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1 Introduction 

Shango Solutions (Pty) Ltd (Shango Solutions) has been appointed by Western Allen Ridge 

Gold Mines (Pty) Ltd to undertake the requisite environmental studies in support of a Gas 

Exploration Right Application. 

The application area occupies a total of 33 065.29 hectares (ha) and it is located 15 

kilometres (km) east of the town of Kroonstad, in the Free State Province, with a total of 139 

farm portions in the application area (Figure 1). 

Noa Agencies (Pty) Ltd has been sub-contracted by Shango Solutions to undertake the 

hydrogeological assessment, as required for the Kroonstad Gas Exploration Application.  An 

understanding of the hydrogeological environment is essential to understand the impacts of 

the exploration programme on the groundwater environment. 

1.1 Project Description 

Western Allen Ridge Gold Mines (Pty) Ltd (Western Allen Ridge), a subsidiary of White 

Rivers Exploration (WRE), has been granted a Technical Co-operation Permit (TCP) over a 

target area 15 km east of Kroonstad (Figure 1).  The TCP was granted on 9 May 2019 (PASA 

Reference No: 12/2/167 TCP).  During the third quarter of the TCP activities, Western Allen 

Ridge has chosen to apply for an exploration right over the existing area. 

Historically, the Kroonstad project area was explored for gold and gas by WRE.  WRE held 

both a prospecting right and a TCP over the project area.  The desktop activities that were 

carried out in the Kroonstad area indicated promising gold intersections in the Kimberley 

Group of reefs.  A few of the boreholes intersected gas and it was believed that gas could 

form a useful co-product along with gold as it could provide a source of energy for the 

mining operations in the area.  WRE collected summary borehole logs for many of the 

boreholes drilled in the area from the Council for Geoscience (CGS) and used these boreholes 

to build a low-resolution 3D geological model of the project area (Figure 2 and Figure 3). 

Based on the outcome of the geological model, WRE were of the opinion that the Kroonstad 

TCP area held considerable promise as a gas field because the geological formations are very 

similar to those in the Evander Goldfield, which has yielded large quantities of gas since its 

discovery in 1955.  In addition, the TCP area lies very close to the helium-rich Smaldeel 

Gasfield (Figure 2 and Figure 3) which is characterised by: 

1. Pre-Karoo topographic highs; 

2. Pre-Karoo rocks belonging to the West Rand Group; 

3. Proximity to a fault; and 

4. Proximity to a prominent late– or post-Karoo dyke. 

 

Based on the findings from the geological model of the Kroonstad TCP, preliminary gas 

targets were delineated for future exploration (Figure 4).  Subsequently, WRE also undertook 

a provisional evaluation of the Kroonstad prospecting right project area as a gold exploration 

target and the results were promising.  The geological analysis indicated that the area to the 

south of the boundary, in Figure 1, was of interest for gold exploration.  
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Figure 1  Kroonstad Project area 
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Figure 2  Geological model of the area including the Kroonstad TCP (outlined in red) and the 

Smaldeel Gasfield outlined in black 

 

 

Figure 3  Block model showing the pre-Karoo geological structure of the Kroonstad TCP (outlined 

in red) and surroundings. The historic Smaldeel Gasfield is outlined in black 
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Figure 4  Geological map showing the distribution of pre-Karoo formations in and around the 

Kroonstad TCP. Recommended gas targets are outlined in purple 
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2 Groundwater Assessment Framework 

An understanding of the hydrogeological environment is essential to understand the impact of 

the exploration programme on the groundwater environment and to help design an 

environmental management plan that reduces or removes the risk of groundwater quality and 

quantity impacts. 

2.1 Groundwater Study Objectives 

The groundwater assessment will focus on the following objectives: 

1. Define the aquifers underlying the Kroonstad TCP area, as well as current 

groundwater table depth, groundwater quality, and flow characteristics. 

2. Define the current groundwater and surface water use in the area. 

3. Define what impact the exploration programme might have on the groundwater 

environment; and 

4. Recommend an initial groundwater monitoring network that will effectively monitor 

the groundwater quality and level changes. 

2.2 Compliance Framework 

The groundwater assessment will be done in accordance with the MPRDA Regulations for 

Petroleum Exploration and Production, 2015 (GNR 466). 

The water quality assessment will be based on South African National Standard (SANS) 241-

1:2015, Drinking Water. 

2.3 Groundwater Assessment Team 

The following hydrogeologists are involved in the Kroonstad Gas Exploration Programme 

groundwater assessment: 

1. Stephan Meyer (B.Sc. Hons Geohydrology) Pr.Sci.Nat: 

o Project hydrogeologist. 

o Data analysis, interpretations, impact assessment and reporting. 

2. Lucas Smith (MSc Geohydrology) Pr.Sci.Nat: 

o Field work, data analysis, interpretations and reporting. 

2.4 Report Structure 

The remainder of the report is structured as follow: 

1. Section 3 – Environmental Setting. 

2. Section 4 – Groundwater Assessments 

3. Section 5 – Conceptual Hydrogeological Model. 

4. Section 6 – Potential Groundwater Impacts. 

5. Section 7 – Conclusions. 

6. Section 8 – Scope of Work proposed for the Impact Assessment Phase. 
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3 Environmental Setting 

The proposed development is approximately 15 km east of Kroonstad, along the R34 

provincial road and extending up to the town of Edenville. 

The topography is generally flat, with a low gradient, rolling landscape.  The surface 

elevation dips from east to west and from south to north.  Topographical elevations on the 

Kroonstad TCP area range between 1 554 metres above mean sea level (mamsl) on the 

western outskirts of Edenville, to 1 435 mamsl in the west (Figure 1).  The regional surface 

water drainage is in a north-westerly direction. 

The project area appears to be an agricultural area, with most of the surface area covered by 

cultivated lands.  Other uses appear to be tourism (lodges), and livestock and game farming.  

Historically most of the area makes use of groundwater as the only source of water. 

3.1 Catchment 

The Kroonstad TCP area is predominantly in the Renoster River catchment (C70), forming 

part of the Vaal Water Management Area (WMA:5).  Most of the proposed exploration study 

area falls in the C70G quaternary catchment (Figure 5). 

The C70G quaternary catchment is associated with the Heuningspruit, with its origin to the 

north of the Kroonstad TCP area and directly north of the top cadastral farms Onrustig 234 

and Devilliershof 1618.  The Rietspruit, a tributary of the Heuningspruit has its origin to the 

south of Edenville and it flows in a westerly direction, through the centre of the project area, 

before it joins the Heuningspruit in the vicinity of the N1 national road.  The project area was 

historically associated with the Middle Vaal WMA.  Other rivers and streams in the area 

include are provided in Table 1. 
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Figure 5  Environmental setting of the proejct area 
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Table 1 Local rivers and streams 

Local stream Quaternary 

catchment 

Notes 

Liebenbergspruit C60C Along the south-eastern boundary of the project area, 

near Edenville.  Discharges in the Vals River, that 

flows to the Vaal River. 

Randjiespruit C60D Located to the south of the project area.  Discharges in 

the Vals River, that flows to the Vaal River. 

Doringspruit C70D Located northeast of the project area, to the north of 

Edenville.  Discharges in the Renoster River, that 

flows to the Vaal River. 

Rietspruit and 

Heuningspruit 

C70G The Rietspruit is the main drainage in the project area 

and is a tributary to the Heuningspruit. 

 

Table 2 Quaternary catchment information (WR2012 dataset) 

Quaternary 

catchment 
C60C C60D C70D C70G 

Rainfall (mm/a) 571 550 586 577 

Evaporation 

(mm/a) 
1550 1600 1600 1600 

Runoff (mcm) 27.68 15.87 14.44 18.16 

 

On a local scale the surface flow is in a north-westerly direction (Vals and Renoster Rivers). 

 

The Integrated Units of Analysis (IUA) (DHSWS classification, Government Gazette, April 

2016) are classified in terms of their extent of permissible utilization and protection, as either 

Class I, Class II or Class III.  The Vals and Renoster Rivers have been assigned a 

classification of Class II, indicating moderate protection and moderate utilization. 

The ecological category or Recommended Ecological Category (REC) means the assigned 

ecological condition, by the Minister, to a water resource that reflects the ecological 

condition of that water resource in terms of the deviation of its biophysical components from 

a predevelopment condition; both river systems have been assigned a classification of Class 

C – moderately modified; a loss and change of natural habitat and biota have occurred, but 

the basic ecosystem functions are still predominantly unchanged. 

3.2 Climate and Rainfall 

Kroonstad lies at approximately 1374 m above sea level.  There is little rainfall throughout 

the year, with a temperature that averages 16.6°C. 

The mean annual precipitation (MAP) for the Kroonstad area is 604 mm (Climate-Data.org).  

The MAP for the C70G quaternary catchment is 577 millimetres (mm), which is mostly 

concentrated in the summer months (Table 3) (Figure 6).  The driest month is August, with 7 

mm of rain.  The greatest amount of precipitation occurs in January, with an average of 99 

mm (Climate-Data.org).  The mean annual evaporation is 1600 mm, approximately 3 times 

the MAP. 
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January is the warmest month of the year.  The temperature in January averages 22.4 °C.  The 

lowest average temperatures in the year occur in June, when it is around 8.8 °C. 

Table 3 Precipitation data for Kroonstad (Climate-Data.org) 

 Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

Precipitation 

(mm) 
99 84 72 58 21 11 8 7 22 66 76 80 

 

 

Figure 6  Kroonstad climate data (Climate-Data.org) 

 

3.3 Geology 

As the geology will control the geohydrology, a summary of the main geological aspects of 

the project area is provided here. 

The geological formations underlaying the Kroonstad TCP area are predominantly associated 

with the Karoo Supergroup (Figure 7).  On surface the area is covered by aeolian sand of 

Quaternary Age, underlain by Karoo formations, followed by Transvaal formations, 

Ventersdorp Supergroup formations, Witwatersrand Supergroup formations, and then the 

basement rocks.  The following formations are found (youngest to oldest): 

1. Quaternary Age, aeolian sands. 

2. Intruded and interconnected dolerite sills that are mostly associated with the Dwyka 

and Beaufort Formations.  The dolerite sills vary in thickness from 15 m to 300 m.  

They become thicker and more frequent in the upper portions of the succession.  

Generally, formations overlying dolerite sills are extensively weathered.  The 

intrusion of the sills is thought to result in the development of fractures, thus creating 

contact-zone localised aquifers.  Springs are often associated with the contact zone 
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between dolerite intrusions and the sedimentary formations.  These are typically the 

sources for streams draining the area. 

Dykes varying in width from a few centimetres to 30 m are common in the Karoo 

sedimentary rocks; with an average width of 3 m.  Most dolerite dykes have a vertical 

dip, except in the east where they have a westward dip due to regional structure 

(Baran, 2003).  Many dykes appear in parallel groups and cross the dolerite sills; 

confirming their younger age. 

A regional late- to post Karoo dolerite dyke extends through the Kroonstad TCP 

project area, from the south-eastern corner towards the north-western corner (Figure 

4). 

3. Adelaide Formations, Beaufort Group, Karoo Supergroup covers most of the project 

area and can reach a thickness of up to 600 m in the southeast.  The formation consists 

of sandstone, mudstone and siltstone, but the sandstone thins out towards the 

northwest. 

4. Volksrust Formation, Ecca Group, Karoo Supergroup consists of mudstone, siltstone 

and shale and is of marine origin.  The thickness in the southeast varies between 140 

m and 180 m.  It increases in depth towards the west; up to 260 m thick. 

5. Underlaying the Karoo formations:  To the north of the project area and around 

Edenville small outcrops are found associated with the Hekpoort Formations, Pretoria 

Group, Transvaal Supergroup.  These are predominantly andesitic lava, with minor 

quartz and shale occurrences.  Chuniespoort dolomite has been mapped to the south of 

the Hekpoort formations, but are not visible on surface and possibly appear at great 

depths.  The Transvaal formations are associated with the northern and north-western 

sections of the project area; underlaying the Karoo formations (Figure 8). 

6. To the south of the project area lava outcrops are found, associated with the 

Klipriviersberg Group, Ventersdorp Supergroup (Figure 8).  The rocks appear under a 

thick Karoo cover. 

7. Shale, conglomerate and quartzite, associated with the Central and West Rand Group, 

Witwatersrand Supergroup are also found at depth, in a north-south band created by 

folding and faulting (Figure 8). 

 

Figure 7  Geology of the area 
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Figure 8  The pre-Karoo geology of WRE’s Kroonstad TCP (in red) 
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4 Groundwater Assessment 

The activities presented in this Chapter were conducted to define: 

1. The current groundwater use in the area; 

2. Potential receptors in the project area, for example surface water resources; 

3. The aquifers underlying the area, as well as current groundwater table depth, and 

groundwater quality; and 

4. The local geology and potential roles the structural geology and depth of weathering 

may play in surface water- groundwater interactions. 

4.1 Hydrocensus 

A hydrocensus was completed from 25 August to 2 September 2020 (Appendix A) across the 

proposed Kroonstad Gas Exploration area.  The survey focussed on properties inside the 

application area and concentrated on identifying existing boreholes to enhance the knowledge 

of the groundwater systems and current groundwater use.  A total of 42 farm portions where 

surveyed. 

During the 2020 hydrocensus 120 groundwater sites (boreholes) were identified (Appendix 

A). 

From the 120 boreholes that were surveyed: 

1. 84 boreholes are currently in use: 

o 47 boreholes fitted with submersible pumps. 

o 28 boreholes fitted with wind pumps. 

o 5 boreholes fitted with solar pumps. 

o 3 boreholes fitted with mono pumps. 

o 1 borehole has a hand pump. 

2. An additional 8 boreholes are equipped, but not in use; and 

3. 28 open / unequipped boreholes: 

o 15 accessible, open holes. 

o 13 collapsed / blocked boreholes. 

Groundwater level measurements were possible from 45 boreholes; pumping equipment or 

systems that protect the boreholes from vandalism and theft blocked the rest, and 21 

groundwater samples were collected for water quality analysis. 

 

During the hydrocensus the following information was collected for each site: 

1. Borehole position (X, Y, Z-coordinates); 

2. Information relating to equipment installed; 

3. Borehole construction details; 

4. Borehole yield – if known by the land owner; 

5. Groundwater level, if possible; and 

6. Current use. 

 

A summary of the sites identified during the 2020 hydrocensus is available in Appendix A.  

All coordinates were taken with a hand-held Garmin GPS (Global Positioning System) 

(WGS84). 

Water levels were measured by using a dip meter to measure the distance from the mouth of 

the borehole (borehole collar elevation) to the groundwater table depth in the borehole.  The 

height of the borehole collar was subtracted from the measured water level to define a water 

level below surface (measured in m bgl) (Appendix A).  The m bgl measurement was 

subtracted from the borehole’s surface elevation to define the elevation in metres above mean 

sea level (m amsl), for all water table measurements. 
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The groundwater level below surface varied between a maximum depth of 28 m bgl 

(borehole NOA101) at the Farm Montreal, south of Edenville, and 2.61 m bgl (borehole 

NOA78), at the Farm Bankies.  This borehole is on the edge of a large in-stream earth dam; 

in the Rietspruit.  If the groundwater levels are viewed as elevation above sea level, then the 

highest water elevations can be found close on the Farm Mooihoek (eastern boundary of the 

application area) and the lowest water table elevations to the west, on the Farms Fermanagh, 

Zoar and Klipfontein 2140 Portion1.  The regional groundwater flow is in a westerly to north-

westerly direction. 

The ratio between surface elevation and the groundwater elevation is approximately 97%, as 

shown in Figure 9.  This means that the depth to groundwater table correlates well with the 

surface elevations (topography), indicating that on a local scale groundwater flow follows 

topography. 

 

Surface elevation varies from approximately 1560 mamsl in the east, to 1413 mamsl at the 

Rietspruit in the northwest; an elevation difference of approx. 140 meters.  The groundwater 

elevation shows a similar gradient towards the northwest. 

 

 

Figure 9  Correlation between surface and groundwater elevations 

 

Time series groundwater level or quality data are not available to determine seasonal 

groundwater changes. 

Detailed information in terms of borehole construction and yields are not available for the 

identified private boreholes.  The information provided by the landowner or farm workers 

indicated low borehole yields for most of the project area.  There are several boreholes along 

the floodplain of the Rietspruit that have high yields. 

The extent of the study area, budget and time constraints, and land access limited the 

hydrocensus in terms of surveying every borehole in the area.  The study did aim at covering 

the whole area to ensure a data set representative of the study area. 
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General observations and conclusions from the hydrocensus: 

1. Groundwater is one of the main sources of water in the study area.  In most cases it 

was the only source of water.  It was only the properties that have access to the local 

surface water systems, like the Rietspruit, where surface water is another source of 

water.  Several pools of water could still be seen during the hydrocensus, in the 

Rietspruit.  Earth dams are also present in the local streams and rivers to help secure a 

source of water for the local farming activities.  Edenville town is dependant on 

several boreholes to supplement the town water supply from Heilbron. 

2. Most of the landowners in the western section of the study area refused access to their 

properties.  The landowners were concerned about the negative impact that 

prospecting and mining activities have on the environment and were concerned about 

the negative impact on their already limited water resources. 

3. The highest water elevations can be found in the vicinity of the Farm Mooihoek 

(eastern boundary of the application area) and the lowest water table elevations to the 

west, on the Farms Fermanagh, Zoar and Klipfontein 2140 Portion1.  The regional 

groundwater flow is in a westerly to north-westerly direction. 

4. From the 45 measured water levels only two were deeper than 20 metres below 

surface.  The rest were on average between 3 and 18 metres below surface.  The 

average depth for the study area is 9.1 m. 

5. The depth of the water strikes, and the depth of the boreholes are unfortunately not 

known for many of the sites.  Most of the private boreholes are 30 to 50 metres deep, 

with pumps often installed between 20 and 45 metretes below surface.  The Edenville 

town boreholes seem to be the deepest, with an average pump depth of 60m.  The 

deepest pump is at 70m below surface. 

6. This indicates that most of the boreholes potentially only penetrate the weathered, and 

the shallow weathered and fractured aquifers. 

7. Borehole yields are predominantly in the 800 to 3000 Litres per Hour (L/hr) range, 

with isolated high yields of 7000 to 15000 L/hr range.  Many of the higher yielding 

boreholes are close to a surface water feature – earth dam or stream. 

8. Based on the SANS241 drinking water guideline and on the sampled borehole water 

results, 7 of the 21 sampled boreholes are not fit for human consumption (unless 

treated) – see Section 4.2.  This is mainly the result of elevated nitrate concentrations.  

Fluoride is the only other parameter with a DWS classification of Class 2.  This in 

only for borehole NOA46.  The rest of the tested parameters are within the Class 0 

and Class 1 limits. 

 

4.2 Groundwater Quality 

Twenty-one (21) groundwater samples were collected during the hydrocensus.  The water 

samples were analysed for basic inorganic parameters and the results were compared against 

the SANS 241:2015 Drinking Water Standards, as well as the DWS South African Water 

Quality Guidelines, Domestic Use. 

 

The water quality results are presented in Table 4.  Based on the SANS 241 Drinking Water 

Guideline, the following conclusions were drawn: 

1. Health effects: 

i. Nitrate – The groundwater samples from boreholes NOA8 (15 mg/L), NOA11 

(15 mg/L), NOA19 (20 mg/L), NOA25 (11 mg/L), NOA39 (13 mg/L) and 

NOA81 (13 mg/L) yielded high nitrate concentrations.  The elevated nitrate 

concentration might be related to the underlying geology, soils or vegetation 



Kroonstad Gas Exploration Right Application 

Noa Agencies (Pty) Ltd - 10 - 27/10/2020 

 

(i.e. natural) or to human settlements or livestock watering (i.e. 

anthropogenic).  All listed boreholes are in agricultural areas and is possibly 

the reason for the elevated nitrate concentrations. 

ii. Fluoride – borehole NOA46 has a high fluoride concentration (21 mg/L), 

compared to 1.5 mg/L allowed.  Fluoride is the most electronegative member 

of the halogens.  It has a strong affinity for positive ions and readily forms 

complexes with many metals.  Apart from the alkali metal fluorides, most 

fluorides are insoluble in water.  Fluoride reacts readily with calcium to form 

calcium fluoride, which is reasonably insoluble and can be found in sediments. 

Where phosphate is present, an even more insoluble apatite or hydroxy apatite 

may form. 

The presence of fluoride in drinking water reduces the occurrence of dental 

caries in adults and children.  A small amount of fluoride is necessary for 

proper hardening of dental enamel and to increase resistance to attack on tooth 

enamel by bacterial acids.  In humans and animals, fluoride accumulates in the 

skeleton. 

This borehole is to the south of the Edenville refuse dump and there are also 2 

old holding dams upstream from this borehole.  They are dry now, but the 

original use of the dams is not known. 

 

2. Operational effects: 

i. Turbidity – The turbidity values for boreholes NOA8, NOA43, NOA46, 

NOA87 and NOA89 were elevated.  All of these boreholes are in regular use.  

It has been assumed that the pumping disturbs the silt inside the borehole 

cavity. 

 

Most of the salts and metals were present in concentrations below the SANS241 guideline 

limits.  Based on the SANS241 drinking water guideline and on the sampled borehole water 

results, borehole water from NOA8, NOA11, NOA19, NOA25, NOA39, NOA46 and 

NOA81 is not fit for human consumption (unless treated).  This is mainly the result of 

elevated nitrate and fluoride concentrations. 

 

Based on the DWS classification system the borehole water is categorized as follows: 

1. Class 0 – borehole NOA26. 

2. Class 1 –  

a. Boreholes 1, 6, 20, 35, 43, 87, 89, 94, 101, 102, 114 and 118. 

b. Mainly due to the EC, TDS, Ca, Na, NO3 and Turbidity concentration. 

3. Class 2 –  

a. Boreholes 8, 11, 17, 19, 25, 39 and 81. 

b. Mainly due to the NO3 and Fluoride concentration. 

4. Class 4 – borehole NOA46 due to the Fluoride concentration. 
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Table 4 Groundwater quality results (2020) 

  DWS Drinking Water Guideline Limits SANS241:2015 Drinking Water Standard Limits NOA 

1 

NOA 

6 

NOA 

8 

NOA 

11 

NOA 

17 
  Class 0 Class 1 Class 2 Class 3 Class 4 Aesthetic effects Chronic health effects 

pH 5-9.5 4.5-5 or 9.5-10 4-4.5 or 10-10.5 3-4 or 10.5-11 <3 or >11 ≥5 to ≤9.7   7.5 7.3 7.4 7.7 7.4 

Electrical Conductivity <70 70-150 150-370 370-520 >520 Aesthetic ≤170   83.8 95.9 83.4 86.2 96.1 

TDS <450 450-1000 1000-2400 2400-3400 >3400 Aesthetic ≤1200   536 614 542 546 600 

Turbidity 0 - 1 1 - 5 5 - 10 >10 
 

Operational ≤ 1 

Aesthetic ≤ 5 
  0.1 0.4 1.6 0.1 0.1 

Aluminium 
 

0 - 0,15 0,15 - 0,5 >0,5 
 

Operational ≤ 0,30 
 

<0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic <0,01 0,01-0,05 0,05-0,2 0,2-2 >2 
 

Chronic health ≤0,01 <0.001 <0.001 <0.001 <0.001 <0.001 

Calcium <80 80-150 150-300 >300 
   

62 91 56 64 61 

Copper <1 1-1,3 1,3-2 2-15 >15 
 

Chronic health ≤2 0.02 0.021 0.018 0.022 0.019 

Total Iron <0,5 0,5-1 1-5 5-10 >10 Aesthetic ≤0,3 Chronic health ≤2 <0.025 <0.025 0.086 <0.025 <0.025 

Magnesium <70 70-100 100-200 200-400 >400 
  

20 24 30 28 25 

Manganese <0,1 0,1-0,4 0,4-4 4-10 >10 Aesthetic ≤0,1 Chronic health ≤0,4 <0.025 <0.025 <0.025 <0.025 <0.025 

Potassium <25 25-50 50-100 100-500 >500 
  

7.3 9.2 9 9.1 29 

Sodium <100 100-200 200-400 400-1000 >1000 Aesthetic ≤200 
 

96 96 74 75 102 

Chloride <100 100-200 200-600 600-1200 >1200 Aesthetic ≤300 
 

37 34 43 61 63 

Fluoride <0,7 0,7-1 1-1,5 1,5-3,5 >3,5 
 

Chronic health ≤1,5 0.5 0.3 0.2 0.3 1.2 

Free & Saline Ammonia 0 - 1 1 - 2 2 - 10 >10 
 

Aesthetic ≤1,5 
 

<0.1 0.1 <0.1 <0.1 0.1 

Nitrate <6 6 - 10 10 - 20 20-40 >40 
 

Acute health ≤11 4.6 4.8 15 15 2.4 

Nitrite 
      

Acute health ≤0,9 <0.05 <0.05 <0.05 <0.05 <0.05 

Sulphate <200 200-400 400-600 600-1000 >1000 Aesthetic ≤250 Acute health ≤500 62 83 59 57 68 

Silica               27 34 46 38 21 

DWS Classification 1 1 2 2 2 
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Table 4 continue 

  DWS Drinking Water Guideline Limits SANS241:2015 Drinking Water Standard Limits NOA 

19 

NOA 

20 

NOA 

25 

NOA 

26 

NOA 

35 
  Class 0 Class 1 Class 2 Class 3 Class 4 Aesthetic effects Chronic health effects 

pH 5-9.5 4.5-5 or 9.5-10 4-4.5 or 10-10.5 3-4 or 10.5-11 <3 or >11 ≥5 to ≤9.7   7.6 7.3 7.4 7.6 7.7 

Electrical Conductivity <70 70-150 150-370 370-520 >520 Aesthetic ≤170   103 77.4 58.7 63.7 79.2 

TDS <450 450-1000 1000-2400 2400-3400 >3400 Aesthetic ≤1200   634 490 388 414 498 

Turbidity 0 - 1 1 - 5 5 - 10 >10 
 

Operational ≤ 1 
Aesthetic ≤ 5 

  0.2 0.4 0.1 0.2 0.2 

Aluminium 
 

0 - 0,15 0,15 - 0,5 >0,5 
 

Operational ≤ 0,30 
 

<0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic <0,01 0,01-0,05 0,05-0,2 0,2-2 >2 
 

Chronic health ≤0,01 <0.001 <0.001 <0.001 0.001 <0.001 

Calcium <80 80-150 150-300 >300 
   

74 56 46 42 51 

Copper <1 1-1,3 1,3-2 2-15 >15 
 

Chronic health ≤2 0.019 0.017 0.022 0.021 0.026 

Total Iron <0,5 0,5-1 1-5 5-10 >10 Aesthetic ≤0,3 Chronic health ≤2 <0.025 <0.025 0.031 <0.025 <0.025 

Magnesium <70 70-100 100-200 200-400 >400 
  

25 21 15 11 20 

Manganese <0,1 0,1-0,4 0,4-4 4-10 >10 Aesthetic ≤0,1 Chronic health ≤0,4 <0.025 <0.025 <0.025 <0.025 <0.025 

Potassium <25 25-50 50-100 100-500 >500 
  

5.4 4.8 3.3 2 14.1 

Sodium <100 100-200 200-400 400-1000 >1000 Aesthetic ≤200 
 

101 80 55 81 87 

Chloride <100 100-200 200-600 600-1200 >1200 Aesthetic ≤300 
 

116 54 19 29 40 

Fluoride <0,7 0,7-1 1-1,5 1,5-3,5 >3,5 
 

Chronic health ≤1,5 0.9 0.4 0.2 0.4 0.4 

Free & Saline Ammonia 0 - 1 1 - 2 2 - 10 >10 
 

Aesthetic ≤1,5 
 

0.1 0.1 0.1 0.1 0.1 

Nitrate <6 6 - 10 10 - 20 20-40 >40 
 

Acute health ≤11 20 7.9 11 2 5.1 

Nitrite 
      

Acute health ≤0,9 <0.05 <0.05 <0.05 <0.05 <0.05 

Sulphate <200 200-400 400-600 600-1000 >1000 Aesthetic ≤250 Acute health ≤500 71 44 25 30 39 

Silica               25 33 45 35 26 

DWS Classification 2 1 2 0 1 
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Table 4 continue 

 

  DWS Drinking Water Guideline Limits SANS241:2015 Drinking Water Standard Limits NOA 

39 

NOA 

43 

NOA 

46 

NOA 

81 

NOA 

87 
  Class 0 Class 1 Class 2 Class 3 Class 4 Aesthetic effects Chronic health effects 

pH 5-9.5 4.5-5 or 9.5-10 4-4.5 or 10-10.5 3-4 or 10.5-11 <3 or >11 ≥5 to ≤9.7   7.6 7.5 9.4 7.2 7.5 

Electrical Conductivity <70 70-150 150-370 370-520 >520 Aesthetic ≤170   56.7 58.6 70.8 114 88.4 

TDS <450 450-1000 1000-2400 2400-3400 >3400 Aesthetic ≤1200   376 370 402 698 552 

Turbidity 0 - 1 1 - 5 5 - 10 >10 
 

Operational ≤ 1 

Aesthetic ≤ 5 
  0.4 1.7 1.5 0.1 1.6 

Aluminium 
 

0 - 0,15 0,15 - 0,5 >0,5 
 

Operational ≤ 0,30 
 

<0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic <0,01 0,01-0,05 0,05-0,2 0,2-2 >2 
 

Chronic health ≤0,01 <0.001 <0.001 0.001 <0.001 <0.001 

Calcium <80 80-150 150-300 >300 
   

41 60 5 127 60 

Copper <1 1-1,3 1,3-2 2-15 >15 
 

Chronic health ≤2 0.021 0.015 <0.01 0.02 0.021 

Total Iron <0,5 0,5-1 1-5 5-10 >10 Aesthetic ≤0,3 Chronic health ≤2 <0.025 0.248 0.052 <0.025 0.143 

Magnesium <70 70-100 100-200 200-400 >400 
  

21 27 2 22 22 

Manganese <0,1 0,1-0,4 0,4-4 4-10 >10 Aesthetic ≤0,1 Chronic health ≤0,4 <0.025 <0.025 <0.025 <0.025 <0.025 

Potassium <25 25-50 50-100 100-500 >500 
  

6.1 2.3 0.5 5.9 11.4 

Sodium <100 100-200 200-400 400-1000 >1000 Aesthetic ≤200 
 

46 26 142 84 97 

Chloride <100 100-200 200-600 600-1200 >1200 Aesthetic ≤300 
 

19 26 109 135 75 

Fluoride <0,7 0,7-1 1-1,5 1,5-3,5 >3,5 
 

Chronic health ≤1,5 0.2 0.4 21 0.2 0.6 

Free & Saline Ammonia 0 - 1 1 - 2 2 - 10 >10 
 

Aesthetic ≤1,5 
 

0.1 0.1 0.2 0.1 0.1 

Nitrate <6 6 - 10 10 - 20 20-40 >40 
 

Acute health ≤11 13 <0.1 <0.1 13 8.8 

Nitrite 
      

Acute health ≤0,9 <0.05 <0.05 <0.05 <0.05 <0.05 

Sulphate <200 200-400 400-600 600-1000 >1000 Aesthetic ≤250 Acute health ≤500 27 39 9 69 44 

Silica               48 40 17.8 41 23 

DWS Classification 2 1 4 2 1 
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Table 4 continue 

 

  DWS Drinking Water Guideline Limits SANS241:2015 Drinking Water Standard Limits NOA 

89 

NOA 

94 

NOA 

101 

NOA 

102 

NOA 

114 

NOA 

118 
  Class 0 Class 1 Class 2 Class 3 Class 4 Aesthetic effects Chronic health effects 

pH 5-9.5 4.5-5 or 9.5-10 4-4.5 or 10-10.5 3-4 or 10.5-11 <3 or >11 ≥5 to ≤9.7   7.3 7.4 7.5 7.4 7.1 6.9 

Electrical Conductivity <70 70-150 150-370 370-520 >520 Aesthetic ≤170   116 94.3 83.8 86.6 95 88.2 

TDS <450 450-1000 1000-2400 2400-3400 >3400 Aesthetic ≤1200   718 578 518 538 546 588 

Turbidity 0 - 1 1 - 5 5 - 10 >10 
 

Operational ≤ 1 

Aesthetic ≤ 5 
  1.3 0.8 0.2 0.2 0.3 0.1 

Aluminium 
 

0 - 0,15 0,15 - 0,5 >0,5 
 

Operational ≤ 0,30 
 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic <0,01 0,01-0,05 0,05-0,2 0,2-2 >2 
 

Chronic health ≤0,01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Calcium <80 80-150 150-300 >300 
   

75 67 62 51 58 83 

Copper <1 1-1,3 1,3-2 2-15 >15 
 

Chronic health ≤2 0.019 0.021 0.021 0.01 <0.01 0.018 

Total Iron <0,5 0,5-1 1-5 5-10 >10 Aesthetic ≤0,3 Chronic health ≤2 0.055 <0.025 <0.025 <0.025 0.025 <0.025 

Magnesium <70 70-100 100-200 200-400 >400 
  

30 24 23 27 19 44 

Manganese <0,1 0,1-0,4 0,4-4 4-10 >10 Aesthetic ≤0,1 Chronic health ≤0,4 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 

Potassium <25 25-50 50-100 100-500 >500 
  

12.5 13.4 10 6.1 14.6 1.1 

Sodium <100 100-200 200-400 400-1000 >1000 Aesthetic ≤200 
 

136 91 79 95 108 60 

Chloride <100 100-200 200-600 600-1200 >1200 Aesthetic ≤300 
 

101 80 51 36 35 56 

Fluoride <0,7 0,7-1 1-1,5 1,5-3,5 >3,5 
 

Chronic health ≤1,5 0.5 0.5 0.5 0.4 0.4 0.3 

Free & Saline Ammonia 0 - 1 1 - 2 2 - 10 >10 
 

Aesthetic ≤1,5 
 

0.1 0.1 0.1 0.1 0.1 <0.1 

Nitrate <6 6 - 10 10 - 20 20-40 >40 
 

Acute health ≤11 5.3 7.4 3 6.8 2.3 5.8 

Nitrite 
      

Acute health ≤0,9 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Sulphate <200 200-400 400-600 600-1000 >1000 Aesthetic ≤250 Acute health ≤500 98 57 63 65 52 45 

Silica               24 27 27 44 24 50 

DWS Classification 1 1 1 1 1 1 
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5 Conceptual Hydrogeological Model 

The information presented in this chapter defines the near surface / shallow aquifers 

underlying the area (first 80 to 100 m below surface).  Information pertaining to the deeper 

aquifers, associated with the deeper Transvaal, Ventersdorp and Witwatersrand formations 

will be investigated as part of the impact assessment study.  Basic information of these 

geological units, when closer to surface are presented in this section. 

5.1 Aquifer Description 

Two main aquifers are typically formed in the Karoo sediments.  These include a shallow 

weathered aquifer and a deeper intergranular, fractured aquifer. 

1. The shallow weathered aquifer forms within the weathered zone, which is around 10 

to 40 m across the area.  The depth to groundwater in the weathered aquifer varies 

between 1 and 20 m, with an average depth of 10 m.  The aquifer is unconfined and is 

replenished through the infiltration of rainwater (recharge) from the soil horizon. 

The rate of recharge to this aquifer is typically assumed to be around 3% of the mean 

annual precipitation (MAP) (Grobbelaar et al, 2004). 

The permeability of weathered aquifer is variable, but groundwater occurrence is most 

often associated with the transition between weathered and fresh rock.  In this area, 

the dolerite sill will often form a barrier between the upper weathered and deeper 

fractured rock aquifers.  The permeability of fresh and unfractured dolerite is low and 

that it will therefore act as an aquitard or even an aquiclude, forming a barrier to the 

vertical flow of groundwater from the weathered to fractured rock aquifers. 

2. Intergranular, fractured rock aquifers form in faults, fractures, joints and bedding 

planes of the sediments and rock formations.  Most of the groundwater in these types 

of aquifers is however stored in the matrix (or unfractured) part of these rock 

formations.  Groundwater occurrence in the deeper fractured rock aquifer may be 

associated with the contact zones of the dolerite sills.  These aquifers are typically 

narrow and linear along the strike of the intrusion.  Where present, zones of increased 

permeability allow groundwater flow through otherwise tight rock matrices. 

The permeability of these aquifers is highly variable as it is dependents on the nature 

and extent of the secondary features mentioned.  Measurements by Hodgson and 

Kranz (1998) suggests that the permeabilities of the Ecca Group sediments vary 

between 0,0007 and 0,5 m/d, with an average permeability of 0,07 m/d.  It is noted 

that the permeability of the rock formations decreases with depth. 

The depth to groundwater in the deeper fractured rock aquifer varies between 5 m and 

30 m. 

 

The 2726 Hydrogeological Map of Kroonstad indicates that the project area falls in a d2 to d4 

aquifer regions, with a groundwater yield potential between 0,1 to 5 litres per second (L/s). 

5.1.1 Hydrogeological Characteristics of the Geological Units 

The following is a brief description of the local geological units and their groundwater yield 

potential and water quality characteristics. 
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5.1.1.1 Witwatersrand Formation Characteristics 

The Witwatersrand formations (Central and West Rand Groups) are composed of arenaceous 

and rudaceous rocks.  Outcrops of these formations are not found in the area and is covered 

by thick Karoo, Transvaal and Ventersdorp formations.  The Central Rand Group lithologies 

produce borehole yields of 1 to 2 L/s.  Higher borehole yields are associated with faults and 

highly fractured systems – high permeability zones.  It is thought that the permeabilities of 

the shale, especially the layer of Booysens shale, would be low compared to that of the 

quartzite and conglomerate. 

The groundwater levels vary between 10 and 25 m below surface. 

The groundwater quality is generally suitable for all use, if the abstraction points and aquifers 

are not near pollution sources.  Electrical Conductivity (EC) values are generally in the order 

of 40 to 70 mS/m (milliSiemens per metre) (Baran, 2003), with a neutral pH and a calcium-

magnesium-bicarbonate signature.  Nitrate pollution (agriculture) is often the only chemical 

of concern (COC).  The deeper aquifers often exhibit fossil water characteristics – old water 

high in salt concentrations. 

The deep fractured aquifers are often isolated from the shallow, fractured and weathered 

aquifers by the upper, impermeable shale horizons of Karoo age.  Information on these units 

are however scarce for this area. 

5.1.1.2 Klipriviersberg Formation Characteristics 

The Klipriviersberg Group comprises mainly of basaltic lava, where groundwater occurrence 

is associated with deep weathered pockets or the contact zone between the weathered and 

fresh lava.  Groundwater may also be found on the contact between different lava flows.  The 

formation often decomposes to clay, with a low permeability. 

Higher borehole yields are associated with faults and highly fractured systems, as well as the 

contact with diabase dykes/ sills – high permeability zone.  The groundwater potential is 

generally regarded as low (less than 1 L/s). 

5.1.1.3 Hekpoort Andesite, Pretoria Group Characteristics 

The permeability of the weathered andesite is very low, with faster groundwater flow 

expected in the fractured andesite below the highly weathered rock. 

Successful boreholes in the Hekpoort andesite are associated with fractured zones below the 

weathered zone and are often associated with faults, fractures and on the contact with the 

shale formations.  The groundwater yield potential is classified as moderate, with boreholes 

yielding between 0.5 and 2 L/s (Baran, 2003).  The low permeability, weathered zone could 

have a negative impact on recharge to the underlying fractured aquifers, but this low 

permeable zone (mostly clay) could also protect the underlying fractured (main) aquifer from 

possible surface contamination impacts. 

The depth to groundwater in the area varies between 3 and 30 m below surface, depending on 

borehole position and surface elevation.  Boreholes close to the rivers and streams present 

shallow groundwater levels, compared to boreholes located higher up against the rolling hills.   

According to Baran (2003) the electrical conductivity value is between 13 and 86 mS/m, with 

an average pH value of 8.0. 

5.1.1.4 Volksrust Formation, Ecca Group 

The Volksrust Formation comprises of an alternating succession of argillaceous shale, 
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siltstone and mudstone.  Approximately 40% of all boreholes drilled into the Volksrust 

Formation yield between 0.5 and 2.0 L/s, with 30% yielding between 0.1 and 0.5 L/s.  Water 

strikes are mostly encountered in the fractured hard rock, but the weathered contact between 

the shale and the sandstone also yields water.  Vegter (1968) described the Volksrust 

Formations in the Welkom area as impermeable. 

The mean electrical conductivity of groundwater in the Volksrust Formation is 78 mS/m 

(Baran, 2003).  The quality associated with argillaceous rocks is often worse, with an average 

EC of 113 mS/m.  The groundwater is usually associated with a sodium-bicarbonate 

signature. 

5.1.1.5 Beaufort Formation, Ecca Group 

The Beaufort Formation comprises of argillaceous sediments.  The unit is low yielding with 

more than 50% of all boreholes yielding between 0.1 and 0.5 L/s, with 33% yielding between 

0.5 and 2 L/s.  The depth to solid rock is often 30 m to 40 m below surface (Baran, 2003), 

with a groundwater level between 10 and 20 m below surface. 

The groundwater is usually associated with a Ca-Mg-Na-bicarbonate signature. 

5.1.1.6 Karoo/ Jurassic Dolerite 

The rocks immediately adjoining the dolerite intrusions are frequently fractured and 

thermally metamorphosed.  Fractured and weathered dolerite is not only a good aquifer, but it 

is in contact with the host rock into which it has intruded.  The intrusions have caused 

hardening of the contact with the host rock and displaced other rocks in the process.  This 

increases the hydraulic conductivity of this zone and results in good aquifers, if the 

connectivity between the fractures are good and extensive. 

The contact zone between dolerite and sandstone delivers a much better yield (forms better 

aquifers) compared to the contact between dolerite and shale.  Typical borehole yields are 

around 0.2 L/s for argillaceous contacts, compared to 1.40 L/s for arenaceous or crystalline 

contacts.  Water can be found at the top or the bottom of a dolerite contact.  Studies have 

shown that many of the dolerite – host rock contacts, at depth, deprived of open, 

interconnected fractures. 

Groundwater associated with dolerite intrusions are often of calcium, magnesium bicarbonate 

type. 

5.2 Aquifer Characterisation 

Aquifer characterisation is done based on the information presented thus far, and guidelines 

and maps provided by the Department of Human Settlement, Water and Sanitation 

(DHSWS).  This system was created as it allows the grouping of aquifer areas into types 

according to their associated supply potential, water quality and local importance as a 

resource. 

The aquifers in the study area are classified as minor aquifer systems according to the South 

African aquifer system management classification.  The groundwater is therefore of limited 

quantity, but potentially important for local water supply and base flow for rivers (Parsons, 

1998). 

5.2.1 Groundwater Vulnerability 

Groundwater vulnerability indicates the tendency or likelihood for contamination to reach a 

specified position in the groundwater system after introduction at some location above the 
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uppermost aquifer.  Based on the aquifer vulnerability map published by the DHSWS, in July 

2013 the local formations are classified as moderately vulnerable aquifer systems (DHSWS, 

July 2013). 

5.2.2 Aquifer Susceptibility 

Aquifer susceptibility is a qualitative measure of the relative ease with which a groundwater 

body can potentially be contaminated by anthropogenic activities and includes both aquifer 

vulnerability and the relative importance of the aquifer in terms of its classification.  Based 

on the classification above the local Karoo formations have a medium susceptibility to 

contamination. 
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6 Potential Groundwater Impacts 

Potential environmental impacts associated with the exploration programme were assessed.  

These impacts are only preliminary and were concluded based on baseline data and previous 

experience in the area.  All potential impacts will be investigated during the groundwater 

impact assessment phase. 

The impact assessment methodology will be guided by the requirements of the NEMA EIA 

Regulations (2014).  The broad approach to the significance rating methodology is to 

determine the environmental risk, by considering the consequence of each impact 

(comprising Nature, Extent, Duration, Magnitude, and Reversibility) and relate this to the 

probability/likelihood of the impact occurring.  This determines the environmental risk. 

In addition, other factors including cumulative impacts, public concern, and potential for 

irreplaceable loss of resources, are used to determine a prioritisation factor which is applied 

to the ER, to determine the overall significance. 

Negative impacts are not expected on the groundwater environment, if the proposed drill 

wells are located remote from private production boreholes or wells and the construction 

vehicles and drill areas are well maintained and kept free from hydrocarbon contamination.  

A low to moderate risk is associated with the abstraction of groundwater from local boreholes 

during the drilling activities for water supply (Table 5).  The following were considered: 

 

Table 5 Potential risks 

Storage of fuel and chemicals on site 

Potential impact 

 Diesel, petrol and grease could potentially spill on the ground surface, or leak from 

surface storage tanks – at the drill site.  This could have a potential negative impact 

on groundwater quality.  It is possible that the spilled compounds can reach the 

groundwater environment considering the shallow water table. 

Mitigation 

 Reservoirs and storage areas must be appropriately bunded. 

 Drill rig services need to have impermeable sheets on the surfaces to limit impacts 

from accidental spills of oils and diesel. 

 A re-fuelling plan must be in place and followed to ensure that oil and diesel is not 

spilled during filling. 

 A borehole monitoring network must be in place for both water level and quality 

monitoring, to detect any changes in quality and availability. 

Waste generation and disposal (including sewage) 

Potential impact 
 Contamination of the aquifer via seepage from solid waste, waste water and leaking 

sewage systems. 

Mitigation 

 Infrastructure must be maintained according to the EMP specifications, when and 

where required, or on a regular basis. 

 Solid waste must be stored in waste bins and removed / cleaned weekly to avoid 

overflowing bins and waste laying on surface, or being taken off site by the wind. 

Groundwater abstraction 

Potential impact 
 Over-utilization of production boreholes can lead to the failure of the production 

borehole or other production boreholes in the area. 

Mitigation 

 Manage the groundwater use through effective use and routine monitoring.  If a 

continuous downward trend is observed in the borehole, rest water levels then the 

abstraction rate must be adjusted to retain a state of equilibrium again, or the system 
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must be rested to allow for recovery and replenishment of the aquifers. 
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7 Conclusions 

The project area appears to be an agricultural area, with most of the surface area covered by 

cultivated lands.  Other uses appear to be tourism (lodges), and livestock and game farming.  

Water supply to the properties will be assessed during the hydrocensus, but historically most 

of the area makes use of groundwater as the only source of water. 

With the available water use information, it cannot be stated, conclusively, whether any fatal 

flaws exist.  It is therefore critical to do the site assessments, determine water use (especially 

in the proposed drilling areas) and use the geological and hydrogeological models to 

determine radius of impact for each drill site and determine if private water resources are in 

the zone of impact.  If drilling is done in a responsible manner, QA/QC maintained and spills 

avoided, then the impacts will be minimal to negligent. 

The hydrocensus data including borehole spatial distribution will determine the current water 

resource and environmental status.  The aim of the fieldwork is to locate and record 

groundwater and surface water points in use and not in use.  The following will be recorded 

for each point: 

1. Type of data point i.e. boreholes or surface water; 

2. In use or not in use; 

3. Equipped or not equipped; 

4. Function of data point i.e. water supply, domestic, agricultural, monitoring etc.; and 

5. Ownership details of data point. 

A possible data gap will be the knowledge of the current yield of private boreholes in the 

zone of impact as aquifer test data will most probably not be available for most (if not all) 

private boreholes in the project area.  If claims arise of possible reduced private borehole 

yields, post exploration drilling, then it will be difficult to confirm/ assess. 

The Kroonstad TCP area is predominantly in the Renoster River catchment, forming part of 

the Vaal Water Management Area (WMA:5).  The majority of the proposed exploration study 

area falls in the C70G quaternary catchment, associated with the Heuningspruit.  The 

Rietspruit, a tributary of the Heuningspruit has its origin to the south of Edenville and it flows 

in a westerly direction, through the centre of the project area, before it joins the 

Heuningspruit in the vicinity of the N1 national road. 

On a local scale the surface flow is in a north-westerly direction (Vals and Renoster Rivers). 

The MAP for the C70G quaternary catchment is 577 mm and the mean annual evaporation is 

1600 mm, approximately 3 times the MAP. 

Two main aquifers are typically formed in the Karoo sediments.  These include a shallow 

weathered aquifer and a deeper intergranular, fractured aquifer. 

1. The shallow weathered aquifer forms within the weathered zone, which is around 10 

to 40 m across the area.  The depth to groundwater in the weathered aquifer varies 

between 1 and 20 m, with an average depth of 10 m.  The aquifer is unconfined and is 

replenished through the infiltration of rainwater (recharge) from the soil horizon. 

The rate of recharge to this aquifer is typically assumed to be around 3% of the MAP 

(Grobbelaar et al, 2004). 

The permeability of weathered aquifer is variable, but groundwater occurrence is most 

often associated with the transition between weathered and fresh rock.  In this area, 

the dolerite sill will often form a barrier between the upper weathered and deeper 

fractured rock aquifers.  The permeability of fresh and unfractured dolerite is low and 

that it will therefore act as an aquitard or even an aquiclude, forming a barrier to the 

vertical flow of groundwater from the weathered to fractured rock aquifers. 

2. Intergranular, fractured rock aquifers form in faults, fractures, joints and bedding 



Kroonstad Gas Exploration Right Application 

Noa Agencies (Pty) Ltd - 22 - 27/10/2020 

 

planes of the sediments and rock formations.  Most of the groundwater in these types 

of aquifers is however stored in the matrix (or unfractured) part of these rock 

formations.  Groundwater occurrence in the deeper fractured rock aquifer may be 

associated with the contact zones of the dolerite sills.  These aquifers are typically 

narrow and linear along the strike of the intrusion.  Where present, zones of increased 

permeability allow groundwater flow through otherwise tight rock matrices. 

The permeability of these aquifers is highly variable as it is dependents on the nature 

and extent of the secondary features mentioned.  It is noted that the permeability of 

the rock formations decreases with depth. 

The depth to groundwater in the deeper fractured rock aquifer varies between 5 m and 

30 m. 

The aquifers in the study area are classified as minor aquifer systems according to the South 

African aquifer system management classification.  The groundwater is therefore of limited 

quantity, but potentially important for local water supply and base flow for rivers. 
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8 Scope of Work Proposed for the Impact Assessment Phase 

The Impact Assessment phase will involve several tasks, as explained below.  The results will 

help characterise the underlying aquifer systems in their current state and define potential 

impacts on the local aquifers, but also groundwater users and sensitive receptors in the area. 

8.1 Drilling Programme 

During Phase 4 gas contour plans will be constructed utilising the 3D geological model.  The 

exploration strategy will be refined based on the outcomes of the modelling and drill targets 

may be redefined to intersect optimal gas exposures. 

A ground geophysical investigation will be conducted to identify linear geological structures, 

and refine the proposed drill targets.  The ground geophysical surveys will be used in 

conjunction with the available remote sensing images, geological maps and the geological 

model to identify the best drilling point. 

Exploration drilling is planned for year two (Phase 2.1) of this exploration work programme 

under which two gas wells are planned.  Preliminary drill areas have been defined as shown 

on Figure 4. 

Phases 2.2 and 2.3 will run concurrently, commencing with site establishment.  This will 

include contacting landowners for preparation of activities and access to the property, 

accompanied by site security and set up of drill rigs.  A well schematic, drilling and 

cementation plan and well control plan will be established for approval by PASA prior to any 

activities being undertaken for these phases. 

Drilling will be conducted in a competent and environmentally responsible manner including 

rehabilitation of the well sites to their original state.  Environmental rehabilitation measures 

will be included in the contract with the drilling company.  Preceding well cementation, the 

designated agency will be informed to enable an authorised person to be present. 

The following are the basic procedures that will be followed, with details associated with 

each line item that still need to be defined / refined: 

1. Award of the drilling contract. 

2. Construction of well schematics, drilling and cementation plans and well control plans 

for established for approval by PASA. 

3. Obtain permission to access the property. 

4. Forward special instructions to the drilling company regarding power, water, 

environmental, safety and security. 

5. Finalise the initial well positions. 

6. Plan access roads, crew accommodation and site security. 

7. Environmental assessment of drill sites. 

8. Preparation of drilling sites. 

9. Establish water source for drilling. 

10. Plan health and safety issues and establish a safe working code specific to the area. 

11. Monitor and control the drilling process. 

12. Ensure secure core storage and sampling facilities. 

13. Set QA/QC sampling procedures in place samples. 

14. Undertake site rehabilitation and well capping and cementation procedures according 

to law. 

15. Take pictures before and after rehabilitation. 

16. Compile preliminary analysis report on the start date of the drilling programme. 

A strict QA/QC programme will be conducted by the internal Qualified Person (QP)/ 

Exploration Manager: 
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1. Quality of drilling programme. 

2. Survey of well collars. 

3. Sample management. 

4. Geophysical logging procedures. 

5. Chain of custody for transport of samples to laboratory. 

6. Applicable lab analysis method to be utilised for gas. 

7. Database management. 

Accompanying the drilling of the wells will be down hole surveys and geophysical logging 

(density, calliper, gamma ray, neutron porosity and optical or acoustic tele-viewer logs).   

Packer tests will be used to identify flow rate per depth interval. 

A water monitoring programme needs to be instated before the drilling starts to assess 

possible surface and groundwater quality and level impacts during and after the drilling 

programme.  The monitoring programme can only be defined once the hydrocensus has been 

concluded and the data has been interpreted. 

All drilling information will be added to the 3D geological model to update information in 

this model.  Newly drilled data will be analysed for gas potential, utilising all parameters 

collected in the field. 

Should the drilling programme prove to be successful in Year 2, an additional two holes will 

be considered for Year 3.  If outcomes are positive, with landowner permissions, site 

preparation and security access will commence. 

 

8.2 Groundwater Impact Assessment Report 

An impact assessment report will present the results and interpretations of the groundwater 

desktop and hydrocensus assessments, as well as the numerical modelling, with an indication 

of potential current and future impacts.  The impact assessment report will include the 

following: 

1. Characteristics of the local groundwater environment, including current groundwater 

use and groundwater qualities; 

2. Definition of the local geology and potential roles the structural geology and depth of 

weathering may play in surface water-groundwater interactions; 

3. Identification of potential hydrogeological impacts and sensitive receptors associated 

with the reclamation activities; and 

4. Cumulative impact assessments: Detailed impact ratings of proposed activities on 

measured baselines, taking into consideration current activities within the catchment 

5. Mitigation and management measures. 

6. A groundwater monitoring network that will effectively monitor the groundwater 

quality and level changes during and after the exploration programme.  The plan must 

at least identify: 

a. The sampling method. 

b. Monitoring point/s. 

c. Monitoring parameters. 

d. Monitoring frequency. 

e. Reporting frequency. 
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