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EXECUTIVE SUMMARY 

Scientific Aquatic Services (SAS) was appointed by Exigo Sustainability (Pty) Ltd to provide a 

hydropedological assessment as part of the Water Use Licence Application process for the proposed 

co disposal facility at Glencore’s Thorncliffe mine in Limpopo. 

 

According to the proponent, the proposed facility will be placed within the extent of a delineated 

watercourse. The DWS indicated that a hydropedological assessment is required. 

 

Based on the above, the objective of this study is to: 

➢ Delineate the spatial extent of the identified soil forms; 

➢ Classify the hydrological hillslope using the Le Roux, et al. (2015) method; 

➢ Investigate the dominant watercourse recharge mechanisms; 

➢ Determine the impact significance of the activities on watercourse; and 

➢ Recommend suitable mitigation and management measures to alleviate the identified impacts 

on the watercourse hydropedological conditions.  

The proposed activities will likely intercept the subsurface flows in the vadose zone feeding the 

watercourses as well as affect vadose zone recharge mechanisms. Thus, it was deemed necessary to 

investigate the recharge mechanism of the watercourses within and in close proximity to the integrated 

water project to ensure that development planning takes cognisance of the hydropedologically 

important areas and hence enable informed decision making and construction design and sustainable 

development. 

 

According to the freshwater assessment conducted by Scientific Aquatic Services (SAS, 2020), a single 

watercourse, comprising two hydrogeomorphic (HGM) units, specifically an ephemeral river with a 

distinct riparian zone, and an Unchannelled valley bottom wetland, was identified within the Focus Area.  

These features have undergone varying degrees of modification largely due mining related activities. 

The results of the freshwater assessment are summarised in Table A below. 

 

Table A: Summary of results of the characterisation of the identified watercourses  

HGM Unit PES Ecoservices EIS REC / RMO / BAS 

Ephemeral river C Moderately Low Moderate C / C / C 

Unchannelled valley bottom A Moderately low Moderate A / A / A 

 

Based on the findings of this study in terms of the dominant hydropedological soil types, the focus area 

is dominated by responsive shallow soils, stagnating soils as well as recharge soils which are 

characterised by absence of any morphological indication of saturation. Shallow responsive soils are 

characterised by limited storage capacity which results in the generation of overland flow after rain 

events. These soils lead to a rapid runoff response time during intense rainfall events attributed to their 

shallow nature which inhibits infiltration. The contribution of these soils to watercourse recharge is 

significant during a rainfall event and minimal during drier seasons.  

 

Stagnating soils have limited subsurface contribution to the surrounding watercourse. The outflow of 

water is limited or restricted even though the A and/or B horizons are permeable, however 

morphological indicators suggest that recharge and interflow are not dominant. The dominant water 

outflow on these soils is through evapotranspiration. 

 

From a hydropedological perspective, limited impact is foreseen for the watercourse associated with 

the proposed co disposal facility since the development is largely located on responsive shallow and 

stagnating soils. Furthermore, because the system is in essence disconnected from the Dwars River 
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and other surrounding watercourses, any hydropedological loss is insignificant to the greater 

catchment. Direct impact will however be significant since the development will be located directly within 

the watercourse. 

Based on the outcomes of this assessment, the following is recommended: 

➢ All development footprint areas to remain as small as possible and disturbance of soil to 

be limited to what is absolutely essential while still optimising the use of the already 

disturbed area; 

➢ Maintain upstream and downstream connectivity as far practically possible to sustain 

catchment water balance while preventing contamination of the water; 

➢ Consider capturing water from upgradient of the proposed co disposal facility through the 

clean water systems, around the co disposal facility and recharge the downstream systems 

within the catchment;  

➢ Runoff captured in clean water systems should be returned back into the adjacent 

watercourse systems in an attenuated manner; and 

➢ Clean and dirty water separation systems must not be decommissioned, in order to prevent 

cumulative impacts on water quality of the downgradient system. 

 

The significance of the impact can be further reduced to very low significance, if the above mitigatory 

measures are implemented. Considering the findings of this study, this project is considered acceptable 

from a hydropedological point of view however the proponent must engage with the DWS as the 

custodians of South Africa’s water resources, in order to ensure that appropriate management 

measures are afforded in line with the principles of Integrated Environmental Management and 

sustainable development. Attention should also be paid to the mitigation measures presented in both 

this study and the freshwater impact assessment to reduce impact on the receiving environment.  



SAS 219220 February 2020 

 

 
v 

TABLE OF CONTENTS 

DOCUMENT GUIDE ............................................................................................................. ii 
EXECUTIVE SUMMARY ..................................................................................................... iii 
LIST OF FIGURES .............................................................................................................. vi 
LIST OF TABLES ................................................................................................................ vi 
GLOSSARY OF TERMS .................................................................................................... vii 
ACRONYMS ...................................................................................................................... viii 
1 INTRODUCTION .......................................................................................................... 1 

  
  
  

2 ASSESSMENT METHODOLOGY................................................................................ 6 
3 HYDROPEDOLOGICAL BEHAVIOUR OF SOIL TYPES .......................................... 10 

  
4 SITE CONDITIONS .................................................................................................... 12 
5 ECOLOGICAL SIGNIFICANCE ................................................................................. 13 
6 RESULTS AND DISCUSSION ................................................................................... 16 

 
 

  
6.2.1 Responsive (Shallow) Soils ........................................................................................ 18 
6.2.2 Interflow (Soil/Bedrock) soils ...................................................................................... 18 
6.2.3 Stagnating Soils ......................................................................................................... 19 

  
6.3.1 Scientific Buffer Consideration Using Hydropedological Principles ............................. 22 
7 IMPACT ASSESSMENT ............................................................................................ 23 
8 CONCLUSIONS AND RECOMMENDATIONS .......................................................... 27 
9 REFERENCES ........................................................................................................... 29 
APPENDIX A: DETAILS, EXPERTISE AND CURRICULUM VITAE OF SPECIALISTS .... 30 
  



SAS 219220 February 2020 

 

 
vi 

LIST OF FIGURES 

Figure 1: The location of the focus area in relation to the surrounds, depicted on digital 
satellite imagery ................................................................................................. 3 

Figure 2: The focus area depicted on a 1:50,000 topographic map. .................................. 4 
Figure 3: Overview of the topographical setting associated with the proposed Waste 

Storage Facility (WSF) ....................................................................................... 5 
Figure 4: Soil texture classification chart (Food and Agriculture Organization (FAO), 

1980. ................................................................................................................. 9 
Figure 5: A diagram depicting soil wetness based on soil textural class (TerraGIS, 2007)

 .......................................................................................................................... 9 
Figure 6: A diagram depicting the percentage volume of water in the soil by soil texture 

(Ratliff, et al, 1983)........................................................................................... 10 
Figure 7: A typical conceptual presentation of hydrological flow paths on different 

hydropedological soil types- hillslope hydropedological behaviour. .................. 11 
Figure 8: Conditions and landscape setting associated with the focus area .................... 13 
Figure 9: Locality and extent of the delineated watercourse within the focus and 

investigation areas ........................................................................................... 15 
Figure 10: Dominant soil forms associated with the focus area ......................................... 17 
Figure 11: A depiction of responsive shallow soils ............................................................ 18 
Figure 12: A depiction of an interflow soil in the soil/bedrock interface .............................. 19 
Figure 13: A depiction of stagnating soils associated with the focus area ......................... 19 
Figure 14: Hydropedological soil types associated with the watercourse .......................... 21 
 

LIST OF TABLES 

Table 1: Average permeability for different soil textures in cm/hour Food and 
Agriculture Organization (FAO), 1980. ............................................................... 7 

Table 2: Soil permeability classes for agriculture and conservation (Food and 
Agriculture Organization (FAO), 1980. ............................................................... 8 

Table 3 : DWS range of hydraulic conductivities in different soil types (DWS 
Groundwater Dictionary, 2011). ......................................................................... 8 

Table 4: Hydrological soil types of the studied hillslopes (Le Roux, et al., 2015). ........... 11 
Table 5: Summary of results of the characterisation of the identified watercourses ....... 14 
Table 6: Hydrological grouping of soils associated with the integrated water project 

according to Van Toll and Le Roux (2016). ...................................................... 20 
Table 7: List of soil forms associated with the focus area and their contribution to 

watercourse recharge. ..................................................................................... 20 
Table 8: A summary table of the impact assessment of the watercourse associated with 

the proposed development from hydropedological perspective ........................ 24 
  



SAS 219220 February 2020 

 

 
vii 

GLOSSARY OF TERMS 

Alluvial soil: A deposit of sand, mud, etc. formed by flowing water, or the sedimentary matter 
deposited thus within recent times, especially in the valleys of large rivers.  

Aquifer An aquifer is an underground layer of water-bearing permeable rock, rock 
fractures or unconsolidated materials e.g. gravel, sand, or silt, that contains and 
transmits groundwater 

Base flow: Long-term flow in a river that continues after storm flow has passed. 

Catena A sequence of soils of similar age, derived from similar parent material, and 
occurring under similar macroclimatic condition, but having different 
characteristics due to variation in relief and drainage. 

Catchment: The area where water is collected by the natural landscape, where all rain and 
run-off water ultimately flows into a river, wetland, lake, and ocean or contributes 
to the groundwater system. 

Chroma: The relative purity of the spectral colour which decreases with increasing 
greyness. 

Evapotranspiration The process by which water is transferred from the land to the atmosphere by 
evaporation from the soil and other surfaces and by transpiration from plants 

Fluvial: Resulting from water movement. 

Gleying: A soil process resulting from prolonged soil saturation which is manifested by the 
presence of neutral grey, bluish or greenish colours in the soil matrix. 

Groundwater: Subsurface water in the saturated zone below the water table. 

Hydromorphic soil:  A soil that in its undrained condition is saturated or flooded long enough to 
develop anaerobic conditions favouring the growth and regeneration of 
hydrophytic vegetation (vegetation adapted to living in anaerobic soils). 

Hydro period Duration of saturation or inundation of a wetland system. 

Hydrology: The study of the occurrence, distribution and movement of water over, on and 
under the land surface. 

Hydromorphy: A process of gleying and mottling resulting from the intermittent or permanent 
presence of excess water in the soil profile. 

Intermittent flow: Flows only for short periods. 

Mottles: Soils with variegated colour patterns are described as being mottled, with the 
“background colour” referred to as the matrix and the spots or blotches of colour 
referred to as mottles. 

Pedology The branch of soil science that treats soils as natural phenomena, including their 
morphological, physical, chemical, mineralogical and biological properties, their 
genesis, their classification and their geographical distribution. 

Perched water 
table: 

The upper limit of a zone of saturation that is perched on an unsaturated zone by 
an impermeable layer, hence separating it from the main body of groundwater 

Runoff Surface runoff is defined as the water that finds its way into a surface stream 
channel without infiltration into the soil and may include overland flow, interflow 
and base flow. 

Swelling clay: Clay minerals such as the smectites that exhibit interlayer swelling when wetted, 
or clayey soils which, on account of the presence of swelling clay minerals, swell 
when wetted and shrink with cracking when dried. 

Vadose zone The unsaturated zone between the ground surface and the water table 
(groundwater level) within a soil profile 

Watercourse: In terms of the definition contained within the National Water Act 36 of 1998, a 
watercourse means: 

• A river or spring; 

• A natural channel which water flows regularly or intermittently; 

• A wetland, dam or lake into which, or from which, water flows; and 

• Any collection of water which the Minister may, by notice in the Gazette, 
declare to be a watercourse; 

• and a reference to a watercourse includes, where relevant, its bed and 
banks 
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ACRONYMS 

°C Degrees Celsius. 

DWA  Department of Water Affairs 

DWAF Department of Water Affairs and Forestry 

DWS Department of Water and Sanitation  

EAP Environmental Assessment Practitioner  

EIA Environmental Impact Assessment 

ET Evapotranspiration 

FAO Food and Agriculture Organization 

GIS Geographic Information System 

GPS Global Positioning System 

HGM Hydrogeomorphic  

m Meter 

MAP Mean Annual Precipitation 

MPRDA Minerals and Petroleum Resources Development Act, Act 28 of 2002 

NEMA National Environmental Management Act 

NWA National Water Act 36 of 1998 

PSD Particle Size Distribution 

SACNASP South African Council for Natural Scientific Professions 

SAS Scientific Aquatic Services 

subWMA Sub-Water Management Area 

WMA Water Management Areas 

WULA Water Use Licence Application 
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1 INTRODUCTION 

Scientific Aquatic Services (SAS) was appointed by Exigo Sustainability (Pty) Ltd to provide a 

hydropedological assessment as part of the Water Use Licence Application process for the 

proposed co disposal facility at Glencore’s Thorncliffe mine in Limpopo.  

 

The Thorncliffe Mine is situated approximately 37km North east of Burgersfort and 28km north 

of Steelpoort in the Limpopo Province, within the Greater Tubatse Local Municipality, and the 

Greater Sekhukhune District Municipality, within the Limpopo Province. 

 Project Description 

Glencore have subsequently reviewed their mine waste disposal strategy and decided to 

replace the TSF with a WSF. The WSF will store a combined waste stream comprising filter-

pressed dried fine tailings, coarse tailings and waste rock material.  

 

The WSF will be located west of the plant between the existing waste rock stockpile and the 

mine’s property boundary. The proposed location for the WSF is shown on Figure 1. The 

layout and position of the WSF is confined by various existing constraints. Existing graves and 

a mine ventilation shaft constrain the position and layout of the WSF to the south. The mine 

property boundary runs along the western side of the WSF, while the north and eastern sides 

are constrained by the existing waste rock stockpiles. 

 

The WSF footprint area was previously undermined. Glencore undertook an assessment to 

verify the stability of the site taking into consideration the additional surcharge load that will 

be imposed by the WSF. It was concluded by them that the undermining is not a constraint 

for the positioning of the facility. 

 

The proposed activities will likely entail excavation activities which might intercept the 

subsurface flows in the vadose zone feeding the watercourses as well as affect vadose zone 

recharge mechanisms. Thus, it was deemed necessary to investigate the recharge 

mechanism of the watercourses within and in close proximity to the integrated water project 

to ensure that development planning takes cognisance of the hydropedologically important 

areas and hence enable informed decision making and construction design and sustainable 

development. 

 



SAS 219220 February 2020 

 

 
2 

A hydropedological survey and sampling activities were conducted in November 2019 to 

assess the hydropedological characteristics of the landscape and associated soils within the 

Thorncliffe Mine. A soil sampling exercise was undertaken at selected representative points, 

considering the various soil types, in order to deduce the watercourse recharge mechanisms 

and identify the anticipated hydropedological impacts of the proposed development on the 

watercourses that will be affected by the proposed activity. 
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Figure 1: The location of the focus area in relation to the surrounds, depicted on digital satellite imagery   
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Figure 2: The focus area depicted on a 1:50,000 topographic map. 
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Figure 3: Overview of the topographical setting associated with the proposed Waste Storage Facility (WSF)  
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 Objectives  

According to the proponent, the proposed facility will be placed within the extent of a 

delineated watercourse. The DWS indicated that a hydropedological assessment is required. 

 

Based on the above, the objective of this study is to: 

➢ Delineate the spatial extent of the identified soil forms; 

➢ Classify the hydrological hillslope using the Le Roux, et al. (2015) method; 

➢ Investigate the dominant watercourse recharge mechanisms; 

➢ Determine the impact significance of the activities on watercourse; and 

➢ Recommend suitable mitigation and management measures to alleviate the identified 

impacts on the watercourse hydropedological conditions.  

 Assumptions and Limitations 

Sampling by definition means that not all areas are assessed, and therefore some aspects of 

soil and hydropedological characteristics may have been overlooked in this assessment. 

However, it is the opinion of the professional study team that this assessment was carried out 

with sufficient sampling and in sufficient detail to enable the proponent, the Environmental 

Assessment Practitioner (EAP) and the regulating authorities to make an informed decision 

regarding the proposed activity. 

 

The effects climate change dynamics were not considered as part this assessment; however, 

it is acknowledged that this might exacerbate the anticipated reduction in water inputs and the 

resultant hydrological function of the remaining watercourses beyond the extent of the 

proposed development. 

 

A TLB was not used as part of this study. A hand auger was used, and deeper soils (greater 

than 1.5m) and bedrock profiles were inferred considering the terrain and soil profile sequence 

as well as professional experience within the Dwars River Valley Environment.  

2 ASSESSMENT METHODOLOGY 

A field assessment was undertaken in November 2019 to investigate the hydropedological 

properties of the soils in the vicinity of the investigated watercourses, to infer the recharge 

potential of the surrounding soils as best possible, based on their intrinsic pedological 

characteristics. Subsurface soil observations were made by means of a standard hand auger 

and investigation methods. 
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Field assessment data included description of physical soil properties including the following 

parameters, in order to characterise the various recharge mechanisms of the investigated 

watercourses: 

➢ Diagnostic soil horizon sequence; 

➢ Landscape position in relation to the investigated watercourses (recorded on GPS); 

and 

➢ Depth to saturation (water table), if encountered. 

 

Field assessment data was subsequently used to carry out the following assessments and 

investigation: 

➢ Verify the spatial extent of the identified soil forms using a GIS software programme;  

➢ Identify the potential impacts of the proposed development on the unsaturated flow 

processes, and implications to the functionality of the watercourses; 

➢ Compile a brief report on the conceptual hydropedological regime of the assessed 

watercourses based on the soil types within the integrated water project under current 

conditions; and 

➢ Recommend suitable mitigation and management measures to alleviate the identified 

impacts on the watercourse hydropedological conditions. 

Table 1: Average permeability for different soil textures in cm/hour Food and Agriculture 
Organization (FAO), 1980. 

Soil Texture Permeability (cm/hour) 

Sand 5 

Sandy loam 2.5 

Loam 1.3 

Clay loam 0.8 

Silty clay 0.25 

Clay 0.05 
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Table 2: Soil permeability classes for agriculture and conservation (Food and Agriculture 
Organization (FAO), 1980. 

Soil permeability classes 
Permeability rates*  

cm/hour  cm/day  

Very slow  Less than 0.13  Less than 3  

Slow  0.13 - 0.3  3 - 12 

Moderately slow  0.5 - 2.0  12 - 48 

Moderate  2.0 - 6.3  48 - 151  

Moderately rapid  6.3 - 12.7  151 - 305  

Rapid  12.7 - 25  305 - 600  

Very rapid  > 25  > 600  
*Saturated samples under a constant water head of 1.27 cm 

 

Table 3 : DWS range of hydraulic conductivities in different soil types (DWS Groundwater 

Dictionary, 2011). 

Soil Type Saturated Hydraulic Conductivity, Ks (cm/s) 

Gravel 3x10-2 – 3 

Coarse Sand 9x10-5 – 6x10-1 

Medium Sand 9x10-5 – 5x10-2 

Fine Sand 2x10-5 – 2x10-2 

Loamy Sand 4.1x10-3 

Sandy Loam 1.2x10-3 

Loam 2.9x10-4 

Silt, Loess 1x10-7 – 2x10-3 

Silt Loam 1.2x10-4 

Till 1x10-10 – 2x10-4 

Clay 1x10-9 – 4.7x10-7 

Sandy Clay Loam 3.6x10-4 

Silty Clay Loam 1.9x10-5 

Clay Loam 7.2x10-5 

Sandy Clay 3.3x10-5 

Silty Clay 5.6x10-6 

Unweathered marine clay 8x10-11 – 2x10-7 
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Figure 4: Soil texture classification chart (Food and Agriculture Organization (FAO), 1980. 

 

 

Figure 5: A diagram depicting soil wetness based on soil textural class (TerraGIS, 2007) 
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Figure 6: A diagram depicting the percentage volume of water in the soil by soil texture (Ratliff, 
et al, 1983). 

 

3 HYDROPEDOLOGICAL BEHAVIOUR OF SOIL TYPES 

Hydropedological behaviour of different soils can vary significantly, depending on the soil 

drainage patterns. The discussion below is largely based on the concept presented in Figure 

7 and Table 4 below.  

 

Responsive shallow soils ‘respond’ quickly to rain events and typically generate overland flow. 

These soils can be shallow and overlie relatively impermeable bedrock, with limited storage 

capacity which is quickly exceeded following a rain event. 

 

Grey colours in soils are mainly caused by prolonged saturation (hydroperiod), attributed to 

poor soil drainage due to high clay content or some other impediment. These soils drive 

freshwater resources on a more localised scale and the recharge path is generally completed 

over shorter periods (days to months depending on the transmissivity of the soils). Surface 

runoff occurs rapidly and leads to recharge of soils on a localised level after rainfall events.  

 

Figure 7 presents a conceptual diagram of the recharge mechanism of different soil types 

within the landscape and their influence on freshwater resources. 
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Figure 7: A typical conceptual presentation of hydrological flow paths on different 
hydropedological soil types- hillslope hydropedological behaviour. 

 

 Hydrological Soil Types 

The table below presents descriptions of the hydropedological soil types and how they 

contribute to watercourse recharge. 

Table 4: Hydrological soil types of the studied hillslopes (Le Roux, et al., 2015). 

Hydrological 
Soil Types 

Description Symbol 

Recharge 

Soils without any morphological indication of saturation. Vertical flow through and 
out the profile into the underlying bedrock is the dominant flow direction. These 
soils can either be shallow on fractured rock with limited contribution to 
evapotranspiration or deep, freely drained soils with significant contribution to 
ground water regime. 

 

Interflow (A/B) 

Duplex soils where the textural discontinuity facilitates accumulation of water in 
the topsoil. Duration of drainable water depends on the rate of 
evapotranspiration, position in the hillslope (lateral addition/release) and slope 
(discharge in a predominantly lateral direction). 

 

Interflow 
(Soil/Bedrock) 

Soils overlying relatively impermeable bedrock. Hydromorphic properties signify 
temporal build-up of water on the soil/bedrock interface and slow discharge in a 
predominantly lateral direction. 

 

Responsive 
(Shallow) 

Shallow soils overlying relatively impermeable bedrock. Limited storage capacity 
results in the generation of overland flow after rain events. 

 

Responsive 
(Saturated) 

Soils with morphological evidence of long periods of saturation. These soils are 
close to saturation during rainy seasons and promote the generation of overland 
flow due to saturation excess. 
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Hydrological 
Soil Types 

Description Symbol 

Stagnating 

In these soils outflow of water is limited or restricted. The A and/or B horizons 
are permeable but morphological indicators suggest that recharge and interflow 
are not dominant however no wetland response is observed. These include soils 
with carbonate accumulations in the subsoil, accumulation and cementation by 
silica and precipitation of iron as concretions and layer. The dominant 
hydrological flow path in the soil is upward, driven by evapotranspiration 

 

 

The flow paths from the crest of a slope to the valley bottom is assessed and classified. 

According to Le Roux, et al. (2015), the classification largely takes into account the flow drivers 

during a peak rainfall event and the associated flow paths of water through the soil. The 

hillslope classes are: 

➢ Class 1 – Interflow (Soil/Bedrock Interface); 

➢ Class 2 – Shallow responsive; 

➢ Class 3 – Recharge to groundwater (Not connected); 

➢ Class 4 – Recharge to watercourse; 

➢ Class 5 – Recharge to midslope; and 

➢ Class 6 – Quick interflow. 

4 SITE CONDITIONS 

During the site visit conducted in November 2019, the following observations were made:  

➢ The site occurs in a mountainous area where the dominant land uses include open 

space used to support wildlife/wilderness as well as mining; 

➢ The proposed co disposal facility is located within an area where the eastern portion 

has already been impacted by mining whilst the remaining areas are largely natural; 

➢ A watercourse traverses the central portion of the focus area; 

➢ Historical modifications of the watercourse have occurred which include diversions of 

portions of the watercourse, resulting in the significant alteration of the natural flow; 

and 

➢ The modifications in the landscape setting due to anthropogenic change within the 

catchment of the watercourse have resulted in the alteration of the hydrological 

processes. Several structures surrounding the wetland have also led significant 

compaction and alteration of subsurface flow through water interception by building 

foundations. 
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Figure 8: Conditions and landscape setting associated with the focus area 

 

5 ECOLOGICAL SIGNIFICANCE  

According to the freshwater assessment conducted by Scientific Aquatic Services (SAS, 

2020), a single watercourse, comprising two hydrogeomorphic (HGM) units, specifically an 

ephemeral river with a distinct riparian zone, and an Unchannelled valley bottom wetland, was 

identified within the Focus Area.  

 

According to SAS (2020), the HGM units have undergone varying degrees of modification. 

The ephemeral river HGM unit has undergone a greater degree of modification than the 

Unchannelled valley bottom wetland HGM unit. Although few impacts on the ephemeral river 

were observed, the PES category is largely attributed to the hydraulic disconnect of the 

headwaters (situated in the Focus Area) from the lower reach of the watercourse, due to the 

construction of the existing waste rock stockpile over the lower reach, prior to the system’s 

confluence with the Groot Dwars River (SAS, 2020). Thus, whilst the headwaters of the 

watercourse are considered of increased ecological integrity if viewed in isolation, this 

fragmentation of the habitat and hydraulic disconnect have had an impact on the overall 
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watercourse. However, due to this historical impact, the construction and subsequent 

operation of the proposed co-disposal facility will have localised impacts on the receiving 

freshwater environment and is not anticipated to have a significant impact on the downstream 

drainage network (i.e. the Groot Dwars River). The results of the freshwater assessment are 

summarised in Table 5 below. 

 

Table 5: Summary of results of the characterisation of the identified watercourses  

HGM Unit PES Ecoservices EIS REC / RMO / BAS 

Ephemeral river C Moderately Low Moderate C / C / C 

Unchannelled valley bottom A Moderately low Moderate A / A / A 

 

The ephemeral river HGM unit is considered ‘moderately modified’, owing to the historical 

impact attributable to the construction of the existing waste rock stockpile over the lower reach 

of the watercourse. Whereas the Unchannelled valley bottom wetland is considered ‘largely 

natural’ although some impacts to water quality and vegetation may have occurred 

subsequent to the construction and operation of the existing waste rock stockpile. 
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Figure 9: Locality and extent of the delineated watercourse within the focus and investigation areas 
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6 RESULTS AND DISCUSSION 

 Morphological and Hydraulic Properties of watercourses and 

Hydropedologically Important Soils Associated with the 

proposed project: 

The catena of the watercourse is dominated by a Vertic and Calcic topo sequence. Vertic soils 

are characterised by strongly developed structure, with high clay content and predominance 

of smectitic clay minerals that have the capacity to shrink and swell in response to moisture 

availability. Vertic soils generally have poor water permeability due to their inherently clayey, 

strongly developed structure. 

 

Calcic soils associated with the focus area can be classified as carbonate soil types, where 

the A horizon grades directly into a carbonate horizon e.g. Prieska. Carbonate-rich soils 

develop as a result of continuing accumulation of calcium carbonate over a long period of time. 

Calcic soils often have a thin, pale brown topsoil that has a well-developed crumb or granular 

structure. Figure 10 below presents the dominant soil forms associated with the focus area as 

identified during the hydropedological assessment. 
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Figure 10: Dominant soil forms associated with the focus area 
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 Recharge of the Watercourses 

The four primary recharge mechanisms include precipitation (rainfall), surface flow (runoff), 

subsurface flow (interflow) through the vadose zone of the surrounding soils, and groundwater 

discharge. Identified soils associated with the focus area have been grouped into 

hydropedological soil types and are discussed below in order to understand their contribution 

to watercourse. 

6.2.1 Responsive (Shallow) Soils 

These soils lead to a rapid runoff response time during intense rainfall events attributed to 

their clayey nature which inhibits infiltration. It must be noted that these soils have very limited 

subsurface flows, if any, however they are important for recharge of the watercourse during 

rainfall events by means of overland flow. Thus, only support watercourse during rainy 

seasons and particularly directly after rainfall events. 

 

Figure 11: A depiction of responsive shallow soils 

 

6.2.2 Interflow (Soil/Bedrock) soils 

Interflow soils discharge in a predominately lateral direction due to differences in the 

conductivity of horizons. The lateral flow occurs at the A/B horizon interface, due to the soft 

plinthic horizon restricting downward movement. The duration of the drainable water depends 

on rate of ET (evapotranspiration), position in the hillslope and slope. The interflow soils are 

characterised by inherently poor internal drainage due to the slowly permeable underlying soft 

plinthite horizon (Le Roux, et al., 2015). 
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Figure 12: A depiction of an interflow soil in the soil/bedrock interface 

 

6.2.3 Stagnating Soils 

In these soils outflow of water is limited or restricted. The A and/or B horizons are permeable 

but morphological indicators suggest that recharge and interflow are not dominant. These 

include soils with carbonate accumulations in the subsoil, accumulation and cementation by 

silica and precipitation of iron as concretions and layers. These soils are frequently observed 

in climate regions with a very high evapotranspiration demand. Although infiltration occurs 

readily, the dominant hydrological flow path in the soil is upward, driven by evapotranspiration 

(Van Toll and Le Roux, 2015). 

  

Figure 13: A depiction of stagnating soils associated with the focus area 

 

Table 6 presents the grouping of the hydropedological soil types, whilst Table 7 presents their 

characteristics. Figure 14 depicts the locality of the identified hydropedological soil types 

associated with the integrated water project. 
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Table 6: Hydrological grouping of soils associated with the integrated water project according 
to Van Toll and Le Roux (2016). 

Interflow (A/B) Responsive (Shallow) Stagnating 

Westleigh Arcadia Immerpan 

 Alluvial Prieska 

 Mispah  

 

Table 7: List of soil forms associated with the focus area and their contribution to watercourse 
recharge. 

Recharge 
Mechanism 

Soil Forms Description 

Responsive 
(shallow) 

Arcadia  

The soils are characterised by Vertic A horizon material 
underlined by hard rock or lithic material. The Vertic A horizon 
has high clay content which inhibits vertical movement of water 
and promotes surface flow once cracks have filled with water. 

Alluvial 

The combination of relatively impermeable bedrock and shallow 
soil depth implies that these soils have a low storage capacity. 
They will saturate quickly following a rain event and contribute 
mostly to overland flow. 

Interflow 
(A/B) 

Westleigh 
 

The horizons are indicative that the underlying bedrock is slowly 
permeable and periodic saturation in the rainy season is likely, 
which may lead to lateral flow. The drainage may be restricted 
by plinthic layer. 

Stagnating 
Immerpan, Witbank and 

Prieska 

In these soils outflow of water is limited or restricted. The A 
and/or B horizons are permeable but morphological indicators 
suggest that recharge and interflow are not dominant. These 
include soils with carbonate accumulations in the subsoil, 
accumulation and cementation by silica and precipitation of iron 
as concretions and layers. These soils are frequently observed 
in climate regions with a very high evapotranspiration demand. 
Although infiltration occurs readily, the dominant hydrological 
flow path in the soil is upward, driven by evapotranspiration (Van 
Toll and Le Roux, 2015). 
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Figure 14: Hydropedological soil types associated with the watercourse
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 Hydro-pedological Implications 

The focus area is dominated by responsive shallow soils, stagnating soils as well as recharge 

soils which are characterised by absence of any morphological indication of saturation. 

Shallow responsive soils are characterised by limited storage capacity which results in the 

generation of overland flow after rain events. These soils lead to a rapid runoff response time 

during intense rainfall events attributed to their shallow nature which inhibits infiltration. The 

contribution of these soils to watercourse recharge is significant during a rainfall event and 

minimal during drier seasons.  

 

Stagnating soils have limited subsurface contribution to the surrounding watercourse. The 

outflow of water is limited or restricted even though the A and/or B horizons are permeable, 

however morphological indicators suggest that recharge and interflow are not dominant. The 

dominant water outflow on these soils is through evapotranspiration. 

 

From a hydropedological perspective, limited impact is foreseen for the watercourse 

associated with the proposed co disposal facility since the development is largely located on 

responsive shallow and stagnating soils. Furthermore, because the system is in essence 

disconnected from the Dwars River and other surrounding watercourses, any 

hydropedological loss is insignificant. Direct impact will however be significant since the 

development will be located directly within the watercourse. 

 

6.3.1 Scientific Buffer Consideration Using Hydropedological Principles 

In line with the latest thinking of the DWS it was deemed important to determine an appropriate 

buffer to ensure that appropriate consideration of the hydropedological drivers associated with 

the proposed development area is given in support of the principles of Integrated 

Environmental Management (IEM) and sustainable development.  

 

Due to the dominance of stagnating and responsive shallow soils in the vicinity of the proposed 

development, the need for a buffer from a hydropedological perspective is not applicable. 

However, it is the opinion of the specialist that the proponent must engage with the DWS as 

the custodians of South Africa’s water resources, in order to ensure that the appropriate buffer 

(taking into consideration other specialist studies) as well as other management measures are 

afforded in line with sustainable development.. the findings of the hydrology and groundwater 

studies should be strongly considered since the dominant watercourse recharge mechanisms 
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are overland flow and groundwater and thus recommendations on managing these water 

sources in the context of the local landscape is considered important. 

7 IMPACT ASSESSMENT 

This section presents the significance of potential impacts on the watercourse associated with 

the proposed co disposal facility. In addition, it also indicates the required mitigatory measures 

needed to minimise the potential impacts of the proposed development and presents an 

assessment of the significance of the impacts taking into consideration the available mitigatory 

measures and assuming that they are fully implemented. 

 

The mitigation measures provided in this report have been developed with the mitigation 

hierarchy in mind, and the implementation and strict adherence to these measures will assist 

in minimising the significance of impacts on the receiving freshwater environment. A summary 

of the impact assessment is provided in the Table 8 below. 
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Table 8: A summary table of the impact assessment of the watercourse associated with the proposed development from hydropedological perspective  
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Construction Phase 

2 
Construction of 
the Co disposal 
Facility. 

*Loss of catchment yield resulting from 
reduction of surface area (since the Co disposal 
Facility will become a dirty area); 
*Increased flood peaks as a result of 
formalisation and concentration of surface 
runoff in clean water diversion structures; 
*Exposure of soils, leading to increased runoff, 
loss of soil through erosion and stream incision, 
and subsequent loss of wetland recharge soils; 
*Soil compaction and crusting, leading to 
increased runoff and reduced infiltration rate 
and subsequent reduction subsurface flows in 
the vadose zone; and 
*Impacts on the hillslope processes supporting 
the watercourse downstream. 
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Decommissioning & Closure Phase 

5 
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8 CONCLUSIONS AND RECOMMENDATIONS 

Based on the findings of this study in terms of the dominant hydropedological soil types, the 

focus area is dominated by responsive shallow soils, stagnating soils as well as recharge soils 

which are characterised by absence of any morphological indication of saturation. Shallow 

responsive soils are characterised by limited storage capacity which results in the generation 

of overland flow after rain events. These soils lead to a rapid runoff response time during 

intense rainfall events attributed to their shallow nature which inhibits infiltration. The 

contribution of these soils to watercourse recharge is significant during a rainfall event and 

minimal during drier seasons.  

 

Stagnating soils have limited subsurface contribution to the surrounding watercourse. The 

outflow of water is limited or restricted even though the A and/or B horizons are permeable, 

however morphological indicators suggest that recharge and interflow are not dominant. The 

dominant water outflow on these soils is through evapotranspiration. 

 

From a hydropedological perspective, limited impact is foreseen for the watercourse 

associated with the proposed co disposal facility since the development is largely located on 

responsive shallow and stagnating soils. Since the system is in essence disconnected from 

the Dwars River and other surrounding watercourses, any hydropedological loss is 

insignificant. Direct impact will however be significant since the development will be located 

directly within the watercourse. 

 

Based on the outcomes of this assessment, the following is recommended: 

➢ All development footprint areas to remain as small as possible and disturbance of 

soil to be limited to what is absolutely essential while still optimising the use of the 

already disturbed area; 

➢ Maintain upstream and downstream connectivity as far practically possible to 

sustain catchment water balance while preventing contamination of the water; 

➢ Consider capturing water from upgradient of the proposed co disposal facility 

through the clean water systems, around the co disposal facility and recharge the 

downstream systems within the catchment;  

➢ Runoff captured in clean water systems should be returned back into the adjacent 

watercourse systems in an attenuated manner; and 

➢ Clean and dirty water separation systems must not be decommissioned, in order 

to prevent cumulative impacts on the downgradient system. 
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The significance of the impact can be further reduced to very low significance, if the above 

mitigatory measures are implemented. Considering the findings of this study, this project is 

considered acceptable from a hydropedological point of view however the proponent must 

engage with the DWS as the custodians of South Africa’s water resources, in order to ensure 

that appropriate management measures are afforded in line with sustainable development. 

Attention should also be paid to the mitigation measures presented in both this study and the 

freshwater impact assessment to reduce impact on the receiving environment. 
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APPENDIX A: DETAILS, EXPERTISE AND CURRICULUM VITAE 
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1. (a) (i) Details of the specialist who prepared the report 

Stephen van Staden MSc (Environmental Management) (University of Johannesburg) 

Braveman Mzila  BSc (Hons) Hydrology University of KwaZulu-Natal 

1. (a). (ii) The expertise of that specialist to compile a specialist report including a curriculum 
vitae 
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Name / Contact person: Stephen van Staden 

Postal address: 29 Arterial Road West, Oriel, Bedfordview 

Postal code: 2007 Cell: 083 415 2356 

Telephone: 011 616 7893 Fax: 011 615 6240/ 086 724 3132 

E-mail: stephen@sasenvgroup.co.za 

Qualifications 

MSc (Environmental Management) (University of Johannesburg) 
BSc (Hons) Zoology (Aquatic Ecology) (University of Johannesburg) 
BSc (Zoology, Geography and Environmental Management) (University of 
Johannesburg)  

Registration / Associations 

Registered Professional Scientist at South African Council for Natural Scientific 
Professions (SACNASP)   
Accredited River Health practitioner by the South African River Health Program (RHP) 
Member of the South African Soil Surveyors Association (SASSO) 
Member of the Gauteng Wetland Forum 

 

1. (b) a declaration that the specialist is independent in a form as may be specified by the 
competent authority 

I, Stephen van Staden, declare that - 

• I act as the independent specialist in this application; 

• I will perform the work relating to the application in an objective manner, even if this results in 
views and findings that are not favourable to the applicant; 

• I declare that there are no circumstances that may compromise my objectivity in performing 
such work; 

• I have expertise in conducting the specialist report relevant to this application, including 
knowledge of the relevant legislation and any guidelines that have relevance to the proposed 
activity; 

• I will comply with the applicable legislation; 

• I have not, and will not engage in, conflicting interests in the undertaking of the activity; 

• I undertake to  disclose to the applicant and the competent authority all material information in 
my possession that reasonably has or may have the potential of influencing - any decision to 
be taken with respect to the application by the competent authority; and -  the objectivity of any 
report, plan or document to be prepared by myself for submission to the competent authority; 

• All the particulars furnished by me in this form are true and correct 

  

--------------------------------------------------------------------------- 
Signature of the Specialist 
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PROJECT EXPERIENCE (Over 2500 projects executed with varying degrees of involvement) 
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