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 INTRODUCTION 

The Biodiversity Company was commissioned by Cabanga Environmental to conduct a 

hydropedology assessment for the proposed underground board and pillar coal mine on 

portions 6, 8, 15, 16, 17, 18, 19 and 20 of the farm Schurvekop 227 IS (hereafter the 

Schurvekop Mine study area) near Bethal, Mpumalanga.  

The total area of the Schurvekop Mine study area is 697 ha (Figure 1). The Schurvekop Mine 

study area is currently zoned for agricultural use, and consists of a mosaic of maize fields, 

natural grassland and wetlands and is therefore regarded as a greenfields site.  

 

Figure 1: Spatial context of the Schurvekop Mine study area within Mpumalanga 

Hydropedology is the study of the soil vadose zone and the movement of water through a 

landscape at the hillslope level. By understanding these processes, we can link the surface 

water, wetland, and groundwater interactions. 

1.1 Scope of Work 

It is understood that the following will be required for the assessment: 

• An understanding of whether the wetlands will be impacted upon and by how much; 

• The linkages between the wetlands, the groundwater and the vadose zone; and 

• The effectiveness of the current proposed buffer zones in light of the hydropedological 

assessment. 
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1.2 Objectives 

To compile the report, the following objectives were considered: 

• Conduct a desktop assessment of the project area; 

• Complete a site visit to understand the various flow paths both at surface and below 

surface;  

• Identify, characterise, and delineate the local hydropedological systems; 

• Consolidate the findings from the desktop assessment and the field assessments; and 

• Report on the various flow drivers, how they function, and how they will be affected. 

 LIMITATIONS 

The following aspects were considered as limitations; 

• The study has been supplemented by supporting wetland studies and geohydrological 

information which are considered to be true and accurate; 

• Details pertaining to potential subsidence and safety factors needs to be considered 

for the update of the report; 

• The GPS used for wetland delineations is accurate to within five meters. Therefore, 

the wetland delineation plotted digitally may be offset by at least five meters to either 

side; and 

• The limited timeframe to conduct the survey may result in small inaccuracies. 

 METHODOLOGY 

Hydropedology provides an interactive understanding to the pedologic and hydrologic 

processes and the respective properties in the Critical Zone (Figure 2). 

 

Figure 2: Concepts of the Critical Zone, regolith, weathering profile, soil profile, and 
solum (modified from Schaetzl and Anderson, 2005), adopted from (Lin, 2010). 
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Hydropedology aims to address two fundamental questions (Lin, 2012):  

1. How do soil architecture and the associated distribution of soils over the landscape 

exert a first-order control on hydrologic processes (and related biogeochemical 

dynamics and ecological functions)?  

2. How do hydrologic processes (and the associated transport of energy and mass) 

influence soil genesis, evolution, variability, and function across space and time?  

According to Lin (2012) the successful management and use of land, and also effective point 

scaling from point observations to landscape processes is an in situ understanding of flow and 

transport processes in natural soils. The focus of pedology has shifted from classification and 

inventory, to now understanding and quantifying variable processes upon which the water 

cycle and ecosystems depend (Lin et al., 2005, 2006b). 

3.1 Hydrological Soil Types 

Soils have been grouped into various hydrological response units in order to classify them into 

a hydropedological category as shown in Table 1. 

Table 1: Hydrological soil types of the studied hillslopes (Le Roux, et al., 2015). 

Hydrological 

Soil Type 

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 evapotranspiration. 

 

Interflow (A/B) Duplex soils where the textural discontinuity facilitates build 

up of water in the topsoil. Duration of drainable water 

depends on rate of ET, 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 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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3.2 Hydrological Hillslope Classes 

The classification system is based on the perceptual hydrological behaviour of hillslopes (and 

flats) and the soils that are formed on them. The flow paths from the crest of a slope to the 

valley bottom is assessed and classified. The classification takes predominantly into account 

the flow drivers during a peak rain event and the associated flow path of water through the 

hillslope (Le Roux, et al., 2015). 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 wetland; 

• Class 5 – Recharge to midslope; and 

• Class 6 – Quick interflow. 

The hillslope classes are represented as 2-dimensional block diagrams with the left side 

indicating the crest position, and the right side indicating the valley bottom. The soils are 

indicated as various shades or colours as they would occur in the hillslope catena. Arrows 

indicate the dominant hydrological flowpaths and the size of the arrow indicating the relative 

dominance as shown in Table 2. 

Table 2: an example of the hydrological hillslope classes and how they are represented 
(Le Roux, et al., 2015). 

Hydrological response diagram 
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3.3 Desktop assessment 

The following information sources were considered for the desktop assessment; 

• Aerial imagery (Google Earth Pro); 

• Land Type Data (Land Type Survey Staff, 1972 - 2006) 

• The National Freshwater Ecosystem Priority Areas (Nel, et al., 2011); 

• Contour data (5m); 

• Wetland Assessment for the proposed Schurvekop mine in Bethal (The Biodiversity 

Company; February 2017). 

 BUFFER ZONE 

A buffer zone is defined as “A strip of land with a use, function or zoning specifically designed 

to protect one area of land against impacts from another.” 

Buffer zones have been shown to protect water resource in a variety of ways, such as; 

• Maintenance of basic aquatic processes; 

• The reduction of impacts on water resources from activities and adjoining land uses; 

• The provision of habitat for aquatic and semi-aquatic species; 

• The provision of habitat for terrestrial species; and 

• The provision of societal benefits. 

The “Preliminary Guideline for the Determination of Buffer Zones for Rivers, Wetlands and 

Estuaries” (Macfarlane et al., 2014) was used to determine the appropriate buffer zone for the 

proposed activity.  

LEGEND 

      Recharge soils  

      Grey fractured rock 

       Responsive soils;  

Arrows are the predominant flow 

direction of water 
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 RESULTS & DISCUSSIONS 

5.1 Desktop Background Findings 

5.1.1 Geology & Soils 

The geology of the area is Shale, sandstone, clay and conglomerate of the Ecca Group, Karoo 

Sequence; dolerite; occasional felsitic lava of the Rooiberg Group, Transvaal Sequence. 

According to the land type database (Land Type Survey Staff, 1972 - 2006) the development 

falls within the Bb4 land type. It is expected that, the dominant soils in the crest and midslope 

positions will be soils of the Avalon and Hutton forms. The soils that dominated the footslopes 

and the valley bottoms are Katspruit, Eskourt, and Rensburg soil forms. 

5.1.2 Catchment Area 

A Digital Elevation Model (DEM) was created and a drainage analyses completed to identify 

the possible drainage channels for the project area. The results are shown in Figure 3. These 

drainage lines correlate well with the wetland delineations done previously. 

 

5.1.3 National Freshwater Ecosystem Priority Area (NFEPA) Status 

The National Freshwater Ecosystem Priority Areas (NFEPA) database forms part of a 

comprehensive approach to the sustainable and equitable development of South Africa’s 

scarce water resources. This database provides guidance on how many rivers, wetlands and 

estuaries, and which ones, should remain in a natural or near-natural condition to support the 

water resource protection goals of the NWA (Nel, et al., 2011).  

Figure 3: The predicted drainage areas for the Schurvekop Mine mineral boundary area. 
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Four (4) FEPA wetlands were identified within the study area. The FEPA wetlands in the are 

presented in Figure 4. The FEPA sites within the study area are listed in Table 3.  

The seepage, floodplain and flat FEPA wetlands were classified were rated to be DEF systems 

(Riverine, associated with a D, E, F, or Z ecological category river) and are ranked as 6. The 

depression wetlands were classified were rated to be a C system (25-75% Natural Land 

Cover) and was ranked as 6. 

The NFEPA wetland information is a course data set and must be ground truthed. 

During the field survey and the Google Earth historical imagery desktop assessment, it has 

been decided that the FEPA wetlands were depressions, floodplains and the flat wetlands 

included in the seepage zone. These wetlands are described in the subsequent sections. 

Table 3: NFEPA description for the FEPA sites near the proposed development. 

FEPA 

Wetland 

Classification Levels 

Wetland 

Vegetatio

n Class 

Natural / 

Artificial 

Wetland 

Condition 

Wetland 

Rank L1 

(System) 

L2 

(Ecoregion) 

L3 

Landscape 

Position 

L4 HGM 

Classification 

Hillslope 

seepage 

wetland 

Inland 

System 
Highveld 

Slope Seep 

Mesic 

Highveld 

Grassland 

Group 4 

Natural 

DEF (Riverine, 

associated with a 

D, E, F, or Z 

ecological 

category river) 

6 

Depression Bench Depression 

C -25-75% 

Natural Land 

Cover 

Floodplain Valley Floor Floodplain 

DEF (Riverine, 

associated with a 

D, E, F, or Z 

ecological 

category river 

Flat Bench Flat 

DEF (Riverine, 

associated with a 

D, E, F, or Z 

ecological 

category river 

 



Hydropedology Assessment 
 
Schurvekop Mine 

www.thebiodiversitycompany.com 

info@thebiodiversitycompany.com 

8 

 

Figure 4: The NFEPA wetlands associated with the Schurvekop project. 

5.1.4 Mpumalanga Highveld Wetlands 

This layer codes Mpumalanga Highveld Wetlands (SANBI, 2014). The delineations were 

based on tracking wetlands on Spot 5 imagery within the Mpumalanga Highveld boundary 

supported by google earth, 1:50 000 contour lines, 1:50 000 river lines, exigent data, NFEPA 

wetlands. This focusses on updating previously mapped wetlands in three major steps which 

are desktop digitizing, field groundtruthing and mapped data reviewing.  

The identified Mpumalanga Highveld wetlands Floodplain wetland, Seepage zones and 

Depression wetland. The wetlands are presented in Figure 5. 
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Figure 5: The Mpumalanga Highveld wetlands associated with the Schurvekop project. 

  



Hydropedology Assessment 
 
Schurvekop Mine 

www.thebiodiversitycompany.com 

info@thebiodiversitycompany.com 

10 

5.1.5 Topographic Wetness 

A National Aeronautics and Space Administration (NASA) Shuttle Radar Topography Mission 

(SRTM) Digital Elevation Model (DEM) was obtained from the United States Geological 

Survey (USGS) Earth Explorer website. Basic terrain analysis was performed on this DEM 

using the SAGA GIS software that encompassed a slope and channel network analyses in 

order to detect potential areas of wetness.  

The Topographical Wetness Index (TWI) as shown in Figure 6, gives us an idea of areas that 

could possibly be wetlands. The results show that the drainage lines are clearly wet areas 

(Figure 3) with many smaller pockets of possible wetness. The TWI also indicates the relatively 

“flat” landscape associated with the project area. 

 

 

 

 

 

 

 

 

 

  

Figure 6: The topographical wetness index for the Schurvekop Mine mining site. 
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5.1.6 Wetlands Report 

The survey included assessing all the wetland indicators as well as assessing the Present 

Ecological Score (PES) or health of the wetland, the wetland’s ability to provide goods and 

services (eco-services) and the Ecological Importance and Sensitivity (EIS) of the wetlands. 

Four (4) HGM units were identified within the project boundary, namely; 

• Floodplain (HGM 1); 

• Seepage (HGM 2); 

• Flat (HGM 3); and 

• Depression (HGM 4). 

 

Figure 7: The wetland delineation based on the detailed soils/hydropedology survey. 

 

The PES results are described in the sections below. 

 

 

 

 

HGM 1, 2 & 3 had an overall intermediate level of service with the following showing 

moderately high levels of services; 

PES Classification 

HGM 1 C: Moderately Modified 

HGM 2 C: Moderately Modified 

HGM 3 C: Moderately Modified 

HGM 4 B: Largely Natural 
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• Flood attenuation; and 

• Erosion control. 

• Phosphate/Nitrate/Toxicant assimilation;  

• Erosion control; and 

• Sediment trapping. 

HGM 4 had a moderately low level of service. The remaining services for the HGM units were 

scored as intermediate or lower. 

All the HGM units in the Schurvekop study area showed Moderate (C) levels of importance for 

the EIS as well as for the hydrological importance. The direct human benefits were rated to 

be Low with a (D) rating. 

The recommended buffer zone was determined to be 22 m during the construction phase and 

70 m during the operational phase. The largest buffer zone of 70 m is applied for all the phases 

to ensure wetland protection.  

5.1.7 Groundwater Report 

Two aquifers occur in the area. These two aquifers are associated with 1) the upper weathered 

material, and 2) the underlying competent and fractured rock material. The upper aquifer is 

the area of concern for the hydropedological assessment only. 

The upper aquifer forms due to the vertical infiltration of recharging rainfall through the 

weathered material being retarded by the lower permeability of the underlying competent rock 

material. Groundwater collecting above the weather / unweathered material contact migrates 

down gradient along the contact to lower lying areas. 

Aquifer thickness data was available from the monitoring borehole drilling results. The 

recorded data shows that the upper aquifer range in thickness between <1 and 9 m, with an 

average thickness of approximately 4.3 m. The maximum value of 9 m is not an absolute value 

for the entire study area. Deeper weathering can occur in areas where there is faulting or 

fracturing. 

The groundwater quality in undisturbed areas is good due to the dynamic recharge from 

rainfall. This aquifer is, however, more likely to be affected by contaminant sources situated 

on surface. 

The maximum drawdown in the groundwater level from pre-mining levels in the upper 

weathered aquifer is negligible and calculated at less than 1 m due to the slight disconnect 

that exist between the fractured rock aquifer within which the mining is located, and the 

weathered material aquifer. The zone of influence of the groundwater level drawdown in the 

weathered material aquifer is calculated to be less than 100 m. This impact is considered to 

be minor. 

 

 



Hydropedology Assessment 
 
Schurvekop Mine 

www.thebiodiversitycompany.com 

info@thebiodiversitycompany.com 

13 

5.2 Field Assessment 

The hydropedology survey was conducted in March 2017. The survey was conducted to 

understand the soils present at the site as well as the hillslope hydrology which drive the 

wetlands in the area.  

The survey was conducted at a detailed level with survey points on a 150m grid around the 

infrastructure and 300m grid on underground portions. The purpose of the maps is to indicate 

the hydrological hillslope classes in order to illustrate the dominant flow paths from the crest 

of a slope to the valley bottom. 

The survey was conducted using a transect method, with the crest being the starting point and 

the valley bottom the end. 

It was decided that three (3) hillslope transects would cover the proposed mining areas. These 

are discussed in subsequent sections in more detail. 

5.2.1 Soils & Hydrological Hillslope Classes 

The soils of the area are derived from the geological features present. Sedimentary rock 

features dominate the geology, such as shale, sandstone, and mudstone.  

The dominant soil forms within the project area all show signs of moisture. And are 

hydrologically functional as interflow soils. Water moves vertically through the upper profile 

and then either moves laterally (Longlands) or stays in situ to created redox conditions 

(Tukulu/Sepane). The signs of moisture vary from within 20cm to as deep as 100cm. the 

wetland delineation is concerned with moisture within 50cm of surface only. The interflow 

portions indicate that the entire area is hydrologically linked but the depth of moisture varies. 

The project area slopes to the north with the pan to the west being fed by these soils. The 

stream in the east is also to a lesser degree fed by these interflow soils. The clay content 

increases as you move down the profile as well as down slope. 
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Figure 8: The soils distribution in the Schurvekop Mine mineral boundary. 

The hydrological soil classes are shown in Figure 9 along with the selected transects. 

Transects A, B, and C are all illustrative of the proposed mining at Schurvekop  

The dominant flow path in these transects are as shown in Table 4.  The wetlands are fed 

largely by these interflow portions and they are crucial to the wetlands health. The wetlands 

at Schurvekop will lose some interflow contributions. 
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Figure 9: The hydrological soil types and the selected transects within the Schurvekop 
Mine 
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Table 4: Hydrological hillslope classification and dominant flow paths for the various 
transects at Schurvekop Mine 

Hydrological response diagram 

 

 

 

 

5.3 Buffer Zone Determination 

The wetland buffer zone tool was used to calculate the appropriate buffer required for the 

construction and operation of the mine at Schurvekop and has taken into account the 

hydropedological findings. A key consideration for the determination of a buffer zone is the 

proposed horizontal adit, which will include some additional surface infrastructure. 

The model shows that the largest risk posed by the adit during the construction phase is that 

of “increased sediment inputs and turbidity”. During the operational phase the largest risk is 

associated with the inputs of toxic heavy metal contaminants. Additionally, risks of flow 

patterns being altered (increase flood peaks/ reduced water availability) are high. The risk 

posed in the possible inputs of sediment, altered acidity and salts are also high.  

However, the specialist has determined that due to the shallow nature of recharge to the 

wetlands, that the alteration of flow volumes to the wetland is at a high risk as well. 

LEGEND 

      Yellow – Interflow (Soil/Bedrock)  

      Grey -  Sandstone rock 

      Green - Responsive soils 

Arrows are the predominant flow 

direction of water 
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A buffer zone was suggested of 70m for the proposed project aspects, this buffer is calculated 

assuming mitigation measures are applied. According to the buffer guideline (Macfarlane, et 

al., 2015) a high-risk activity would require a buffer that is 95% effective to reduce the risk of 

the impact to a low-level threat. 

The hydropedological assessment has found that the depression (Pans) are fed by interflow 

soils especially the pan wetlands. A buffer of 70m is required with water at the inflow points of 

the disturbed areas being diverted back into the seepage areas. A rehabilitation and wetlands 

specialist must be consulted on the best way to protect the water flow back to the wetland 

systems. 

There is a concern regarding the possible dewatering of the mine through the existing 

boreholes which might dewater the upper aquifer. additional groundwater modelling would 

need to be conducted to model this impact.  

Post closure contamination is also a concern which could affect water quality in the wetland 

areas. 

Table 5: The risk results from the wetland buffer model for the proposed Schurvekop 
Mine. 

 

Model buffer requirement (m) 70 

Desktop Threat 

Rating

Specialist Threat 

Rating

L L

L L

VH VH

VL VL

M M

L L

VL VL

L L

L L

VL VL

H H

H H

H H

L L

L L

VH VH

H H

H H

M M

VL VL

5.  Inputs of toxic organic contaminants 

6.  Inputs of toxic heavy metal contaminants

7.  Alteration of acidity (pH) 

8.  Increased inputs of salts (salinization) 

9.  Change (elevation) of water temperature

10.  Pathogen inputs (i.e. disease-causing organisms)

3.  Increase in sediment inputs & turbidity
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1.  Alteration to flow volumes 

2.  Alteration of patterns of flows (increased flood peaks)
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3.  Increase in sediment inputs & turbidity
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9.  Change (elevation) of water temperature

10.  Pathogen inputs (i.e. disease-causing organisms)
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1.  Alteration to flow volumes 

6.  Inputs of toxic heavy metal contaminants

2.  Alteration of patterns of flows (increased flood peaks)
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 CONCLUSIONS 

A wetland study was completed previously for the proposed mining areas and the results were 

incorporated into the hydropedological report. 

The hydropedology survey was conducted in March 2017. The survey was conducted to 

understand the soils present at the site as well as the hillslope hydrology which drive the 

wetlands in the area. A key consideration for the study is the proposed horizontal adit, which 

will include some additional surface infrastructure. 

The survey was conducted at a detailed level on a soils grid. The survey was conducted using 

a transect method, with the crest being the starting point and the valley bottom the end. 

It was decided that three (3) hillslope transects would cover the proposed mining areas.  

The soils of the area are derived from the geological features present. Sedimentary rock 

features dominate the geology, such as shale, sandstone, and mudstone.  

The dominant soil forms within the project area all show signs of moisture. And are 

hydrologically functional as interflow soils. Water moves vertically through the upper profile 

and then either moves laterally (Longlands) or stays in situ to created redox conditions 

(Tukulu/Sepane). The signs of moisture vary from within 20cm to as deep as 100cm. the 

wetland delineation is concerned with moisture within 50cm of surface only. The interflow 

portions indicate that the entire area is hydrologically linked but the depth of moisture varies. 

The project area slopes to the north with the pan to the west being fed by these soils. The 

stream in the east is also to a lesser degree fed by these interflow soils. The clay content 

increases as you move down the profile as well as down slope. 

The wetlands are fed largely by these interflow portions and they are crucial to the wetlands 

health. 

A buffer zone was suggested of 70m for the proposed project aspects, this buffer is calculated 

assuming wetland and soil study mitigation measures are applied. 

The hydropedological assessment has found that the depression (Pans) are fed by interflow 

soils. A buffer of 70m is required with water at the inflow points of the disturbed areas being 

diverted back into the seepage areas. A rehabilitation and wetlands specialist must be 

consulted on the best way to protect the water flow back to the wetland systems. 

The maximum drawdown in the groundwater level from pre-mining levels in the upper 

weathered aquifer is negligible and calculated at less than 1 m due to the slight disconnect 

that exist between the fractured rock aquifer within which the mining is located, and the 

weathered material aquifer. The zone of influence of the groundwater level drawdown in the 

weathered material aquifer is calculated to be less than 100 m. This impact is considered to 

be minor.  

There is a concern regarding the possible dewatering of the mine through the existing 

boreholes which might dewater the upper aquifer. Additional groundwater modelling would 

need to be conducted to model this impact.  

Post closure contamination is also a concern which could affect water quality in the wetland 

areas. 
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In addition, bi-annually inspections of wetlands should be conducted by a wetland specialist 

with annual reporting to be submitted to the Department of Water Affairs and Sanitation. 
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