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1 Introduction 

The Biodiversity Company (TBC) was commissioned to conduct a hydropedological impact 

assessment associated for a proposed new adit and road infrastructure project for the 

Aviemore mining operation near Dundee in KwaZulu-Natal. The hydropedological 

assessment has been completed in association with Digital Soils Africa (Pty) Ltd (DSA). The 

proposed infrastructure is presented in Figure 1.. 

 

Figure 1: The proposed Aviemore mining infrastructure 

1.1 Hydropedology: linking soil morphology with hydrological processes 

Hydropedology is the relatively new, interdisciplinary research field which focuses on the 

interactive relationship between soils and water (Figure 2). Soil physical properties, such as 

the hydraulic conductivity and porosity, have an important impact on the occurrence and 

rates of hydrological processes. In turn, hydrological processes play an important role on the 

formation of soil morphological properties such as colour, mottles, macropores and 

carbonate accumulations. Accurate mapping and the interpretation of these soil 

morphological properties can thus be used to conceptualise and characterise hydrological 

processes including water flowpaths, storage mechanisms and the connectivity between 

different flowpaths. Most of these hydrological mechanisms and processes are very difficult 

to observe (let alone measure!) in the field because they are dynamic in nature with strong 

temporal and spatial variation. Nevertheless, soil morphological properties are not dynamic 

in nature and their spatial variation is not random – making soil properties the ideal vehicle 

for predicting and conceptualising hydrological processes. One of the major contributions of 
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hydropedology is the ability to conceptualise hydrological processes spatially i.e. not only 1-

D mechanisms, but a more holistic understanding of the hydrological functioning of 

landscapes (catchments or hillslopes).   

Hydropedological information is used in process based landscape water resource 

management. This includes, for example: 

• configuration and parameterisation of distributed hydrological models; 

• effective wetland delineation, protection and rehabilitation; 

• understanding and controlling the fate of pollution in the subsurface; 

• determining the impact of land use change (e.g. open pit mining) on water resources 

and 

• characterising groundwater/surface-water interactions, including the important 

mechanism of low-flow generation. 

In general, hydropedological information assists with effective water resource management, 

as required by the National Water Act (1998), through improved understanding and 

characterisation of hydrological processes.  

 

  

Figure 2: Hydropedology and some of the applications of hydropedological surveys. 

1.2 Hydropedology of soil types 

The hydropedological behaviour of different soils can differ significantly. For example in 

Figure 3a, the red colours of the top and subsoils of are typically associated with freely 

drained soils. Vertical flow into, through and out of the profile are the dominant hydrological 

pathway. These soils are termed recharge soils, as they are likely to recharge groundwater, 

or lower lying positions in the regolith, via the bedrock. 
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In the second example (Figure 3b), lateral flow is likely to be dominant. These soils are 

termed interflow soils. Lateral flow occurs due to differences in the conductivity of horizons. 

In Figure 2b the ‘sp’ is restricting downward movement and lateral flow occurs at the A/B 

horizon interface. The lighter colour of the ‘gs’ horizon is further support that lateral flow 

dominates. Lateral flow frequently occurs on soil/bedrock interfaces due to the permeability 

of the rock. Mottles (red, yellow and grey colours) in the ‘sp’ horizon (magnified in Figure 3b-

i) is the result of a fluctuating water table.   

In Figure 3c the grey colours of the ‘gh’ horizon and the dark colours of the topsoil horizon 

are indications that this profile is saturated for long periods of time. Because these soils are 

close to saturation, especially during peak rainy seasons, additional rainfall is unlikely to 

infiltrate the soils but will flow as overland flow (or surface runoff) downslope. These soils are 

termed responsive soils due to their rapid response to rain events. The same type of 

response can be expected on very shallow soils i.e. a small amount of rain can saturate the 

soil and additional rain will drain away as overland flow.  

 

 

Figure 3: Different hydropedological soil types a) recharge soil, b) interflow soil and c) 
responsive soil. 

1.3 Hydropedology of hillslopes 

For effective water resource management it is important to gain a holistic understanding of 

hydrological processes. Figure 4 presents a typical example of the hydropedological 

response of a hillslope. In the recharge zone, the dominant flow direction is vertical through 

the soil and into the fractured rock, from where it can recharge groundwater levels or 
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downslope positions in the hillslope soils. Lateral flow at the A/B horizon interface or 

soil/bedrock interface dominate in the interflow zone. The responsive zone is fed by lateral 

flowing water from the interflow zone as well as via the bedrock from the recharge zone.  

 

Figure 4: Typical example of hydrological flowpaths on different hydropedological soil 
types- hillslope hydropedological behaviour. 

Although Figure 4 represents an oversimplification of a fraction of the complex hydrological 

cycle, the application of this information can make important contributions to effective 

management. Four scenarios are presented to support this statement. 

1. Pollution: The fate of pollution will differ depending whether it was spilled on 

recharge, interflow or responsive soils. A spill on recharge soils is likely to end up in 

the groundwater or might arrive in the stream several months after the spill via flow 

through the fractured rock. Pollutants spilled on interflow zones will migrate 

downslope through the soil. Because this downslope migration will be in contact with 

the soil, and hence abundance of micro-organisms. It is possible that it may be 

transformed into non-toxic forms (depending on the pollutant). If a pollutant is spilled 

on the responsive zone it may travel quickly and unaltered to streams and other 

surface water bodies. 

2. Conserving wetlands: Hydropedological information can aid in identifying the 

sources of water in order to preserve wetlands. If the recharge zone is the major 

source of water to the wetland i.e. the recharge zone is the hydrological driver of the 

wetland, care should be taken to restrict surface sealing (paving) of the recharge 

zone. If the wetland’s water comes from an interflow zone, care should be taken to 

prevent obstruction of subsurface lateral flowpaths.  

3. Hydrological modelling: Hydropedological information can assist in the correct 

configuration of distributed hydrological models. In many landscapes different 

landscape elements (or Hydrological Response Units – HRU’s) are not connected in 

a simple cascading downslope way to one another. There might be areas which are 

disconnected from the stream or groundwater stores. In addition, deep infiltration 

from recharge soils at the crest of a hillslope, may re-appear as lateral flow water 
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further down the slope. Hydropedological information can thus be used to ensure 

that the model configuration properly reflects the hydrological processes. This can 

be critical in simulating low flows, where vegetation may have access to near-

surface water and thus limit contributions to streamflow.  

4. Land-use change: Hydropedological information can support the understanding of 

the impact of land-use change on water resources. If, for example, the interflow zone 

is urbanised it may result in a build-up of water against foundations and the 

generation of return flow to the surface and overland flow which may cause erosion. 

Open pit mining close to responsive zones are likely to result in a draw-down of 

water levels and drying of wetlands. If such an open-pit intersects lateral flowpaths it 

will break the connectivity of flowpaths and cut the source of water to wetlands. 

Although the impact of land-use change cannot always be avoided, hydropedological 

information might aid in managing and protecting the hydrologic drivers of the 

ecosystem and thereby minimise negative impacts.  

1.4 Hydropedological surveys 

A hydropedological survey (in the context discussed above) is different from a conventional 

soil survey in the following aspects: 

• Observation depth: the depth of observation in a conventional survey is 1.5 m, 

whereas the observation depth for the hydropedological survey is the depth to the 

soil bedrock interface. 

• Classification: conventional soil surveys aim to classify soils in accordance with a 

specific classification system. In hydropedological surveys all morphological 

properties and all soil horizons are described, recorded and interpreted, with 

particular emphasis on the ambient and connected soil water environment. This 

include saprolitic (weathering rock) horizons and horizons which are not necessarily 

included in the hierarchy of the classification system. 

• Observation density: Conventional soil surveys aim to capture the distribution of 

different soils in a particular landscape. Hydropedological surveys focus on the 

hydrological response of dominant hillslopes/transects. 

Important to note is that hydropedological surveys cannot be used as a surrogate for 

mapping the agricultural potential (as required during most EIA’s) of an area. Conventional 

soil surveys (or other existing soil information) can also not always be used to infer the 

hydropedological response of an area, due to the differences between conventional and 

hydropedological surveys highlighted above.  

Hydropedological surveys do not replace detailed soil physical or hydrometric 

measurements but rather serves as a vehicle to identify representative sites for such 

measurements and to extrapolate these measurements to larger areas. Hydropedological 

surveys are also not a surrogate for hydrological modelling, but can contribute to the 

efficiency and accuracy of modelling exercises. Hydropedological surveys and the 

interpretation and application of hydropedological information can be a cost -and time 

effective approach to conceptualise and characterise hydrological behaviour of landscapes.    

2 Description of the project area 

The project is approximately 9km north of Dundee, KwaZulu-Natal. The location of the 

proposed project is presented below (Figure 5). 
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Figure 5: Location of the Aviemore mining operation 

 

3 Methodology 

3.1 Desktop Assessment 

As a first methodological step, land type information was obtained for the various sites (Land 

Type Survey Staff, 1972 – 2002) (Figure 6). A land type is an area with similar climate, 

geology and soil distribution patterns and therefore gives a good spatial representation of 

homogenous areas.  
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Figure 6: Land types covering the Aviemore project area 

Secondly, a desktop study was conducted to identify dominant, representative hillslopes for 

the various sites. The identification of representative hillslopes is important to determine the 

location of field observations. Representative hillslopes were manually identified from a 

Digital Elevation Model of the site (Figure 7). These hillslopes represent typical topography 

(slope, planform - and profile curvature) of the site. The hillslopes may stretch beyond the 

site boundaries to the stream or crest.  

3.2 Fieldwork 

A site visit was conducted on the 16th of November 2017. The representative slopes 

identified during the desktop phase were used to guide the location of the transect surveys. 

The location of these transects were however altered in the field depending on factors such 

as accessibility and uniformity or heterogeneity of the landscape. 

A total of 28 soil observations were made during the hydropedological survey. The 

observation depth was up to refusal and all features related to the hydromorphology were 

recorded (see section 1.4). The soils were first classified in accordance with the South 

African soil classification (Soil Classification Working Group, 1991) and were then regrouped 

into hydropedological soil types in accordance with van Tol et al. (2013) (Table 1). 
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Figure 7: Topography and location of soil observations made during the site visit.  

Table 1: Regrouping of soil forms into hydropedological soil types 

Soil forms  
(Soil Classification Working Group, 1991) 

Hydropedological soil type  
(van Tol et al., 2013) 

Wasbank; Kroonstad; Longlands Interflow (A/B) 

Glencoe; Sepane Interflow (soil/bedrock) 

Shortlands; Bonheim; Valsrivier Recharge (deep) 

Glenrosa Recharge (shallow) 

Willowbrook; Katspruit; Rensburg Responsive (wet) 

The hydropedological soil type distribution pattern and the relative coverage of various soil 

types on representative hillslopes were used to conceptualise the hydrological behaviour of 

the site. A conceptual model depicting the dominant flowpaths was constructed and was the 

basis for discussing the potential impact of the planned mining on the hydropedological 

behaviour.  

3.3 Impact Assessment 

The impact significance rating system is presented in Table 2 and involves three parts:  

Part A: Define impact consequence using the three primary impact characteristics of 

magnitude, spatial scale/ population and duration;  

Part B: Use the matrix to determine a rating for impact consequence based on the 

definitions identified in Part A; and  

Part C: Use the matrix to determine the impact significance rating, which is a function of the 

impact consequence rating (from Part B) and the probability of occurrence.  
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Table 2: Significance Rating Methodology 

PART A: DEFINING CONSEQUENCE IN TERMS OF MAGNITUDE, DURATION AND SPATIAL 

SCALE Use these definitions to define the consequence in Part B  

Impact 

characteristics  
Definition  Criteria  

MAGNITUDE  

Major -  

Substantial deterioration or harm to receptors; 

receiving environment has an inherent value to 

stakeholders; receptors of impact are of conservation 

importance; or identified threshold often exceeded  

Moderate -  

Moderate/measurable deterioration or harm to 

receptors; receiving environment moderately 

sensitive; or identified threshold occasionally 

exceeded  

Minor -  

Minor deterioration (nuisance or minor deterioration) 

or harm to receptors; change to receiving 

environment not measurable; or identified threshold 

never exceeded  

Minor +  
Minor improvement; change not measurable; or 

threshold never exceeded  

Moderate +  
Moderate improvement; within or better than the 

threshold; or no observed reaction  

Major +  
Substantial improvement; within or better than the 

threshold; or favourable publicity  

SPATIAL SCALE 

OR POPULATION 

Site or local  
Site specific or confined to the immediate project 

area  

Regional  
May be defined in various ways, e.g. cadastral, 

catchment, topographic  

National/ 

International  
Nationally or beyond  

DURATION 

Short term  Up to 18 months.  

Medium term  18 months to 5 years  

Long term  Longer than 5 years  

PART B: DETERMINING CONSEQUENCE RATING  

Rate consequence based on definition of magnitude, spatial extent and duration  

 

SPATIAL SCALE/ POPULATION  

Site or 

Local  
Regional  

National/ 

internation

al  

MAGNITUDE  

Minor DURATION 

Long term  Medium  Medium  High  

Medium term  Low  Low  Medium  

Short term  Low  Low  Medium  

Moderate  DURATION  

Long term  Medium  High  High  

Medium term  Medium  Medium  High  

Short term  Low  Medium  Medium  

Major  DURATION  

Long term  High  High  High  

Medium term  Medium  Medium  High  

Short term  Medium  Medium  High  

PART C: DETERMINING SIGNIFICANCE RATING  
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Rate significance based on consequence and probability  

 
CONSEQUENCE  

Low  Medium  High  

PROBABILITY (of exposure 

to impacts)  

Definite  Medium  Medium  High  

Possible  Low  Medium  High  

Unlikely  Low  Low  Medium  

 

4 Results and Discussion 

4.1 Topography and surface hydrology 

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

Mission (SRTM) (V3.0, 1 arcsec resolution) 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 catchment areas and potential 

drainage lines respectively. A 3-dimensional (3-D) representation and flow accumulation for 

the project are presented in Figure 8 and Figure 9 respectively. 

 

Figure 8: A 3D representation and surface flow direction for the project area 
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Figure 9: The flow accumulation for the project area 

4.2 Hydropedological soil types 

According to the land type information, shallow soils (Mispah and Glenrosa) and exposed 

rock occupies the majority of land types Fa243 and Fa36 as well as the upper slopes of 

Ib243. The geology is mainly sandstone and shales from the Vryheid and Volksrust 

formations with dolerite (Land Type Survey Staff, 1972 – 2006). 

The hydropedological survey showed that the soil distribution patterns are however more 

complex (Figure 10). Interflow (A/B) soils are found on the crest position (Longlands soil 

forms - Figure 11a). Recharge (shallow) soils (mainly Glenrosa - Figure 11b) occur together 

with Responsive (wet) (Willowbrook and Rensburg - Figure 11c&d) soils on the upper mid-

slope positions. Interflow (soil/bedrock) occurs on footslope positions (Figure 11e) and 

responsive (wet) soils of the Katspruit and Rensburg form in the valley bottom.    
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Figure 10: Land types and location of hydropedological soil types of the Aviemore 
project area 

 

Figure 11: Selected soil observations on the Aviemore project area a) interflow (A/B) 

represented by Longlands form; b) recharge (shallow) represented by Glenrosa form; 

c&d) responsive (wet) represented by Rensburg and Willowbrook forms and e) 
interflow (soil/bedrock) soil represented by Sepane form.  
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4.3 Hillslope hydropedological behaviour 

The hydropedological behaviour of the dominant hillslopes are presented in Figure 12. The 

hydrological processes are discussed in relation to the numbered arrows in Figure 12: 

1) Near surface lateral flow is dominant on the crest positions as indicated by the 

presence of interflow (A/B) soils. Lateral flow in these soils occurs due to the build-up 

of water on relatively impermeable bedrock. 

2) Doleritic rock outcrops occur in a terracing pattern on midslope positions. Although 

these outcrops are marked by large fractures in the bedrock the fractures disappear 

with depth and promote return flow at lower lying terrain positions.  

3) Responsive (wet) soils occur below the rock outcrops; predominantly fed by return 

flow from the shallow bedrock flowpaths described in 2). The gleyic horizons indicate 

long periods of saturation. The soils in these terrain positions are clayey and 

significant lateral flow are therefore not possible. These soils contribute mainly to 

evapotranspiration. 

4) The sandstone shelve occurring on the footslope restricts infiltration into the bedrock 

and promotes the generation of lateral flow at the soil/bedrock interface (the lateral 

contribution of upslope land segments and the impermeability of the sandstone also 

contributes to the susceptibility of this part of the hillslope to gully erosion – see 

Figure 1).  

5) Lateral flow generated in 4) accumulates in the valley bottom position resulting in 

long periods of saturation. These responsive (wet) soils are likely to generate 

overlandflow due to saturation excess. 

6) Although the plinthic and gleyic layers, occurring all over the site, are good indicators 

of relatively impermeable bedrock, some infiltration into the slowly permeable 

bedrock might occur. These sub-dominant bedrock flowpaths are likely to contribute 

to lateral flows in 4). 

 

Figure 12: Hillslope hydropedological behaviour of the Aviemore project area 
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4.4 Potential impact of underground mining on the Aviemore project area 

The potential impact of underground mining on the Aviemore is presented in Figure 13. The 

underground mining activities are unlikely to have a significant effect on the hydrological 

behaviour of this site. Because of the relative impermeability of the bedrock, infiltration into 

fractures are only sub-dominant. The contribution of bedrock flowpaths to valley bottom 

wetlands and streams are therefore expected to be minimal.  

Since flowpaths on these slopes are generally not hydrologically connected, the adit and 

associated infrastructure will also not have significant impacts on the hydrological regime of 

the hillslopes and downslope water resources (wetlands and streams). Care must however 

be taken to avoid accumulation of surface water below the entrance. The interflow soils 

below on the footlslope are prone to erosion and excessive overlandflow can lead to 

significant degradation. The significance ratings of the impact are presented in (Table 3).    

 

Figure 13: Potential impact of underground mining (and adit) on the hydrological 
behaviour of the Aviemore project area 

 

Table 3: Description of the impact and significance rating of the Aviemore project area 

Magnitude Spatial scale Duration Consequence 

rating 

Probability Significance 

rating 

Minor -  Local/site Long term Medium Possible Low 

4.5 Potential impact of road network expansion on the Aviemore project area 

The expansion of the road network will predominantly occur on the interflow soils of 

footlslope positions. Since flowpaths between the upper and lower parts of these hillslopes 

are not hydrologically connected the expansion of the road network is unlikely to impact the 

hydrological regime of this landscape significantly (Figure 14). On the footlslope, where 

lateral flow occurs on the soil/bedrock interface, care must be taken to avoid excessive build-

up of water against the new roads. Regular placement of drainage channels, especially in 

concave planform curvature positions can avoid this. The soils of the footslope of both 
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Option A and B is susceptible to erosion. Regular visual monitoring of the formation of new 

gullies and the extent of existing gullies should be done to avoid further degradation of these 

landscape positions. If gully expansion is observed, appropriate reclamation measures (e.g. 

building of gabion structures or leveling of gully walls), should be conducted to stabilize 

gullies and avoid further degradation. The significant rating of the anticipated impact is 

presented in Table 4. 

Figure 14: Potential impact of underground mining on the hydrological behaviour of 

the Aviemore project area 

 

Table 4: Description of the impact and significance rating of road network expansion 
on the Aviemore project area 

Magnitude Spatial scale Duration Consequence 

rating 

Probability Significance 

rating 

Minor -  Local/site Long term Medium Possible Low 

 

4.6 Conclusions and recommendations  

The site has a relatively complex hydropedological behaviour. The contribution of bedrock 

flowpaths to the hydropedological behaviour is however minimal and underground mining 

will not alter water regimes of the landscape significantly. Care must however be taken to 

ensure that the impact of access points (adit) and other infrastructure (road network) are 

limited. This latter is especially important on the relatively impermeable sandstone layer of 

the footslopes, which is susceptible to gully erosion. The environmental management plan 

should consider regular monitoring of water quality in streams downslope of the anticipated 

impact as well as visual monitoring of the extent of erosion gullies.     
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4.6.1 Best option 

Based on the hydropedology survey, the significance of the impact of this development on 

either Option A or B on the hydropedological behaviour will be low. We would however 

recommend that Option A is selected for the following reasons: 

1) The soils on the footslope below Option A are already degraded to some extent. The 

proposed project will therefore not result in degradation of undegraded land. With an 

appropriate management plan, some of these degraded area might even be 

reclaimed. 

2) The road network for Option A will be shorter than that of Option B, and the potential 

for further degradation therefore less. 

3) Option B is upstream of Option A, the cumulative impact of Option A will therefore be 

less that of Option B.  
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