should this 

aquifer be impacted upon or 

depleted. 

Major aquifer Highly permeable formations, usually with a known or 

probable presence of significant fracturing. They may 

High yielding aquifer (5-20 l/s) of 

acceptable water quality 
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be highly productive and able to support large 

abstractions for public supply and other purposes. 

Water quality is generally very good 

Minor aquifer These can be fractured or potentially fractured rocks 

that do not have a high primary hydraulic 

conductivity, or other formations of variable hydraulic 

conductivity. Aquifer extent may be limited and water 

quality variable. Although these aquifers seldom 

produce large quantities of water, they are both 

important for local supplies and in supplying base flow 

for rivers. 

Moderately yielding aquifer (1-5 l/s) 

of acceptable quality or high 

yielding aquifer (5-20 l/s) of poor-

quality water 

Non-aquifer These are formations with negligible hydraulic 

conductivity that are generally regarded as not 

containing groundwater in exploitable quantities. 

Water quality may also be such that it renders the 

aquifer unusable. However, groundwater flow through 

such rocks does occur, although imperceptible, and 

needs to be considered when assessing risk 

associated with persistent pollutants. 

Insignificantly yielding aquifer (< 1 

l/s) of good quality water or 

moderately yielding aquifer (1-5 l/s) 

of poor quality or aquifer which will 

never be utilised for water supply, 

and which will not contaminate 

other aquifers. 

Special aquifer An aquifer designated as such by the Minister of Water Affairs, after due process. 

 

3.1.2. AQUIFER VULNERABILITY 

Due to its low annual average precipitation of 460 mm, which is significantly below the world 

average of 860 mm, groundwater plays an essential role in supplying water to many regions 

of Southern Africa. The quality of South Africa's groundwater resources has thus garnered 

substantial focus and attention on the necessity for a proactive strategy to protecting these 

sources from contamination (Lynch et al., 1994). Groundwater protection must be prioritized 

based on an aquifer's vulnerability to pollution. This can be accomplished in two ways: I 

through pollution risk assessments and ii) through aquifer vulnerability evaluations. Aquifer 

vulnerability considers the characteristics of the aquifer itself or parts of the aquifer in terms of 

their sensitivity to being adversely affected by a contaminant should it be released, whereas 

pollution risk assessments consider the characteristics of a specific pollutant, including source 

and loading. 

The concept of the DRASTIC model created for the United States (Aller et al., 1987) is well 

suited for developing a groundwater vulnerability evaluation for South African aquifers. The 

DRASTIC assesses an aquifer's inherent vulnerability (IV) by taking into account characteristics 

such as depth to the water table, natural recharge rates, aquifer media, soil media, 

topographic aspect, impact of vadose zone media, and hydraulic conductivity. Different 

ratings are assigned to each factor, which are then added together with the appropriate 

constant weights to yield a numerical number that quantifies the vulnerability: 
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DRASTIC Index (IV) = DrDw + RrRw+ ArAw + SrSw + TrTw + IrIw + CrCw 

Where D, R, A, S, T, I, and C are the parameters, r is the rating value, and w the constant 

weight assigned to each parameter (Lynch et al, 1994). The scores associated with the 

vulnerability of South African aquifers are shown in Error! Reference source not found.. 

Table 3-2: South African National Groundwater Vulnerability Index to Pollution (Lynch et al, 1994) 

Score Vulnerability 

50-87 Least susceptible 

87 - 109 Moderate susceptible 

109 - 226 Most susceptible 

 

3.2. QUALITY ASSURANCE AND QUALITY CONTROL PROGRAM 

A quality assurance and quality control (QA/QC) procedure was used to determine whether 

the sampling and analytical results were reliable in accordance with industry standards. The 

QA/QC program was divided into two parts (described below), one completed by the 

laboratory and the other as part of Tale Enviro routine field procedures. 

3.2.1. LABORATORY QA/QC PROGRAM 

Regan Laboratory analyse groundwater samples. The South African National Association of 

Standards has accredited the laboratory (SANAS). Calibrations, blanks, duplicates, and/or 

verification are all part of the internal quality method for batch samples. 

To preserve sample integrity, every time-sensitive analysis is performed promptly (where 

preservation is not possible). The results are also compared with separate tests 

components/elements of overlap, such as the GRO ranges seen in TPH ranges. For trend 

analysis, all verifications are imported into control charts. 

Laboratory equipment is calibrated and/or validated according to a maintenance 

schedule. The laboratory's quality manager and SANAS both audit the quality system.  

3.2.2. FIELD QA/QC PROGRAM 

Tale Enviro takes blind duplicate groundwater samples to ensure the reliability of laboratory 

tests and field sampling. At least one groundwater blind duplicate was collected and sent to 

the laboratory for BTEXN, MTBE, and TAME analyses. 

The relative percent difference (RPD2) is calculated as a measure of QA/QC based on the 

findings of the duplicate analysis. Because analytical error increases towards the method 

detection limit (MDL), the RPD is generally not calculated till the concentrations of both the 

original and duplicate samples exceed five times the MDL. If the RPD for a sample and its 

duplicate do not fulfil Tale Enviro's RPD standards for the parameters tested, an explanation is 

required to qualify the value discrepancy. 
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To confirm that QA/QC guidelines were followed, trip blanks were submitted to the 

laboratory for the same analysis and computation procedure. Each cooler box received one 

trip blank. 

Tale Enviro employs a data quality evaluation program that considers both duplicate and 

trip blank data when assessing the trustworthiness of field data. 

4. SITE BACKGROUND INFORMATION 

 

4.1. LOCATION 

Investigated site IS situated north of the town Marble Hall, Thembelihle Ephraim Mogale Local 

Municipality under Sekhukhune District Municipality, within the Limpopo province of South 

Africa. Farm is located 10km north of Marble Hall. 

The location of investigated site relative to Marble Hall town is shown in Figure 4-1. 

 
Figure 4-1: Locality Map 

4.2. WATER MANAGEMENT AREA (WMA) 

The project is located under Olifants Water Management Area within B31J quaternary 

catchment as shown in Figure 4-2. The Olifants Water Management Area is located on the 

northeastern part of the Republic of South Africa and includes portions of the following 

provinces: the eastern part of Gauteng, the northern part of Mpumalanga Province and the 

south-eastern part of the Northern Province. The large urban centers in the WMA are Witbank 

and Middelburg, while towns of significance include Bronkhorstspruit, Groblersdal, 
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Lydenburg, Belfast, Phalaborwa and Lebowakgomo. The Olifants River catchment area 

constitutes the WMA.  

The main stem of the Olifants River originates in the far southern, Highveld region of the WMA. 

In this Upper Region (secondary catchment area B10) the altitude in the south is in the order 

of 1 700 m and in the vicinity of Middelburg 1 500 m. 

The Middle Olifants River section is taken from the Elands River confluence to the Olifants 

River at Bewaarkloof, where the river flows northeast between the Springbokvlakte and the 

Nebo Plateau (around Jane Furse). 

The altitude in the catchment is 1 000 m in the Springbokvlakte and east of the river, about 1 

500 m on the plateau. 

The major portion of the Springbokvlakte is a local endoreic area, as shown in Figure 2.1.3. 

The endoreic area boundaries were taken from Midgley et al (1994). However, all the figures 

show rivers draining this area. The GIS River coverage used in the figures was obtained from 

DWAF but inspection of 1:250 000 maps does not show continuous rivers draining quaternary 

catchments B31J, B51E and part of B31E. The river coverage should be improved in these 

catchments. 

The Olifants River flows generally eastwards from Lebowakgoma, in deep valleys west of the 

Escarpment and exiting onto the Lowveld at quaternary catchment boundary B71G/H. In 

the Lowveld region the altitude is at about 400 m (to 250 m in the Kruger National Park). 

The major rivers contributing to the Olifants River are the following: 

❖ The Rietspruit, the Steenkoolspruit and the Viskuile that confluences to form the main 

stem of the Olifants River south of Witbank. The Klein Olifants River is to the east of the 

tributaries above and joins the river northwest of Middelburg. 

❖ The Wilge and Koffiespruit Rivers drains the area to the west of the main stem and join 

the Olifants River north of Witbank. 

❖ The Moses and Elands Rivers drain the western part of the region south of the 

endoreic Springbokvlakte and the Elands River confluences with the Olifants River 

upstream of Arabie Dam. 

❖ The Steelpoort River, and its tributaries the Dwars and Spekboom Rivers, drains a large 

area in the east, rising near Belfast and Lydenburg. 

❖ The Blyde and Klaserie Rivers originates east of the Steelpoort River on the western 

mountainous area of the Escarpment. The Blyde River has its confluence with the 

Olifants River in the Lowveld region. 

❖ The Ga-Selati River flows north of the main stream, in the Lowveld region, and 

originates on the eastern face of the Escarpment. 
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❖ The last tributary, and by far the largest, is the Letaba River which joins the Olifants 

River virtually on the Mozambican border. 

 
Figure 4-2: Quaternary Catchment Map 

4.3. CLIMATE 

The average temperatures show moderate fluctuation with average summer temperature 

23°C, with a maximum of 28°C and a minimum of 18°C. In winter the average is 13, 5°C with 

a maximum of 20°C and a minimum of 7°C as measured at the Sekhukhune Land Weather 

Station.  

4.4. TOPOGRAPHY AND DRAINAGE 

To the south-west of the municipal area the Olifants River is located on an open floodplain 

area and to the north the river is located in a valley surrounded by the Strydpoort Mountains 

(parallel hills and lowlands). Strips of erosion can be found in the valleys alongside most of the 

perennial and nonperennial rivers. 

The region is generally characterised by an extremely broken topography, bounded in the 

north by rugged mountainous terrain (Button, 1973) which is underlain by intensely deformed 

volcano-sedimentary sequences of the Wolkberg Group and dolomites and banded iron-

formation of the Chuniespoort Group, and to the south by argillaceous and arenaceous 

rocks of the Pretoria Group. The altitude varies from 780 m above mean sea level (mamsl) 
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along the Olifants River to approximately 2 300 mamsl at the top of escarpment. The 

topography of the region closely follows the geological variations. 

The Olifants River flows through the study area in an easterly direction, from west through the 

escarpment (Figure 1), before flowing out towards the Lowveld and across the border into 

Mozambique, with the Steelpoort and Blyde Rivers being the major tributaries. Numerous 

ephemeral streams join the Olifants River, but other notable perennial tributaries include the 

Blyde, Mohlapitsi and Ohrigstad Rivers.  

4.5. GEOLOGICAL SETTING 

4.5.1. REGIONAL GEOLOGY 

The south-western part of Marble Hall is underlain by the acid and intermediate intrusive 

rocks of the Waterberg Group, as well as small areas of mafic and ultramafic formations. The 

western portion is underlain by extensive Karoo Supergroup formations, principally basalts of 

the Lebombo Group and Clarens Formation sandstones, with smaller areas of Ecca Group 

shales, siltstones and mudstones. The central and eastern portions are underlain by a variety 

of rocks of the Bushveld igneous Complex. The most important of these are the Lebowa 

Granite suite, with outcrops of the Rashoop Granophyre Suite, followed by rocks of the 

Rustenburg Layered Suite further to the north and east. Much of the northern part of the area 

is underlain by rocks of the Transvaal Sequence, with the silicified sandstones and quartzites 

of the Black Reef Quartzite Formation being very prominent, together with Chuniespoort 

dolomites and Pretoria group shales, hornfels and quartzites. 

According to Soils occurring in the Marble Hall can be divided into the following groups: In 

the west: Shallow to moderately deep sandy-clay loam soils on flat and undulating terrain 

overlying rocks of the Ecca Group, principally shales and silicified sandstones; In the east: 

Deep, black, blocky vertisols of the Springbok Flats; Moderate to deep sandy loam soils lining 

long stretches of the Olifants River valley in its middle reaches. 

Most of the soils are suitable for commercial agriculture when sufficient water is available. 

Virtually all of the areas with suitable soils, particularly the area downstream of the Loskop 

and Flag Boshielo dams, are contained within the jurisdiction of formal irrigation boards or 

Government Water Control Areas. Further away from the main river channels, land use is 

given over to small- and medium-scale livestock farming operations. A relatively wide variety 

of crops are produced on the irrigated and rain-fed areas, primarily maize, wheat, sorghum, 

cotton, tobacco, Lucerne, potatoes, vegetables, table grapes, sunflowers, and soya bean. 

4.5.2. LOCAL GEOLOGY  

The Paleoproterozoic Duitschland Formation lies stratigraphically beneath the Timeball Hill 

Formation, which contains the only unequivocal glacial unit of this era in the Transvaal Basin, 

South Africa. Lithologic evidence in Paleoproterozoic successions of North America, 
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however, indicates the existence of three discrete and potentially global ice ages within this 

300 my interval. Carbonates of the Duitschland Formation are significantly enriched in 13C up 

to +10.1 permil in the upper part of the succession above a notable sequence boundary. In 

contrast, the lower part of this unit contains carbonates with consistently negative δ13C 

values. Trace and major element compositions of these carbonates as well as carbon-

isotopic compositions of coexisting organic matter support a primary origin for the markedly 

positive carbon isotope anomaly. The stratigraphic constraints indicate that 13C-enriched 

carbonates were deposited prior to Paleoproterozoic glaciation in southern Africa, similar to 

carbonates stratigraphically beneath Neoproterozoic glacial diamictites worldwide. Also 

mirroring the Neoproterozoic record are strongly negative δ13C values in cap carbonates 

atop glacial diamictites in Paleoproterozoic strata of Wyoming and Ontario. The litho- and 

chemostratigraphic constraints indicate that the interval of negative carbon isotope values 

in well-preserved carbonates of the lower Duitschland Formation may reflect a second 

Paleoproterozoic ice age in the Transvaal succession. This interpretation is further supported 

by recently discovered bullet-shaped clasts with striations in diamictite from the basal part of 

the succession. Thus, the emerging temporal pattern of carbon isotope variations and 

glaciation in the Paleoproterozoic has a close analogue to Neoproterozoic events, 

suggesting a coupling of climatic and biogeochemical changes at both ends of the eon. 

 
Figure 4-3: Local Geology 
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4.6. HYDROGEOLOGICAL SETTING 

The project area is underlain predominantly by strata of the Chuniespoort and Pretoria 

groups of the Transvaal Supergroup. Rocks of the Halfway House Granites, Ventersdorp 

Supergroup and Witwatersrand Supergroup underlie minor sections of the area. 

The Chuniespoort Group consists of the lower Malmani subgroup (stromatolitic dolomite with 

chert interbeds) and the upper Penge (banded iron formations) and Duitschland (mixed 

clastic and carbonate rocks) Formations, which are absent in the study area. Based on the 

occurrence of interbedded cherts and shales, the variety of stromatolite structures present 

and the low-angle unconformities the dolomites of the Malmani Subgroup are subdivided 

into the Oaktree, Monte Christo, Lyttleton, Eccles and Frisco Formations (Button, 1973; SACS, 

1980). Karstification has been more active in the chert-rich Eccles and Monte Christo 

Formations, resulting in good water bearing and storage characteristics (Bredenkamp et al., 

1986). An important characteristic of the regional karst aquifer of the Malmani dolomite is its 

subdivision into ‘compartments’ isolated hydrogeologically from each other by impervious 

sub-vertical dykes of dolerite and syenite or by silicified faults. 

The entire Transvaal Supergroup originated between 2658±1 Ma and 2224±21 Ma (Eriksson et 

al., 2001) with the carbonate sequence being deposited over between 2643 and 2520 Ma 

(Obbes, 2000). The strata dip at angles up to 20º toward the centrally located Bushveld 

intrusives (Eriksson et al., 1995) in the NW of the study area.  

The dolomitic formations generate little surface run-off, suggesting relatively high recharge 

and predominance of underground water flow, which eventually drains to springs typically 

associated with dykes, faults or formation contacts.  

5. HYDROCENSUS  

 

On August 17, 2022, a site examination (hydrocensus) was carried out. All pertinent onsite 

visual, chemical, and geological observations were made during this site visit.  

❖ A hydrocensus was conducted in a 2 km radius surrounding the proposed 

development site. The aim of this census was to; 

❖ Map geological structures via visual and geophysical analysis. 

❖ Determine local urban and rural groundwater dependencies and related influences 

to local groundwater quality and quantity. 

❖ Chemical sampling of surface water (if applicable) and groundwater to determine 

current local groundwater quality. 

5.1. RECORDED BOREHOLES 

During the site investigation, a total of 6 boreholes were recorded within a 2 km radius. 

Recorded boreholes are expected to reveal local groundwater chemical qualities as well as 
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associable groundwater levels and flow directions. The local area surrounding the 

investigated site was recorded to have a groundwater dependency for crop irrigation and 

domestic use. 

The deepest recorded borehole depth drilled was recorded at 90mgl with the majority of 

boreholes in use. No specific water devining techniques were used prior to drilling as a 

general local area was intersected multiple times. It is expected that boreholes BH1-BH3 are 

directly interlinked within the same aquifer. 

Table 5-1: Hydro-census properties 
Borehole ID Latitude Longitude Elevation 

(mamsl) 

Water Level 

(mbgl) 

Borehole 

Depth (m) 

Water use Owner 

BH1 -24.923017 29.326647 833 6.1m 51.5m Irrigation Thabo 

BH2 -24.921578 29.329211 833 7m 30.1m Irrigation Thabo 

BH3 -24.921339 29.329321 832 5.5m 36.1m Irrigation Thabo 

BH4 -24.907029 29.323172 869 - 90m - Thabo 

BH5 -24.905602 29.321767 863 - 50m Domestic Thabo 

BH6 -24.905204 29.321114 863 - 50m - Thabo 

Tank -24.906906 29.323334 869 - - Domestic Thabo 

Mini Dam -24.921915 29.329872 833 - - Irrigation Thabo 

 

  

BH1 
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BH2 

BH3 Tank 
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Tank BH4 

BH4 BH5 
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BH5 BH6 

BH6 Mini Dam on Elands River 
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Figure 5-1: Hydro-census 

5.2. WATER QUALITY ANALYSIS 

Groundwater samples were collected from three boreholes as part of this investigation and 

taken to an accredited laboratory for examination. These boreholes were collected during 

site phase to verify that the chemistries analyzed are reflective of pure aquifer conditions 

(purged borehole) and are not impacted by potential borehole contamination. 

 

Tables below contains a summary of the analysis' findings. The results were then compared to 

water quality criteria; all parameters examined were within class 1 (recommended levels) of 

the drinking water quality guidelines. Thus, meaning the groundwater within the farm is of 

good quality. 

Table 5-2: Water Quality Results (Next Borehole) 

Analysis Results mg/l  SANS Standards -241: 2015 Drinking 

WaterStandard Limits 

Next Borehole 

Total Dissolved Solids LPM 2 ≤ 1 200 1120 

Nitrate & Nitrite as N LPM 76K  <0.1 

Nitrate NO3 as N LPM 76K ≤ 11 <0.1 

Nitrite NO2 as N LPM 76K ≤ 0.9 <0.1 

Chloride as Cl LPM 76K ≤ 300 282.0 

Total Alkalinity as CaCO3 LPM 11  329 

Fluoride as F LPM 76K ≤ 1.5 0.63 

Sulphate as SO4 LPM 76K Acute Health ≤ 500 - Aesthetic ≤ 250 187 

Total Hardness as CaCO3 LPM 85  600 

Calcium Hardness as CaCO3 LPM 85  292 

Magnesium Hardness as CaCO3 LPM 85  308 

Calcium as Ca LPM 15  117 

Magnesium as Mg LPM 15  74.8 

Sodium as Na LPM 15 ≤ 200 106 

Potassium as K LPM 15  5.28 

Iron as Fe LPM 15 Chronic Health ≤ 2.0 - Aesthetic ≤ 0.3 0.09 

Manganese as Mn LPM 15 Chronic Health ≤ 0.4 - Aesthetic ≤ 0.1 <0.01 

Conductivity at 25° C (mS/m) LPM 51 ≤ 170 169 

pH Value at 25° C (pH units) LPM 51 ≥ 5.0 to ≤ 9.7 7.91 

pHs at 21° Celsius LPM 85  6.97 

Langelier Saturation Index LPM 85  0.94 

Turbidity (NTU) LPM 23 Operational ≤ 1.0 - Aesthetic ≤ 5.0 0.46 

Aluminium as Al LPM 15 ≤ 0.30 0.03 

 

 

Dam 
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Table 5-3: Water Quality Results (No.1 Borehole) 

 
Analysis Results mg/l  SANS Standards -241: 2015 Drinking 

WaterStandard Limits 

No.1 Borehole 

Total Dissolved Solids LPM 2 ≤ 1 200 658 

Nitrate & Nitrite as N LPM 76K  <0.1 

Nitrate NO3 as N LPM 76K ≤ 11 <0.1 

Nitrite NO2 as N LPM 76K ≤ 0.9 <0.1 

Chloride as Cl LPM 76K ≤ 300 248 

Total Alkalinity as CaCO3 LPM 11  148 

Fluoride as F LPM 76K ≤ 1.5 0.85 

Sulphate as SO4 LPM 76K Acute Health ≤ 500 - Aesthetic ≤ 250 52.4 

Total Hardness as CaCO3 LPM 85  249 

Calcium Hardness as CaCO3 LPM 85  95 

Magnesium Hardness as CaCO3 LPM 85  154 

Calcium as Ca LPM 15  37.9 

Magnesium as Mg LPM 15  37.5 

Sodium as Na LPM 15 ≤ 200 109 

Potassium as K LPM 15  4.97 

Iron as Fe LPM 15 Chronic Health ≤ 2.0 - Aesthetic ≤ 0.3 0.14 

Manganese as Mn LPM 15 Chronic Health ≤ 0.4 - Aesthetic ≤ 0.1 0.04 

Conductivity at 25° C (mS/m) LPM 51 ≤ 170 112 

pH Value at 25 ° C (pH units) LPM 51 ≥ 5.0 to ≤ 9.7 7.97 

pHs at 21° Celsius LPM 85  7.74 

Langelier Saturation Index LPM 85  0.23 

Turbidity (NTU) LPM 23 Operational ≤ 1.0 - Aesthetic ≤ 5.0 1.83 

Aluminium as Al LPM 15 ≤ 0.30 0.04 

 

Table 5-4: Water Quality Results (No.3 Borehole) 

Analysis Results mg/l  SANS Standards -241: 2015 Drinking 

WaterStandard Limits 

No.3 Borehole 

Total Dissolved Solids LPM 2 ≤ 1 200 1100 

Nitrate & Nitrite as N LPM 76K  0.43 

Nitrate NO3 as N LPM 76K ≤ 11 0.43 

Nitrite NO2 as N LPM 76K ≤ 0.9 <0.1 

Chloride as Cl LPM 76K ≤ 300 189 

Total Alkalinity as CaCO3 LPM 11  406 

Fluoride as F LPM 76K ≤ 1.5 0.72 

Sulphate as SO4 LPM 76K Acute Health ≤ 500 - Aesthetic ≤ 250 169 

Total Hardness as CaCO3 LPM 85  604 

Calcium Hardness as CaCO3 LPM 85  305 

Magnesium Hardness as CaCO3 LPM 85  299 

Calcium as Ca LPM 15  122 

Magnesium as Mg LPM 15  72.6 

Sodium as Na LPM 15 ≤ 200 87.5 

Potassium as K LPM 15  3.29 

Iron as Fe LPM 15 Chronic Health ≤ 2.0 - Aesthetic ≤ 0.3 0.02 

Manganese as Mn LPM 15 Chronic Health ≤ 0.4 - Aesthetic ≤ 0.1 0.09 

Conductivity at 25° C (mS/m) LPM 51 ≤ 170 150 

pH Value at 25° C (pH units) LPM 51 ≥ 5.0 to ≤ 9.7 7.32 

pHs at 21° Celsius LPM 85  6.86 

Langelier Saturation Index LPM 85  0.46 

Turbidity (NTU) LPM 23 Operational ≤ 1.0 - Aesthetic ≤ 5.0 3.00 

Aluminium as Al LPM 15 ≤ 0.30 0.03  

 

6. AQUIFER PUMP TEST AND ABSTRACTION SCALE 
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As part of this study, three (3) boreholes (BH1, BH2 and BH3) were selected to undergo 

aquifer pump testing. 

6.1. CALIBRATION TEST 

This kind of test entails figuring out how quickly geological formations around the borehole 

actually flow into it. By drawing water out of the ground at the precise pace at which it is 

supplied, it is accomplished. The only water that is ultimately extracted is the water that 

comes into the borehole from the aquifer. If this rate of abstraction is quantified, it indicates 

the rate at which water exits the borehole from the aquifer, or the aquifer's real yield. 

6.2. CONSTANT RATE DISCHARGE TEST 

The recovery test findings are used to establish the aquifer characteristics, as well as to 

gauge how quickly the water level recovers and whether the storativity values differ in 

different parts of the aquifer (Driscoll, 1986). According to the project geohydrologist's 

specifications, a calibration test, step drawdown test, constant discharge test, or both must 

come before the recovery test. (SANS 10299-4). 

 

The constant discharge test is used to determine:  

❖ Determine the hydrological properties of an aquifer, such as transmissivity and 

storativity, 

❖ Compile a conceptual model of the hydraulic scenario of the aquifer, such as the 

presence of impermeable or recharge barriers. 

The test entails monitoring the borehole drawdown while keeping the abstraction rate 

constant during the test. Kruseman and De Ridder describe the various approaches used to 

analyze the data acquired from constant discharge experiments (1991). The information and 

level of reliability required may determine the time of the constant rate test (Weaver, 1993). 

The type of test and its duration must be chosen to meet the needed level of reliability, which 

is determined by the water user's reliance on the borehole(s) and the repercussions (typically 

financial) of borehole failure (SANS 10299-4). 

6.3. RECOVERY TEST 

The recovery test findings are used to establish the aquifer parameters, as well as how quickly 

the water level returns and whether the storativity values change throughout the aquifer 

(Driscoll, 1986). The recovery test is performed following a calibration test, step drawdown 

test, or constant discharge test (or both), as specified by the project hydrogeologist. (SANS 

10299-4).  

It can also indicate the aquifer's extent or the extent and connectiveness of fractures. Switch 

off the pump at the completion of the pumping test (continuous discharge test or step-
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drawdown test (or both)) and immediately begin collecting residual drawdown data at the 

required time intervals until, 

❖ The water level recovers to less than 5% of the total drawdown during the constant 

discharge test, 

❖ at least three consecutive readings are identical, or  

❖ a time equal to the entire time required for the constant discharge test has elapsed. 

It may be preferable to monitor recovery water levels for at least the same duration as the 

constant discharge test in order to determine whether the aquifer was significantly 

dewatered during the constant discharge test and to accurately apply the recovery test 

data for estimating sustainable borehole yields. 

6.4. BOREHOLE BH1 

The recorded borehole data for BH1 

Borehole depth: 51.5 mbgl 

Water level: 6.1 mbgl 

Abstraction rate: 10 l/s 

Duration: 12h 

6.5. BOREHOLE BH2 

The recorded borehole data for BH1 

Borehole depth: 30.1 mbgl 

Water level: 7 mbgl 

Abstraction rate: 29 l/s 

Duration: 12h 

6.6. BOREHOLE BH3 

The recorded borehole data for BH1 

Borehole depth: 36.1 mbgl 

Water level: 5.5 mbgl 

Abstraction rate: 23 l/s 

Duration: 12h 

7. GROUNDWATER BALANCE 
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An Intermediate Groundwater Reserve Determination was conducted for the study area in 

order to establish the impact on the groundwater reserve as a result of the existing and 

proposed groundwater abstraction activities. 

 

The Groundwater Reserve Determination takes the following elements into account: 

❖ Effective recharge from rainfall and specific geological circumstances;  

❖ Sub-catchment basic human needs;  

❖ Groundwater input to surface water (baseflow);  

❖ Existing and prospective abstraction; and  

❖ Surplus reserve 

 

The calculations were based on data from the WRC 90 Water Resources of South Africa 2012 

Study (WR2012) and the Groundwater Resource Assessment Ver. 2 (GRAII) datasets. 

7.1. QUATERNARY CATCHMENT 

Data from important hydrogeological databases, including the Groundwater Resource 

Directed Measures (GRDM), were collected from the Department of Water and Sanitation. 

The project area is located within quaternary catchment W51D, as shown in. 

Table 7-1: Summarised Quaternary Catchment Information. 

Quaternary Catchment Total Area (km²) Recharge (mm/a) Rainfall (mm/a Baseflow (mm/a) 

B31J 459 64.02 mm (7.3 %) 552 9.94 

 

7.2. SUB-CATCHMENT DELINEATION 

A sub-catchment was delineated with QGIS. The delineated sub-catchment is indicated in 

Figure 7-1. The total sub-catchment area is in the order of 1.4 km2 
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Figure 7-1: Delineated Sub-Catchment 

7.3. GROUNDWATER USAGE 

The irrigation uses 1 369 m3 of water from boreholes each day on average, which 

corresponds to around 500 000 m3 every year (1 369x 365 days). Groundwater is for irrigation. 

The following scenario is assessed in the water balance: 

❖ Abstracting 1 369 m³ per day, which is the average water use per day; 

7.4. GROUNDWATER BALANCE 

Table 7-2 summarizes the groundwater balance and thus reserve determination on a sub-

catchment scale. 

Based on an average water use of 1369 m3/day, the impact on the groundwater reserve 

can be considered low. Long-term pumping increases the dewatering impact, yet there is 

still a surplus of groundwater accessible. As a result, the total influence on aquifer safe yield 

can be judged low to relatively low for all four situations. 
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Table 7-2: Groundwater Balance Summary  

Overview Calculation 

▪ Based on the literature, recharge in the order of 

7.65% is assumed for the study area (41.1 mm/a) 

▪ The water balance did not include artificial 

recharge from irrigation activities. 

▪ It is assumed that there are no protective 

groundwater areas. 

▪ The Basic Human Needs (BHN) are set by the Water 

Services Act, 1997 (Act No. 108 of 1997) (WSA) at 

25 l per person per day. Groundwater is used for 

irrigation and staff. 

▪ There are 17 people working at the farm 

meaning there are 17 users of 

groundwater for drinking. This equates 

to approx. 425 l/day for drinking 

purposes. 

▪ Existing water use is estimated to be 1 369 m³/day. 

▪ Baseflow is the low flow in a river during dry or fair 

weather, however it does not always contribute to 

groundwater. 

▪ Baseflow comprises both delayed interflow and 

groundwater discharge. The estimated average 

baseflow is: 

▪ 1.4 km² = 9.94 mm/a 

▪ Proposed water: 

▪ 1 369 m3 

GWavailable = (Re) - (BHN + BF) 

 

 

Where: 

Gwavailable = Available 

groundwater for use 

Re = Effective recharge to aquifer 

BF = Baseflow to surface water 

streams 

BHN = Basic Human Needs 

 

Calculations: 

Re (sub catchment) = 1.4 km² x 41.2 mm/a = 57 680 000 

m³/a (158 027.6m³/day) 

 

BHN = 1 m³/day 

 

BF = 9.94 mm x 1.4 km² = 13 916 000 m³/a = 38 126 

m³/day) 

 

Gwavailable = (57 680 000 - [1+ 38 126]) m³ = + 57 679 

960 m³/day 

 

7.5. SCALE OF EXISTING ABSTRACTION 

According to the "Requirements for Water Use License Application: Groundwater Abstraction 

[S21(a)]" of the Department of Water and Sanitation (DWS), the license application must be 

considered in terms of three different categories. Category A, B, and C each have a list of 

information required for the license application that should be supplied to the DWS by the 

applicant. The following are the categories: 

Small-scale abstractions (<60% recharge) Category A 

Medium-scale abstractions (60-100% recharge) Category B 

Large-scale abstractions (>100% of recharge) Category C 

Size of sub-catchment = 1 400 000 m2 

Recharge = 158 027.6 m3/d 

Total use volume = BHN (1 m3/d) + Baseflow (38 126 m3/d) + Existing Use (1369 m³/d) 
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= 39 496 m3/d 

Scale of abstractions = (Total Use/Recharge) ×100 

= (39 496 / 158 027.6) ×100 

= 25% 

As a result, small-scale abstraction (<60% recharge on sub-catchment) will occur, which is 

classed as Category A abstraction. 

8. HYDROLOGICAL IMPACT ASSESSMENT AND RISK ASSESSMENT 

 

A variety of elements must be evaluated in order to quantify the risk of a proposed 

development on the local groundwater regime. The main approaches for measuring 

groundwater vulnerability include SINTACS, GOD, SEEPAGE, the AVI rating system, ISIS, EPIK, 

and DRASTIC. In this study, the "DRASTIC" method of analysis will be employed for risk 

assessment. 

The DRASTIC Index (DI) is a model for analysing a specific area's pollution potential, and its 

name is an acronym created from the seven parameters required for its application. They 

are as follows: 

❖ Depth to water table 

❖ Recharge (net) 

❖ Aquifer media 

❖ Soil media 

❖ Topography 

❖ Impact of the vadose zone 

❖ Conductivity (Hydraulic) 

The classification ratings for these groundwater vulnerability parameters are shown in Table 8-

2. 

Conductivity classification ratings are given in Table 8-1. 

Table 8-1: Ratings for Hydraulic conductivity of different aquifer types 
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Table 8-2: Ratings assigned to groundwater vulnerability parameters (Lynch et al., 1994) 

 

An equation will be used for the pollution potential (DRASTIC Index) as is given below: 

DRASTIC Index (DI) = DrDw + RrRW + ArAw + SrSw + TrTw + IrIw + CrCw 

Where, r is the rating for the area evaluated and 

w is the importance weight of the parameter (normally from 1 to 5) – refer to 

Table 8-3: Description of parameter weights used when assessing groundwater vulnerability 
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The weights assigned to these parameters were as follows: 

Parameter Weight 

Depth to groundwater (Dw) 5 

Recharge (Rw) 4 

Soil Media (Sw) 3 

Soil Media (Sw) 2 

Topography (Tw) 1 

Impact of Vadose zone (Iw) 5 

Hydraulic Conductivity (Cw) 3 

 

Total DI groundwater vulnerability values will be classified using the values shown below. 

❖ Insignificant (3-5) 

❖ Very low (15-20) 

❖ Low (20-25) 

❖ Moderate (25-30) 

❖ High (30-45) 

❖ Very High (45-60) 

❖ Extreme (60-110) 

8.1. SITE ANALYSIS 

8.1.1. DEPTH TO GROUNDWATER 

Local groundwater levels gathered in the local vicinity of the project area were calculated 

to be 6.1 mbgl. 

The depth to groundwater vulnerability importance rating is calculated at 0.2 with a weight 

of 5 based on information acquired during the site assessment. 

8.1.2. NET RECHARGE 

The study area is located in the quaternary catchment B31J. This location has an estimated 

groundwater recharge rate of 2.6 mm/a. As a result, the net recharge vulnerability 

significance rating is estimated to be 0.01 with a weight of 4. 

8.1.3. AQUIFER MEDIA 

The study region is projected to be underlain by homogeneous intergranular geology, based 

on geological data. As a result, an aquifer media vulnerability importance rating of 2.1 with a 

weight of 3 is estimated. 
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8.1.4. HYDRAULIC CONDUCTIVITY 

The hydraulic conductivity of the project area is thought to be closely related to the Malmani 

and Duitschland formation. This sort of aquifer is projected to have a vulnerability importance 

rating of one with a weight of three. 

8.1.5. CONCLUSION 

 

The following DRASTIC Index (DI) pollution potential equation can be compiled. 

DRASTIC Index (DI) = DrDw + RrRW + ArAw + SrSw + TrTw + IrIw + CrCw 

DRASTIC Index (DI)= (0,2)(5) + (0.1)(4) + (2.2)(3) + (0,48)(2) + (0.37)(1) + (0.4)(5) + (1)(3) 

DRASTIC Index (DI) = 13.3 

The calculated DRASTIC Index (DI) suggests that the project area exhibit a susceptibility and 

vulnerability rating ranging of INSIGNIFICANT. 

8.2. POTENTIAL GEOHYDROLOGICAL IMPACTS AND MITIGATION MEASURES 

Risk assessment requires understanding the genesis of a danger, the likelihood that the 

hazard will occur, and the repercussions if it does occur. 

Key assumptions made: 

 

❖ Saturated hydraulic conductivities are correlated with aquifer rock values in the 

literature. 

❖ The risk/impact analysis takes a worst-case scenario approach. 

❖ Groundwater resembles topography. 

❖ The risk/impact evaluation for the site is based on the topography, groundwater flow 

direction, groundwater levels, geology, geophysical data, and aquifer system 

features. 
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Table 8-4: Potential geohydrological impacts and mitigation measures 

Geohydrological Impact Potential Impact Environmental Significance of Impact Mitigation Measure Proposed  

M D S P Total Status SP 

Aquifer dewatering Over pumping of boreholes could 

promote the formation of algae (iron-

related microorganisms), blocking the 

pump components; and 

2 1 1 2 8 - L Water levels monitoring on a 

regular basis. 

If substantial amounts of water are 

withdrawn from the area without any 

recharge (i.e., during dry months), the 

risk of dewatering the aquifer and 

shutting fractures is high. Because 

fractures may collapse, long-term 

borehole utilization will be reduced. 

2 1 1 2 8 - L If substantial amounts of water 

are withdrawn from the area 

without any recharge (i.e., 

during dry months), the risk of 

dewatering the aquifer and 

shutting fractures is high. 

Because fractures may collapse, 

long-term borehole utilization will 

be reduced. 

Boreholes for Groundwater Abstraction - 

Primary Groundwater Receivers 

Pesticides and other sprayed chemicals 

on crops could impact groundwater 

quality. 

4 2 1 2 23 - L Monitoring of water quality and 

visual inspections 

Perennial River Elands is the primary 

surface water receiver. 

Water quality degradation at the Elands 

River (perennial stream) and non-

perennial downstream of the farm. 

5 2 1 2 48 - M Monitoring of water quality and 

visual inspections 
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Where S = scale of magnitude, D = duration of activity, S = Scale of activity, P = Probability of 

occurrence, (-) = negative impact type, SP = Significance Points / Potential Impact, 

L : Low (negative) >-30 

M : Medium (negative) -30 to -60 

H : High (negative) <-60 

9. GROUNDWATER MONITORING SYSTEM 

 

9.1. GROUNDWATER MONITORING SYSTEM 

Groundwater management options for this type of project are restricted, and the emphasis is 

on contamination prevention rather than treatment. Early detection of contamination is 

critical for efficiently reacting to and managing any potential sources of pollution. This will aid 

in determining potential future implications of agricultural operations on groundwater 

habitats. The groundwater monitoring for this project should be conducted quarterly.  

9.2. SYSTEM RESPONSE MONITORING NETWORK 

9.2.1. WATER LEVEL 

To detect any changes or trends in groundwater flow direction, groundwater levels must be 

recorded quarterly using an electrical contact tape or pressure transducer. Contamination 

from the pesticides as well as other agricultural chemicals can contaminate the underlying 

aquifers.  

Proposed monitoring boreholes should be established to monitor for changes in groundwater 

level and quality near crops field. 

9.2.2. SAMPLING METHOD AND PRESERVATION 

 

❖ Most sampling exercises necessitate the use of one-litre plastic bottles with a plastic 

cap and no lining within the cap. If organic ingredients are to be examined, glass 

bottles are necessary. The borehole name, date of sampling, water level depth, and 

sampler's name should be properly labelled on sample bottles. 

❖ Prior to obtaining the sample, water levels (mbgl) should be determined with a dip 

meter. To assure sampling of the aquifer rather than stagnant water in the casing, 

each borehole to be sampled should be purged with a submersible pump or, in the 

case of a small diameter borehole, a clean disposable polyethylene bailer. Until the 

electrical conductivity value stabilizes, at least three borehole volumes of water 

should be evacuated either purging or continual water quality monitoring. To remove 

clay suspensions from metal samples, they must be filtered in the field. 

❖ In the field, samples should be kept cool in a cooler box and kept cool before being 

submitted to the laboratory; and 
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❖ The pH and EC meter used for field measurements should be calibrated daily using 

standard solutions obtained from the instrument supplier. 

9.2.3. SAMPLING LOCATIONS 

The main objectives in positioning the monitoring boreholes are for: 

❖ Monitoring of groundwater migrating away from the crops field area and 

❖ Monitoring the lowering of the water table and the radius of influence. 

9.2.4. DATA MANAGEMENT 

Good hydrogeological judgments in any project necessitate good information derived from 

raw data. The ability to generate good, relevant, and timely information is essential for 

achieving qualified long-term and short-term strategies. To reduce groundwater 

contamination, it is vital to use all relevant groundwater data. 

During the course of this inquiry, an excel-based database was used, and it is advised that 

database be used and regularly updated to maintain it as new data becomes available. 

Monitoring results should be recorded in an electronic database as soon as they are 

available, allowing for: 

❖ Data presentation in tabular format 

❖ Time-series graphs with comparison abilities 

❖ Graphical presentation of statistics 

❖ Presentation of data, statistics and performance on diagrams and maps and 

❖ Comparison and compliance to legal and best practice water quality standards. 

9.2.5. MONITORING POINTS, MONITORING FREQUENCY AND CHEMISTRY ANALYSES 

Table 9-1 summarizes the proposed (current and new points) monitoring points and 

monitoring frequencies. The proposed laboratory analysis parameters have been added to 

the last column. 

Table 9-1: Monitoring points, monitoring frequency and laboratory analyses 
Borehole ID Latitude Longitude Site Type Frequency Field Lab 

BH1 -24.923017 29.326647 Groundwater 

Quarterly 

and 

Monthly 

Monthly inspections of all 

boreholes. 

Water levels in actively 

pumping boreholes should be 

measured regularly (monthly), 

while other boreholes should 

be measured quarterly. 

Quarterly sampling of all 

boreholes. 

pH, EC, HCO3, Ca, Mg, 

Na, K, F, Cl, SO4, NH3, PO4 

BH2 -24.921578 29.329211 Groundwater 

BH3 -24.921339 29.329321 Groundwater 

BH4 -24.907029 29.323172 Groundwater 

BH5 -24.905602 29.321767 Groundwater 

BH6 -24.905204 29.321114 Groundwater 

Upstream -24.92365 29.32647 Surface Water 

Bi-Monthly 

(Every 2nd 

Month) 

All surface water sites are 

inspected monthly. 

Water quality is sampled 

bimonthly. 

Constituents within the 

WUL or General 

Authorisation Limits 

(Government Gazette 

No. 20526, 8 October 

1999) - General 

Wastewater Limits 

Instream Dam -24.921915 29.329872 Surface Water 

Down Stream -24.92348 29.34287 Surface Water 
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Figure 9-1: Proposed Monitoring Points 
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10. OVERALL CONCLUSION AND RECOMMENDATIONS  

 

The likelihood of groundwater pollution is inversely correlated with the activity's type. The 

outcomes of a thorough desktop and site inquiry could be summarized as follows: 

10.1. CONCLUSION  

 

❖ The project is situated in a region with limited aquifer systems and low producing 

boreholes projected. The predicted range for groundwater quality is 70–150 mS/m. It 

can be expected that the aquifer has a low susceptibility for pollution given that the 

study region is situated inside a minor aquifer system. 

❖ During a hydrocensus, a total of 6 usable boreholes were counted. Groundwater 

dependence was noted in the neighborhood surrounding the analysed location; 

however, it was limited to domestic and agricultural irrigation. 

10.2. RECOMMENDATIONS 

Based on geohydrological data, the planned agricultural development may only be taken 

into consideration if the following recommendations are taken into consideration: 

❖ Use soil management techniques to prevent moving water from eroding the margin 

of an irrigated field, such as creating grassed waterways and vegetative buffers. 

❖ To change the seasonal water use patterns in relation to the precipitation patterns, 

use more varied crop rotations. 

❖ Usage optimum management methods for irrigation to safeguard water quality and 

increase water use effectiveness. 

❖ Improve the rate, form, and positioning of when you apply fertilizer, manure, and 

pesticides. 

❖ Implement landscaping techniques, such as buffer strips, biofilters, controlled 

drainage systems, etc., to offer a potential means of catching sediment, nutrients, 

pathogens, and pesticides before they are delivered into streams or rivers 
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APPENDIX 1: SITE PICTURES 
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APPENDIX 1: REGEN WATERS INSTRUMENTATION DESCRIPTION 
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APPENDIX 2: REGEN ACCRIDATION CERTIFICATE 
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APPENDIX 4: WATER QUALITY RESULTS CERTIFICATES 
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