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HYDROPEDOLOGY WETLAND DELINEATION AND AGRICULTURE IMPACT AND 
MANAGEMENT REPORT: TANGANANI DEVELOPMENT, FARM DIEPSLOOT 388 JR, 
GAUTENG PROVINCE 
 

1. INTRODUCTION 

 

1.1 TERMS OF REFERENCE 

 

Terra Soil Science was appointed by Bigen Africa Services (Pty) Ltd to conduct a hydropedology 

based assessment of the proposed Tanganani development on the Farm Diepsloot 388 JR in the 

Gauteng Province. The focus of the investigation is to address aspects that include wetland 

distribution and functioning, landscape hydropedology and impacts on development and 

agricultural potential. 

 

1.2 AIM OF THIS REPORT 

 

The aim of this report is to provide a perspective on the distribution and functioning of the wetlands 

on the Tanganani site, provide a description of the hydropedology of the site and to provide a 

perspective on the agricultural potential of the soils on the site. In conclusion the aim of this report 

is to provide dedicated recommendations regarding the management of the soils on the site in 

terms of the above aspects as well as the management and mitigation of erosion. This is to be 

done in the context of the broader problems and challenges faced on the Halfway House Granite 

Dome (HHGD) in terms of wetland impacts of current and future land uses. 

 

1.3 DISCLAIMER 

 

This report was generated under the regulations of NEMA (National Environmental Management 

Act) that guides the appointment of specialists. The essence of the regulations are 1) 

independence, 2) specialisation and 3) duty to the regulator. The independent specialist has, in 

accordance with the regulations, a duty to the competent authority to disclose all matters related to 

the specific investigation should he be requested to do such (refer to declaration above). 

 

It is accepted that this report can be submitted for peer review (as the regulations also allow for 

such). However, the intention of this report is not to function as one of several attempts by 

applicants to obtain favourable delineation outcomes. Rather, the report is aimed at addressing 

specific site conditions in the context of current legislation, guidelines and best practice with the 

ultimate aim of ensuring the conservation and adequate management of the water resource on the 

specific site. 

 

Due to the specific legal liabilities wetland specialists face when conducting wetland delineations 

and assessments this author reserves the right to, in the event that this report becomes part of a 

delineation comparison exercise between specialists, submit the report to the competent 

authorities, without entering into protracted correspondence with the client, as an independent 

report. 
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1.4 METHODOLOGY 

 

The report was generated through: 

1. The collection and presentation of baseline land type and topographic data for the site; 

2. The thorough consideration of the statutory context of wetlands and the process of wetland 

delineation as well as agricultural potential; 

3. The identification of water related landscape parameters (conceptual and real) for the site; 

4. Aerial photograph interpretation of the site; 

5. Assessment of historical impacts and changes on the site through the accessing of various 

historical aerial photographs and topographic maps; 

6. Focused soil and site survey in terms of soil properties as well as drainage feature 

properties; and  

7. Presentation of the findings of the various components of the investigation. 

 

2. SITE LOCALITY AND DESCRIPTION 

 

2.1 SURVEY AREA BOUNDARY 

 

The site lies between 25 55’ 04’’ and 25 56’ 35’’ south and 28 01’ 08’’ and 28 02’ 20’’ east 

immediately east of Diepesloot in the Gauteng Province (Figure 1). 

 

2.2 LAND TYPE DATA 

 

Land type data for the site was obtained from the Institute for Soil Climate and Water (ISCW) of the 

Agricultural Research Council (ARC). The land type data is presented at a scale of 1:250 000 and 

entails the division of land into land types, typical terrain cross sections for the land type and the 

presentation of dominant soil types for each of the identified terrain units (in the cross section). The 

soil data is classified according to the Binomial System (MacVicar et al., 1977). The soil data was 

interpreted and re-classified according to the Taxonomic System (Soil Classification Working 

Group, 1991). 

 

The site falls into the Bb1 and Bb2 land types (Land Type Survey Staff, 1972 - 2006) with Figure 2 

providing the land type distribution for the site. The Bb1 and Bb2 land types are restricted to the 

Halfway House Granite Dome with the typical bleached sandy soils (details provided later in the 

report). 

 

2.3 TOPOGRAPHY 

 

The topography of the site and catchment is undulating with incised and often eroded stream 

channels especially in the lower reaches of drainage features. The contour map for the site is 

provided in Figure 3. From the contour data a digital elevation model (DEM) (Figure 4) and slope 

map (Figure 5) were generated. 

 



 3 

 
Figure 1 Locality of the survey site 

 

 

Survey Site 
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Figure 2 Land type map of the survey site and surrounding area 

 

 



 5 

 
Figure 3 Contours of the survey area superimposed on an aerial photograph 
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Figure 4 DEM of the survey site 
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Figure 5 Slope map of the survey site 

 

 

2.4. AERIAL PHOTOGRAPH INTERPRETATION 

 

An aerial photograph interpretation exercise was conducted through the use of Google Earth 

images and historical aerial photographs of the site. This data was used to obtain an indication of 

the extent of the wetlands on the site as well as infrastructure development on the site and in the 

catchment. 
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3. PROBLEM STATEMENT 

 

The Halfway House Granite Dome (HHGD) is particularly problematic regarding the expression of 

morphological signs of wetness in soils as well as erodibility of soils in hydrologically altered 

environments. This investigation will focus on the delineation of the wetland features based on soil 

hydromorphy and landscape hydrology as well as address the causes and results of erosion 

through a dedicated assessment and elucidation of pedohydrological processes experienced in the 

catchment and on the site. 

 

4. STATUTORY CONTEXT 

 

4.1 WETLAND DEFINITION 

 

Wetlands are defined, in terms of the National Water Act (Act no 36 of 1998) (NWA), as: 

 

“Land which is transitional between terrestrial and aquatic systems where the water table is usually 

at or near the surface, or the land is periodically covered with shallow water, and which land in 

normal circumstances supports or would support vegetation typically adapted to life in saturated 

soil.” 

 

4.2 WATERCOURSE DEFINITION 

 

“Catchment” is defined, in terms of the National Water Act (Act no 36 of 1998) (NWA), as: 

 

“…, in relation to a watercourse or watercourses or part of a watercourse, means the area from 

which any rainfall will drain into the watercourse or watercourses or part of a watercourse, 

through surface flow to a common point or common points;” 

 

“Watercourse” is defined, in terms of the National Water Act (Act no 36 of 1998) (NWA), as: 

 

“(a) a river or spring; 

(b) a natural channel in which water flows regularly or intermittently; 

(c) a wetland, lake or dam into which, or from which, water flows; and  

(d) any collection of water which the Minister may, by notice in the Gazette, declare to be a 

water course, 

and a reference to a watercourse includes, where relevant, its bed and banks;” 

 

4.3 THE WETLAND DELINEATION GUIDELINES 

 

In 2005 the Department of Water Affairs and Forestry published a manual entitled “A practical field 

procedure for identification and delineation of wetland and riparian areas” (DWAF, 2005). The 

“…manual describes field indicators and methods for determining whether an area is a wetland or 

riparian area, and for finding its boundaries.” The definition of a wetland in the guidelines is that of 

the NWA and it states that wetlands must have one or more of the following attributes: 

 

 “Wetland (hydromorphic) soils that display characteristics resulting from prolonged 

saturation” 
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 “The presence, at least occasionally, of water loving plants (hydrophytes)” 

 “A high water table that results in saturation at or near the surface, leading to anaerobic 

conditions developing in the top 50cm of the soil.” 

 

The guidelines further list four indicators to be used for the finding of the outer edge of a wetland. 

These are: 

 

 Terrain Unit Indicator. The terrain unit indicator does not only identify valley bottom 

wetlands but also wetlands on steep and mild slopes in crest, midslope and footslope 

positions. 

 Soil Form Indicator. A number of soil forms (as defined by MacVicar et al., 1991) are listed 

as indicative of permanent, seasonal and temporary wetland zones. 

 Soil Wetness Indicator. Certain soil colours and mottles are indicated as colours of wet 

soils. The guidelines stipulate that this is the primary indicator for wetland soils. (Refer to 

the guidelines for a detailed description of the colour indicators.) In essence, the reduction 

and removal of Fe in the form of “bleaching” and the accumulation of Fe in the form of 

mottles are the two main criteria for the identification of soils that are periodically or 

permanently wet. 

 Vegetation Indicator. This is a key component of the definition of a wetland in the NWA. It 

often happens though that vegetation is disturbed and the guidelines therefore place 

greater emphasis on the soil form and soil wetness indicators as these are more permanent 

whereas vegetation communities are dynamic and react rapidly to external factors such as 

climate and human activities. 

 

The main emphasis of the guidelines is therefore the use soils (soil form and wetness) as the 

criteria for the delineation of wetlands. The applicability of these guidelines in the context of the 

survey site will be discussed in further detail later in the report. 

 

Due to numerous problems with the delineation of wetlands there are a plethora of courses being 

presented to teach wetland practitioners and laymen the required techniques. Most of the courses 

and practitioners focus on ecological or vegetation characteristics of landscapes and soil 

characteristics are often interpreted incorrectly due to a lacking soil science background of these 

practitioners. As such this author regularly presents, in conjunction with a colleague (Prof. Cornie 

van Huysteen) from the University of the Free Sate, a course on the aspects related to soil 

classification and wetland delineation. 

 

4.4 THE RESOURCE DIRECTED MEASURES FOR PROTECTION OF WATER RESOURCES. 

 

The following are specific quotes from the “Resource Directed Measures for Protection of Water 

Resources.  Volume 4: Wetland Ecosystems” as published by DWAF (1999). 

 

From the Introduction: 

 

“This set of documents on Resource Directed Measures (RDM) for protection of water resources, 

issued in September 1999 in Version 1.0,  presents the procedures to be followed in undertaking 

preliminary determinations of the class, Reserve and resource quality objectives for water 
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resources, as specified in sections 14 and 17 of the South African National Water Act (Act 36 of 

1998). 

 

The development of procedures to determine RDM was initiated by the Department of Water 

Affairs and Forestry in July 1997.  Phase 3 of this project will end in March 2000.  Additional 

refinement and development of the procedures, and development of the full water resource 

classification system, will continue in Phase 4, until such time as the detailed procedures and full 

classification system are ready for publication in the Government Gazette. 

 

It should be noted that until the final RDM procedures are published in the Gazette, and prescribed 

according to section 12 of the National Water Act, all determinations of RDM, whether at the rapid, 

the intermediate or the comprehensive level, will be considered to be preliminary determinations.” 

 

From Appendix W1 (Ecoregional Typing for Wetland Ecosystems) 

 

Artificial modifiers are explained namely: 

“Many wetlands are man-made, while others have been modified from a natural state to some 

degree by the activities of humans. Since the nature of these alterations often greatly 

influences the character of such habitats, the inclusion of modifying terms to accommodate 

human influence is important. In addition, many human modifications, such as dam walls and 

drainage ditches, are visible in aerial photographs and can be easily mapped. The following 

Artificial Modifiers are defined and can be used singly or in combination wherever they apply to 

wetlands: 

Farmed: the soil surface has been physically altered for crop production, but hydrophytes will 

become reestablished if farming is discontinued 

Artificial: substrates placed by humans, using either natural materials such as dredge spoils or 

synthetic materials such as concrete. Jetties and breakwaters are examples of Non-vegetated 

Artificial habitats 

Excavated: habitat lies within an excavated basin or channel  

Diked/Impounded: created or modified by an artificial barrier which obstructs the inflow or 

outflow of water 

Partially Drained: the water level has been artificially lowered, usually by means of ditches, but 

the area is still classified as wetland because soil moisture is sufficient to support hydrophytes.“ 

 

4.5 HIGH POTENTIAL AGRICULTURAL LAND 

 

4.5.1 CONSERVATION OF AGRICULTURAL RESOURCES ACT (ACT 43 OF 1983) 

 

Although the mandating of conservation of agricultural resources in the form of high potential soils 

is done under the Conservation of Agricultural Resources Act (CARA – Act 43 of 1983) the act 

does not provide a succinct description of what is considered a high potential agricultural soil. 
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4.5.2 CONCEPTUALISATION OF HIGH POTENTIAL SOILS 

 

The concept of high potential agricultural soils entails soils that are suited to high yielding 

(biomass, vegetative or financial, or all) production in varying forms. In areas where climatic 

considerations dominate (as would be the case in the Western Cape with respect to climatic 

suitability for wine grape even in poor soils) soils have few limitations. However, in areas where 

climatic considerations do not dominate soil properties play the most important role in the potential 

for crop production. The assessment of agricultural potential then rests primarily on the 

identification of soils that are suited to crop production and that have many of the following 

properties: 

 

 Deep profile (more than 600 mm) for adequate root development, 

 Deep profile and adequate clay content for the storing of sufficient water so that 

plants can weather short dry spells, 

 Adequate structure (loose enough and not dense) that allows for good root 

development, 

 Sufficient clay or organic matter to ensure retention and supply of plant nutrients, 

 Limited quantities of rock in the matrix that would otherwise limit tilling options and 

water holding capacity, 

 Adequate distribution of soils and size of high potential soil area to constitute a 

viable economic management unit, and 

 Good enough internal and external (out of profile) drainage if irrigation practices are 

considered. Drainage is imperative for the removal (leaching) of salts that 

accumulate in profiles during irrigation and fertilization. 

 

In addition to soil characteristics, climatic characteristics need to be assessed to determine the 

agricultural potential of a site. The rainfall characteristics are of primary importance and in order to 

provide an adequate baseline for the viable production of crops rainfall quantities and distribution 

need to be sufficient and optimal.  

 

In the case where crop production is not possible due to soil or climatic constraints aspects such 

as grazing potential and carrying capacity is considered. Grazing capacity is mainly determined by 

vegetation characteristics of a site and would therefore have to be deduced from vegetation reports 

(that do address carrying capacity) or from dedicated discussions with farmers and land users. The 

combination of the above mentioned factors will be used to assess the agricultural potential of the 

soils on the site. 
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5 CHALLENGES REGARDING WETLAND DELINEATION ON THE HALFWAY HOUSE 

GRANITE DOME 

 

 
 

In order to discuss the procedures followed and the results of the wetland identification exercise it 

is necessary at the outset to provide some theoretical background on soil forming processes, soil 

wetness indicators, water movement in soils and topographical sequences of soil forms (catena). 

 

5.1 PEDOGENESIS 

 

Pedogenesis is the process of soil formation. Soil formation is a function of five (5) factors namely 

(Jenny, 1941(: 

 Parent material; 

 Climate; 

 Topography; 

 Living Organisms; and 

 Time. 

 

These factors interact to lead to a range of different soil forming processes that ultimately 

determine the specific soil formed in a specific location. Central to all soil forming processes is 

water and all the reactions (physical and chemical) associated with it. The physical processes 

include water movement onto, into, through and out of a soil unit. The movement can be vertically 

downwards, lateral or vertically upwards through capillary forces and evapotranspiration. The 

chemical processes are numerous and include dissolution, precipitation (of salts or other elements) 

and alteration through pH and reduction and oxidation (redox) changes. In many cases the 

reactions are promoted through the presence of organic material that is broken down through 

aerobic or anaerobic respiration by microorganisms. Both these processes alter the redox 

conditions of the soil and influence the oxidation state of elements such as Fe and Mn. Under 

reducing conditions Fe and Mn are reduced and become more mobile in the soil environment. 

Oxidizing conditions, in turn, lead to the precipitation of Fe and Mn and therefore lead to their 

immobilization. The dynamics of Fe and Mn in soil, their zones of depletion through mobilization 

and accumulation through precipitation, play an important role in the identification of the dominant 

water regime of a soil and could therefore be used to identify wetlands and wetland conditions. 

 

5.2 WATER MOVEMENT IN THE SOIL PROFILE  

 

In a specific soil profile, water can move upwards (through capillary movement), horizontally (owing 

to matric suction) and downwards under the influence of gravity. 

 

The following needs to be highlighted in order to discuss water movement in soil: 

 Capillary rise refers to the process where water rises from a deeper lying section of the soil 

profile to the soil surface or to a section closer to the soil surface. Soil pores can be 

Disclaimer: The following section represents a discussion that I use as standard in describing 

the challenges regarding wetland delineation and management in the Halfway House Granite 

Dome (HHGD) area. This implies that the section is verbatim the same as in other reports 

provided to clients and the authorities. Copyright is strictly reserved. 
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regarded as miniature tubes. Water rises into these tubes owing to the adhesion 

(adsorption) of water molecules onto solid mineral surfaces and the surface tension of 

water.    

 

The height of the rise is inversely proportional to the radius of the soil pore and the density 

of the liquid (water). It is also directly proportional to the liquid’s surface tension and the 

degree of its adhesive attraction. In a soil-water system the following simplified equation 

can be used to calculate this rise: 

 

Height = 0.15/radius 

 

Usually the eventual height of rise is greater in fine textured soil, but the rate of flow may 

be slower (Brady and Weil, 1999; Hillel, 1983). 

 

 Matric potential or suction refers to the attraction of water to solid surfaces. Matric potential 

is operational in unsaturated soil above the water table while pressure potential refers to 

water in saturated soil or below the water table. Matric potential is always expressed as a 

negative value and pressure potential as a positive value.  

 

Matric potential influences soil moisture retention and soil water movement. Differences in 

the matric potential of adjoining zones of a soil results in the movement of water from the 

moist zone (high state of energy) to the dry zone (low state of energy) or from large pores 

to small pores. 

 

The maximum amount of water that a soil profile can hold before leaching occurs is called 

the field capacity of the soil. At a point of water saturation, a soil exhibits an energy state of 

0 J.kg-1. Field capacity usually falls within a range of -15 to -30 J.kg-1 with fine textured soils 

storing larger amounts of water (Brady and Weil, 1999; Hillel, 1983). 

 

 Gravity acts on water in the soil profile in the same way as it acts on any other body; it 

attracts towards earth’s centre. The gravitational potential of soil water can be expressed 

as: 

Gravitational potential = Gravity x Height 

 

Following heavy rainfall, gravity plays an important part in the removal of excess water 

from the upper horizons of the soil profile and recharging groundwater sources below.  

 

Excess water, or water subject to leaching, is the amount of water that falls between soil 

saturation (0 J.kg-1) or oversaturation (> 0 J.kg-1), in the case of heavy rainfall resulting in a 

pressure potential, and field capacity (-15 to -30 J.kg-1). This amount of water differs 

according to soil type, structure and texture (Brady and Weil, 1999; Hillel, 1983). 

 

 Under some conditions, at least part of the soil profile may be saturated with water, 

resulting in so-called saturated flow of water. The lower portions of poorly drained soils are 

often saturated, as are well-drained soils above stratified (layers differing in soil texture) or 

impermeable layers after rainfall. 
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The quantity of water that flows through a saturated column of soil can be calculated using 

Darcy’s law: 

Q = Ksat.A.ΔP/L 

 

Where Q represents the quantity of water per unit time, Ksat is the saturated hydraulic 

conductivity, A is the cross sectional area of the column through which the water flows, ΔP 

is the hydrostatic pressure difference from the top to the bottom of the column, and L is the 

length of the column. 

 

Saturated flow of water does not only occur downwards, but also horizontally and upwards. 

Horizontal and upward flows are not quite as rapid as downward flow. The latter is aided by 

gravity (Brady and Weil, 1999; Hillel, 1983). 

 

 Mostly, water movement in soil is ascribed to the unsaturated flow of water. This is a much 

more complex scenario than water flow under saturated conditions. Under unsaturated 

conditions only the fine micropores are filled with water whereas the macropores are filled 

with air. The water content, and the force with which water molecules are held by soil 

surfaces, can also vary considerably. The latter makes it difficult to assess the rate and 

direction of water flow. The driving force behind unsaturated water flow is matric potential. 

Water movement will be from a moist to a drier zone (Brady and Weil, 1999; Hillel, 1983). 

 

The following processes influence the amount of water to be leached from a soil profile: 

 Infiltration is the process by which water enters the soil pores and becomes soil water. The 

rate at which water can enter the soil is termed infiltration tempo and is calculated as 

follows: 

I = Q/A.t 

 

Where I represents infiltration tempo (m.s-1), Q is the volume quantity of infiltrating water 

(m3), A is the area of the soil surface exposed to infiltration (m2), and t is time (s). 

 

If the soil is quite dry when exposed to water, the macropores will be open to conduct 

water into the soil profile. Soils that exhibit a high 2:1 clay content (swelling-shrinking clays) 

will exhibit a high rate of infiltration initially. However, as infiltration proceeds, the 

macropores will become saturated and cracks, caused by dried out 2:1 clay, will swell and 

close, thus leading to a decline in infiltration (Brady and Weil, 1999; Hillel, 1983).   

  

 Percolation is the process by which water moves downward in the soil profile. Saturated 

and unsaturated water flow is involved in the process of percolation, while the rate of 

percolation is determined by the hydraulic conductivity of the soil.  

 

During a rain storm, especially the down pouring of heavy rain, water movement near the 

soil surface mainly occurs in the form of saturated flow in response to gravity. A sharp 

boundary, referred to as the wetting front, usually appears between the wet soil and the 

underlying dry soil. At the wetting front, water is moving into the underlying soil in response 

to both matric and gravitational potential. During light rain, water movement at the soil 

surface may be ascribed to unsaturated flow (Brady and Weil, 1999; Hillel, 1983). 
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The fact that water percolates through the soil profile by unsaturated flow has certain 

ramifications when an abrupt change in soil texture occurs (Brady and Weil, 1999; Hillel, 

1983). A layer of course sand, underlying a fine textured soil, will impede downward 

movement of water. The macropores of the coarse textured sand offer less attraction to the 

water molecules than the macropores of the fine textured soil. When the unsaturated 

wetting front reaches the coarse sand, the matric potential is lower in the sand than in the 

overlying material. Water always moves from a higher to a lower state of energy. The water 

can, therefore, not move into the coarse textured sand. Eventually, the downward moving 

water will accumulate above the sand layer and nearly saturate the fine textured soil. Once 

this occurs, the water will be held so loosely that gravitational forces will be able to drag the 

water into the sand layer (Brady and Weil, 1999; Hillel, 1983). 

 

A coarse layer of sand in an otherwise fine textured soil profile will also inhibit the rise of 

water by capillary movement (Brady and Weil, 1999; Hillel, 1983).   

 

Field observations and laboratory based analysis can aid in assessing the soil-water relations of an 

area.  The South African soil classification system (Soil Classification Working Group, 1991.) 

comments on certain field observable characteristics that shed light on water movement in soil. 

The more important of these are: 

 Soil horizons that show clear signs of leaching such as the E-horizon – an horizon where 

predominantly lateral water movement has led to the mobilisation and transport of 

sesquioxide minerals and the removal of clay material; 

 Soil horizons that show clear signs of a fluctuating water table where Fe and Mn mottles, 

amongst other characteristics, indicate alternating conditions of reduction and oxidation 

(soft plinthic B-horizon); 

 Soil horizons where grey colouration (Fe reduction and redox depletion), in an otherwise 

yellowish or reddish matrix, indicate saturated (or close to saturated) water flow for at least 

three months of the year (Unconsolidated/Unspecified material with signs of wetness); 

 Soil horizons that are uniform in colouration and indicative of well-drained and aerated 

(oxidising) conditions (e.g. yellow brown apedal B-horizon).   

 

 

5.3 WATER MOVEMENT IN THE LANDSCAPE 

 

Water movement in a landscape is a combination of the different flow paths in the soils and 

geological materials. The movement of water in these materials is dominantly subject to gravity 

and as such it will follow the path of least resistance towards the lowest point. In the landscape 

there are a number of factors determining the paths along which this water moves. Figure 6 

provides a simplified schematic representation of an idealised landscape (in “profile curvature”. 

The total precipitation (rainfall) on the landscape from the crest to the lowest part or valley bottom 

is taken as 100 %. Most geohydrologists agree that total recharge, the water that seeps into the 

underlying geological strata, is less than 4 % of total precipitation for most geological settings. 

Surface runoff varies considerably according to rainfall intensity and distribution, plant cover and 

soil characteristics but is taken as a realistic 6 % of total precipitation for our idealised landscape. 

The total for surface runoff and recharge is therefore calculated as 10 % of total precipitation. If 

evapotranspiration (from plants as well as the soil surface) is taken as a very high 30 % of total 

precipitation it leaves 60 % of the total that has to move through the soil and/or geological strata 
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from higher lying to lower lying areas. In the event of an average rainfall of 750 mm per year it 

results in 450 mm per year having to move laterally through the soil and geological strata. In a 

landscape there is an accumulation of water down the slope as water from higher lying areas flow 

to lower lying areas. 

 

To illustrate: If the assumption is made that the area of interest is 100 m wide it follows that the first 

100 m from the crest downwards has 4 500 m3 (or 4 500 000 litres) of water moving laterally 

through the soil (100 m X 100 m X 0.45 m) per rain season. The next section of 100 m down the 

slope has its own 4 500 m3 of water as well as the added 4 500 m3 from the upslope section to 

contend with, therefore 9 000 m3. The next section has 13 500 m3 to contend with and the following 

one 18 000 m3. It is therefore clear that, the longer the slope, the larger the volume of water that 

will move laterally through the soil profile. 

 

 
Figure 6 Idealised landscape with assumed quantities of water moving through the landscape 

expressed as a percentage of total precipitation (100 %). 

 

 

Flow paths through soil and geological strata, referred to as “interflow” or “hillslope water”, are very 

varied and often complex due to difficulty in measurement and identification. The difficulty in 

identification stems more from the challenges related to the physical determination of these in soil 

profile pits, soil auger samples and core drilling samples for geological strata. The identification of 

the morphological signs of water movement in permeable materials or along planes of weakness 

(cracks and seams) is a well-established science and the expression is mostly referred to as 

“redox morphology”. In terms of the flow paths of water large variation exists but these can be 

grouped into a few simple categories. Figure 7 provides a schematic representation of the different 

flow regimes that are usually encountered. The main types of water flow can be grouped as 1) 

recharge (vertically downwards) of groundwater; 2) lateral flow of water through the landscape 

along the hillslope (interflow or hillslope water); 3) return flow water that intercepts the 

soil/landscape surface; and 4) surface runoff. Significant variation exists with these flow paths and 

numerous combinations are often found. The main wetland types associated with the flow paths 

Precipitation (100 %) 

Recharge (4 %) 

Surface runoff (6 %) 

Evapotranspiration (< 30 %) 

Sub-surface lateral 
drainage (> 60 %) 
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are: a) valley bottom wetlands (fed by groundwater, hillslope processes, surface runoff, and/or in-

stream water); b) hillslope seepage wetlands (fed by interflow water and/or return flow water); and 

wetlands associated with surface runoff, ponding and surface ingress of water anywhere in the 

landscape. 

 

 

 
Figure 7 Different flow paths of water through a landscape (a) and typical wetland types 

associated with the water regime (b) 

 

 

Amongst other factors, the thickness of the soil profile at a specific point will influence the intensity 

of the physical and chemical reactions taking place in that soil. Figure 8 illustrates the difference 

between a dominantly thick and a dominantly thin soil profile. If all factors are kept the same except 

for the soil profile thickness it can be assumed with confidence that the chemical and physical 

reactions associated with water in the landscape will be much more intense for the thin soil profile 

than for the thick soil profile. Stated differently: The volume of water moving through the soil per 

Midslope seepage wetland 
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surface area of an imaginary plane perpendicular to the direction of water flow is much higher for 

the thin soil profile than for the thick soil profile. This aspect has a significant influence on the 

expression of redox morphology in different landscapes of varying soil/geology/climate 

composition. 

 

 
Figure 8 The difference in water flow between a dominantly thick and dominantly thin soil profile. 

 

 

5.4 THE CATENA CONCEPT 

 

Here it is important to take note of the “catena” concept. This concept is one of a topographic 

sequence of soils in a homogenous geological setting where the water movement and presence in 

the soils determine the specific characteristics of the soils from the top to the bottom of the 

topography. Figure 9 illustrates an idealised topographical sequence of soils in a catena for a 

quartz rich parent material. Soils at the top of the topographical sequence are typically red in colour 

(Hutton and Bainsvlei soil forms) and systematically grade to yellow further down the slope (Avalon 

soil form). As the volume of water that moves through the soil increases, typically in midslope 

areas, periodic saturated conditions are experienced and consequently Fe is reduced and removed 

in the laterally flowing water. In the event that the soils in the midslope positions are relatively 

sandy the resultant soil colour will be bleached or white due to the colour dominance of the sand 

quartz particles. The soils in these positions are typically of the Longlands and Kroonstad forms. 

Further down the slope there is an accumulation of clays and leaching products from higher lying 

soils and this leads to typical illuvial and clay rich horizons. Due to the regular presence of water 

the dominant conditions are anaerobic and reducing and the soils exhibit grey colours often with 

bright yellow and grey mottles (Katspruit soil form). In the event that there is a large depositional 
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environment with prolonged saturation soils of the Champagne form may develop (typical peat 

land). Variations on this sequence (as is often found on the Mpumalanga Highveld) may include 

the presence of hard plinthic materials instead of soft plinthite with a consequent increase in the 

occurrence of bleached soil profiles. Extreme examples of such landscapes are discussed below. 

 

 
Figure 9 Idealised catena on a quartz rich parent material. 

 

 

5.5 THE HALFWAY HOUSE GRANITE DOME CATENA 

 

The Halfway House Granite Catena is a well-studied example of a quartz dominated Bb catena. As 

a result of the elucidation of the wetland delineation parameters and challenges in the specialist 

testimony in the matter between The State versus 1. Stefan Frylinck and 2. Mpofu Environmental 

Solutions CC (Case Number 14/1740/2010) it will be discussed in further detail here. 

 

The typical catena that forms on the Halfway House granite differs from the idealised one 

discussed above in that the landscape is an old stable one, often with extensive subsoil ferricrete 

(or hard plinthic) layers where perched water tables occur. The parent material is relatively hard 

and the ferricrete layer is especially resistant to weathering. The quartz rich parent materials have 

a very low Fe content/”reserve”, and together with the age of the material leads to the dominance 

of bleached sandy soils. The implication is that the whole catena is dominated by bleached sandy 

soils with a distinct and shallow zone of water fluctuation. This zone is often comprised of a high 

frequency of Fe/Mn concretions and sometimes exhibits feint mottles. In lower lying areas the soils 

tend to be deeper due to colluvial accumulation of sandy soil material but then exhibit more distinct 

signs of wetness (and pedogenesis). Figure 10 provides a schematic representation of the catena. 

 

The essence of this catena is that the soils are predominantly less than 50 cm thick and as such 

have a fluctuating water table (mimicking rainfall events) within 50 cm of the soil surface. One of 

the main criteria used during wetland delineation exercises as stipulated by the guidelines (DWAF, 

2005) is the presence of mottles within 50 cm of the soil surface (temporary and seasonal wetland 
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zones). Even from a theoretical point of view the guidelines cannot be applied to the above 

described catena as soils at the crest of the landscape would already qualify as temporary wetland 

zone soils (upon request many such examples can be supplied). The practical implication of this 

statement as well as practical examples will be discussed in the next section. 

 

 
Figure 10 Schematic representation of a Halfway House Granite catena. 

 

 

5.6 CONVEX VERSUS CONCAVE LANDSCAPES IN THE HALFWAY HOUSE GRANITE CATENA 

 

An additional factor of variation in all landscapes is the shape of the landscape along contours 

(referred to a “plan curvature”). Landscapes can be either concave or convex, or flat. The main 

difference between these landscapes lies in the fact that a convex landscape is essentially a 

watershed with water flowing in diverging directions with a subsequent occurrence of “dryer” soil 

conditions. In a concave landscape water flows in converging directions and soils often exhibit the 

wetter conditions of “signs of wetness” such as grey colours, organic matter and subsurface clay 

accumulation. Figure 11 presents the difference between these landscapes in terms of typical soil 

forms encountered on the Halfway House granites. In the convex landscape the subsurface flow of 

water removes clays and other weathering products (including Fe) in such a way that the midslope 

position soils exhibit an increasing degree of bleaching and relative accumulation of quartz (E-

horizons). In the concave landscapes clays and weathering products are transported through the 

soils into a zone of accumulation where soils start exhibiting properties of clay and Fe 

accumulation. In addition, coarse sandy soils in convex environments tend to be thinner due to the 

removal of sand particles through erosion and soils in concave environments tend to be thicker due 

to colluvial accumulation of material transported from upslope positions. Similar patterns are 

observed for other geological areas with the variation being consistent with the soil variation in the 

catena. 

 

Often these concave and convex topographical environments occur in close proximity or in one 

topographical sequence of soils. This is often found where a convex upslope area changes into a 
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concave environment as a drainage depression is reached (Figure 12). The processes in this 

landscape are the same as those described for the convex and concave landscapes above. 

 

 
Figure 11 Schematic representation of the soils in convex and concave landscapes in the Halfway 

House Granite catena. 

 

 
Figure 12 Schematic representation of the soils in a combined convex and concave landscape in 

the Halfway House Granite catena. 
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5.7 IMPLICATIONS FOR WETLAND DELINEATION AND APPLICATION OF THE GUIDELINES 

 

When the 50 cm criterion is used to delineate wetlands in the HHGD environment, the soils in 

convex positions often “qualify” as temporary wetland soils due to their relatively thin profile and 

the presence of concretions (often weathering to yield “mottles”) within this zone. In conjunction 

with a low Fe content in the soils and subsequent bleached colours (as defined for E-horizons) in 

the matrix a very large proportion of the landscape “qualifies” as temporary wetland zones. On the 

other hand, the soils in the concave environments, especially in the centre of the drainage 

depression, tend to be thicker and the 50 cm criterion sometimes does not flag these soils as being 

wetland soils due to the depth of the signs of wetness (mottles) often occurring only at depths 

greater than 80 cm. Invariably these areas are always included in wetland delineations due to the 

terrain unit indicator flagging it as a wetland area and drainage feature. 

 

The strict application of the wetland delineation guidelines in the Halfway House Granite area often 

leads to the identification of 70 % or more of a landscape as being part of a wetland. For this 

reason a more pragmatic approach is often followed in that the 50 cm criterion is not applied 

religiously. Rather, distinctly wet horizons and zones of clay accumulation within drainage 

depressions are identified as distinct wetland soils. The areas surrounding these are assigned to 

extensive seepage areas that are difficult to delineate and on which it is difficult to assign a realistic 

buffer area. The probable best practice is to assign a large buffer zone in which subsurface water 

flow is encouraged and conserved to lead to a steady but slow recharge of the wetland area, 

especially following rainfall events. In the case where development is to take place within this large 

buffer area it is preferred that a “functional buffer” approach be followed. This implies that 

development can take place within the buffer area but then only within strict guidelines regarding 

storm water management and mitigation as well as erosion prevention in order to minimise 

sediment transport into stream and drainage channels and depressions. 

 

5.8 IMPLICATIONS FOR WETLAND CONSERVATION IN URBAN ENVIRONMENTS 

 

Whether an area is designated a wetland or not loses some of its relevance once drastic influences 

on landscape hydrology are considered. If wetlands are merely the expression of water in a 

landscape due to proximity to the land surface (viz. the 50 cm mottle criterion in the delineation 

guidelines) it follows that potentially large proportions of the water moving in the landscape could 

fall outside of this sphere – as discussed in detail above. Figures 13 and 14 provide schematic 

representations (as contrasted with Figure 7) of water dynamics in urban environments with 

distinct excavations and surface sealing activities respectively. 

 

Through the excavation of pits (Figure 13) for the construction of foundations for infrastructure or 

basements for buildings the shallow lateral flow paths in the landscape are severed. As discussed 

above these flow paths can account for up to 60 % of the volume of water entering the landscape 

in the form of precipitation. These severed flow paths often lead to the ponding of water upslope 

from the structure with a subsequent damp problem developing in buildings. Euphemistically we 

have coined the term “wet basement syndrome” (WBS) to describe the type of problem 

experienced extensively on the HHGD. A different impact is experienced once the surface of the 

land is sealed through paving (roads and parking areas) and the construction of buildings (in this 

case the roof provides the seal) (Figure 14). In this case the recharge of water into the soil and 
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weathered rock experienced naturally is altered to an accumulation and concentration of water on 

the surface with a subsequent rapid flowing downslope. The current approach is to channel this 

water into storm water structures and to release it in the nearest low lying position in the 

landscape. These positions invariable correlate with drainage features and the result is accelerated 

erosion of such features due to a drastically altered peak flow regime. 

 

The result of the above changes in landscape hydrology is the drastic alteration of flow dynamics 

and water volume spikes through wetlands. This leads to wetlands that become wetter and that 

experience vastly increased erosion pressures. The next section provides a perspective on the 

erodibility of the soils of the HHGD. It is important to note the correlation between increasing 

wetness, perching of water and erodibility. 

 

 

 
Figure 13 Different flow paths of water through a landscape with an excavated foundation (a) and 

typical wetland types associated with the altered water regime (b) 
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Figure 14 Different flow paths of water through a landscape with surface sealing (buildings and 

paving) (a) and typical wetland types associated with the altered water regime (b) 
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5.9 IMPLICATIONS FOR WETLAND CONSERVATION IN AGRICULTURAL ENVIRONMENTS 

 

Figure 14 provides a schematic representation (as contrasted with Figure 6) of water dynamics in 

an agricultural environment. In these environments the hydrology of the landscape is not severely 

altered and most, if not all, of the hydrological processes remain largely intact. The one alteration 

that can be experience is the increase removal of water from the landscape due to the water 

demand of the plants. Due to seasonality and aspects such a crop growth period and irrigation the 

specifics can be very variable. 

 

 

 
Figure 15 Different flow paths of water through an agricultural landscape (a) and typical wetland 

types associated with the water regime (b) 
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5.10 SOIL EROSION ON THE HALFWAY HOUSE GRANITE DOME 

 

Infiltration of water into a soil profile and the percolation rate of water in the soil are dependent on a 

number of factors with the dominant one being the soil’s texture (Table 1). Permeability and the 

percolation of water through the soil profile are governed by the least permeable layer in the soil 

profile. The implication of this is that soil horizons that overlie horizons of low permeability (i.e. hard 

rock, hard plinthite, G-horizon) are likely to become saturated with water relatively quickly - 

particularly if the soil profile is shallow and a large amount of water is added. Another impermeable 

layer is one that is saturated with water and such a layer acts the same way as the ones 

mentioned earlier. In cases where internal drainage is hampered by an impermeable layer such as 

hard rock (the Dresden or Wasbank soil forms) evaporation and lateral water movement are the 

only processes that will drain the soil profile of water. 

 

Infiltration of water into a soil profile is dependent on the factors leading to the downward 

movement of water. In cases where impermeable layers exist water will infiltrate into the profile 

until it is saturated. Once this point is reached water infiltration will cease and surface runoff will 

become the dominant water flow mechanism. A similar situation will develop if a soil has a slow 

infiltration rate of water due to fine texture, hardened or compacted layers and low hydraulic 

conductivity. When these soils are subjected to large volumes and rates of rainfall the rate of 

infiltration will be exceeded and excess water will flow downslope on the soil surface. 

 

Table 1 Infiltration/permeability rates for soil textural classes (Wischmeier, Johnson & Cross 1971) 

Texture class Texture Permeability Rate 

(mm/hour) 

Permeability Class 

Coarse Gravel, coarse sand 

Sand, loamy sand 

>508 

152 – 508 

Very rapid 

Rapid 

Moderately coarse Coarse sandy loam 

Sandy loam 

Fine sandy loam 

51 - 152 Moderately rapid 

Medium Very fine sandy loam 

Loam 

Silt loam 

Silt 

15 – 51 Moderate 

Moderately fine Clay loam 

Sandy clay loam 

Silty clay loam 

5.1 – 15.2 Moderately slow 

Fine Sandy clay 

Silty clay 

Clay (>60%) 

1.5 – 5.1 Slow 

Very fine  Clay (>60%) 

Clay pan 

< 1.5 Very slow 

 

 

The texture, permeability and presence of impeding layers are some of the main determinants of 

soil erosion. Wischmeier, Johnson and Cross (1971) compiled a soil erodibilty nomograph from soil 

analytical data (Figure 16). The nomograph uses the following parameters that are regarded as 

having a major effect on soil erodibility: 
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 The mass percentage of the fraction between 0.1 and 0.002 mm (very fine sand plus silt) of 

the topsoil. 

 The mass percentage of the fraction between 0.1 and 2.0 mm diameter of the topsoil. 

 Organic matter content of the topsoil. This “content” is obtained by multiplying the organic 

carbon content (in g/100 g soil – Walkley Black method) by a factor of 1.724. 

 A numerical index of soil structure. 

 A numerical index of the soil permeability of the soil profile. The least permeable horizon is 

regarded as horizon that governs permeability. 

 

 
 

 
Figure 16 The nomograph by Wischmeier, Johnson and Cross (1971) that allows a quick 

assessment of the K factor of soil erodibility 
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Box 1 describes the procedure to use the nomograph. 

 

As part of a different study 45 soil samples were collected from 19 points on the HHGD. The 

samples were described in terms of soil form and analysed with respect to texture (6 fractions) and 

organic carbon content of the A-horizons (data not presented here but available upon request). 

The erodibility index and maximum stable slope were calculated for each horizon (according to the 

method discussed above) in both an unsaturated and saturated soil matrix (data not presented 

here but available upon request).  

 

The erosion risk is based on the product of the slope (in percentage) and the K-value of erodibility 

(determined from the Wischmeier, Johnson and Cross (1971) nomograph). This product should not 

exceed a value of 2.0 in which case soil erosion becomes a major concern. The K-value allows for 

a “hard” rainfall event but is actually based on scheduled irrigation that allows for infiltration and 

percolation rates and so-called “normal” rainfall intensity. Soil erosion potential increases with an 

increase in the very fine sand plus silt fraction, a decrease in the organic matter content, an 

increase in the structure index and a decrease in permeability. Water quality is assumed not to be 

a problem for the purposes of the erosion hazard calculations.  

 

Box 1: Using the nomograph by Wischmeier, Johnson and Cross (1971) 

In examining the analysis of appropriate surface samples, enter on the left of the graph and 

plot the percentage of silt (0.002 to 0.1 mm), then of sand (0.10 to 2 mm), then of organic 

matter, structure and permeability in the direction indicated by the arrows. Interpolate 

between the drawn curves if necessary. The broken arrowed line indicates the procedure for 

a sample having 65% silt + very fine sand, 5% sand, 2.8% organic matter, 2 of structure and 

4 of permeability. Erodibility factor K = 0,31. 

 

 

Note: The erodibility factor increase due to saturation was also calculated. These results indicated 

an increase in erodibiity of a factor predominantly between 3 and 4 for saturated soil conditions. 

 

5.11 Detailed Soil Characteristics – Summarising Conclusions 

 

The following general conclusions can be made regarding the soil characteristics of the HHGD 

(and the catchment): 

1. The site (and catchment) is dominated by shallow to moderately deep sandy soils with 

deep soils occurring in the drainage features only ; 

2. The soils are dominantly coarse sandy in texture; 

3. On the bulk of the site the soils are underlain by a hard plinthic layer (ferricrete) that acts as 

an aquaclude under natural conditions; 

4. The bulk of the water movement on the site occurs within 50 cm of the soil surface on top of 

the ferricrete layer in the absence of human impacts; 

5. Wetland delineation is a challenging exercise on the HHGD; and 

6. The soils of the HHGD, as those of the site, are highly erodible, especially when saturated 

with water. 
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6. METHOD OF SITE INVESTIGATION 

 

6.1 HYDROPEDOLOGY 

 

6.1.1 Hydropedology Background 

 

The identification and delineation of wetlands rest on several parameters that include topographic, 

vegetation and soil indicators. Apart from the inherent flaws in the wetland delineation process, as 

discussed earlier in this report, the concept of wetland delineation implies an emphasis on the 

wetlands themselves and very little consideration of the processes driving the functioning and 

presence of the wetlands. One discipline that encompasses a number of tools to elucidate 

landscape hydrological processes is “hydropedology” (Lin, 2012). The crux of the understanding of 

hydropedology lies in the fact that pedology is the description and classification of soil on the basis 

of morphology that is the result of soil and landscape hydrological, physical and chemical 

processes. But, the soils of which the morphology are described, also take part in and intimately 

influence the hydrology of the landscape. Soil is therefore both an indicator as well as a participator 

in the processes that require elucidation. 

 

Wetlands are merely those areas in a landscape where the morphological indicators point to 

prolonged or intensive saturation near the surface to influence the distribution of wetland 

vegetation. Wetlands therefore form part of a larger hydrological entity that they cannot be 

separated from. 

 

6.1.2 Hydropedology – Proposed Approach 

 

In order to provide detailed pedohydrological information both detailed soil surveys and 

hydrological investigations are needed. In practice these intensive surveys are expensive and very 

seldom conducted. However, with the understanding of soil morphology, pedology and basic soil 

physics parameters as well as the collection and interpretation of existing soil survey information, 

assessments at different levels of detail and confidence can be conducted. In this sense four levels 

of investigation are proposed namely: 

 

1. Level 1 Assessment: This level includes the collection and generation of all applicable 

remote sensing, topographic and land type parameters to provide a “desktop” product. This 

level of investigation rests on adequate experience in conducting such information 

collection and interpretation exercises and will provide a broad overview of dominant 

hydropedological parameters of a site. Within this context the presence, distribution and 

functioning of wetlands will be better understood than without such information. 

2. Level 2 Assessment: This level of assessment will make use of the data generated during 

the Level 1 assessment and will include a reconnaissance soil and site survey to verify the 

information as well as elucidate many of the unknowns identified during the Level 1 

assessment. 
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3. Level 3 Assessment: This level of assessment will build on the Level 1 and 2 assessments 

and will consist of a detailed soil survey with sampling and analysis of representative soils. 

The parameters to be analysed include soil physical, chemical and mineralogical 

parameters that elucidate and confirm the morphological parameters identified during the 

field survey. 

4. Level 4 Assessment: This level of assessment will make use of the data generated during 

the previous three levels and will include the installation of adequate monitoring equipment 

and measurement of soil and landscape hydrological parameters for an adequate time 

period. The data generated can be used for the building of detailed hydrological models (in 

conjunction with groundwater and surface hydrologists) for the detailed water management 

on specific sites. 

 

For most wetland delineation exercises a Level 2 or Level 3 assessment should be adequate. For 

this investigation a Level 2 assessment was conducted with extensive field work. Analysis of soils 

(as proposed for a Level 3 assessment) was not conducted but data from other sites with highly 

similar soils was used to illustrate the challenges faced on the site. 

 

The process of the hydropedology assessment entails the aspects listed below. The results of the 

assessment will therefore be structured under the headings as provided below. 

 

6.2. AERIAL PHOTOGRAPH INTERPRETATION 

 

An aerial photograph interpretation exercise was conducted through the use of Google Earth 

images and historical aerial photographs of the site. This data was used to obtain an indication of 

the extent of the wetlands on the site as well as to provide an indication of the artificial modifiers 

evident on the site and in the catchment. 

 

6.3 TERRAIN UNIT INDICATOR 

 

Detailed contours of the site (filtered to 2 m intervals for the purpose of map production) were used 

to provide an indication of drainage depressions and drainage lines. From this data the terrain unit 

indicator was deduced. 

 

6.4 SOIL FORM AND SOIL WETNESS INDICATORS 

 

The soil form and wetness indicators were assessed on the site through a dedicated 

reconnaissance soil survey within the context of the description of the HHGD as provided in 

sections 5.5 to 5.7. During the soil survey areas of significance were identified and soil auger 

profile description activities conducted for the specific areas. 

 

Historical impacts were identified as the impacts on the soils are very distinct. Soil characteristics 

could therefore be used to provide a good indication of the historical impacts on the grounds of a 
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forensic approach. In areas where soil impacts are limited the standard approach in terms of 

identification of soil form and soil wetness indicators was used. 

 

6.5 VEGETATION INDICATOR 

 

Due to the extent of the historical impacts as well as the timing of the investigation a dedicated 

vegetation survey for the purpose of wetland delineation was not conducted. Vegetation 

parameters were noted and these are addressed in the report where relevant. 

 

6.6 ARTIFICIAL MODIFIERS 

 

Artificial modifiers of the landscape and wetland area were identified during the different 

components of the investigation and are addressed in the context of the wetland delineation. 

 

6.7 AGRICULTURAL POTENTIAL 

 

The agricultural potential of the site was determined through the use of the data generated above. 

 

7. SITE SURVEY RESULTS AND DISCUSSION 

 

7.1 AERIAL PHOTOGRAPH INTERPRETATION 

 

7.1.1 Potential Wetlands 

 

From the aerial photograph interpretation, based on several historical images, three main areas of 

wetlands were identified. These areas are indicated in Figure 17 and include 1) a distinct drainage 

depression and water course in the central part of the site, 2) a distinct drainage depression and 

water course in the northern section of the site and 3) a distinct drainage depression on the 

southern side of the site with the top section occurring on the survey site. For the purpose of this 

report all these areas were assessed and surveyed. The section that follows later in the report 

addresses each of these areas in more detail. 

 

7.1.2 Historical Impacts 

 

The historical impacts on the site are very evident from the Google Earth images. These impacts 

relate mainly to erosion of the soils across the site due to historical tillage activities (Figures 18 to 

20) and major erosion events within the drainage features (Figures 21 to 26). The erosion drivers 

on the site are the same as those discussed for the HHGD under section 5.10. 

 

Figure 23 also indicates the alignment of a road that crosses the northern drainage feature. In 

Figure 26 indicates extensive rubble dumping in the headwaters of central drainage feature and 

Figure 27 indicates rubble dumping in the southern section of the site. 
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Figure 17 Identified potential wetlands on the survey site indicated by arrows and text boxes 

 

 

 
Figure 18 Tillage contours in the north-eastern section of the site 

 

 

Drainage feature wetland 1 

Drainage feature wetland 2 

Drainage feature wetland 3 
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Figure 19 Tillage contours with erosion scars in the north-eastern section of the site 

 

 

 
Figure 20 Tillage contours with erosion scars in the northern section of the site 
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Figure 21 Erosion within the southern section of the northern drainage feature 

 

 

 
Figure 22 Erosion within the central section of the northern drainage feature 
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Figure 23 Erosion within the northern section of the northern drainage feature 

 

 

 
Figure 24 Extensive and severe erosion in the western section of the central drainage feature 
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Figure 25 Extensive and severe erosion in the central section of the central drainage feature 

 

 

 
Figure 26 Extensive and severe erosion in the eastern section of the central drainage feature as 

well as dumped rubble on the eastern boundary 
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Figure 27 Dumped rubble along tracks in the southern section of the site 

 

 

7.2 TERRAIN UNIT INDICATOR 

 

From the contour data a topographic wetness index (TWI) (Figure 28) was generated for the site. 

From extensive experience on the HHGD it is evident that the TWI provides a very accurate 

indication of water flow paths and areas of water accumulation that are often correlated with 

wetlands. This is a function of the topography of the site and ties in with the dominant water flow 

regime in the soils and the landscape (refer to previous section where the concept of these flows 

was elucidated). Areas in blue indicate concentration of water in flow paths with lighter shades of 

blue indicating areas of regular water flows in the soils and on the surface of the wetland / 

terrestrial zone interface. The head waters (or recharge zone) of the central and northern drainage 

features are situated outside the survey site. 

 

The terrain unit indicator confirms the presence of the wetland features identified during the aerial 

photograph interpretation phase. This index does not indicate any other areas of potential wetlands 

in the form of concave topography. The above mentioned features were investigated in more detail 

during the field and soil survey and will therefore be addressed in the sections to follow. 

 



 38 

 
Figure 28 Topographic wetness index (TWI) of the survey site 

 

 



 39 

7.3 SOIL FORM AND SOIL WETNESS INDICATORS 

 

All the soils on the site conform to the description provided in sections 5.5 and 5.6 and are 

dominantly bleached throughout from crest to valley bottom. The soils on the site can be divided 

into five main groups from the crest to valley bottom namely: 1) convex landscape recharge soils, 

2) convex interflow shallow soils, 3) convex-concave transition area soils, 4) concave interflow 

deeper soils and 5) concave deep valley bottom soils.  

 

7.3.1 Convex Landscape Recharge Soils 

 

This section of the landscape lies at the crest in convex positions and constitutes soils with 

relatively permeable subsoils. The dominant soils are of the Glenrosa (orthic A horizon / 

lithocutanic B horizon) form (Figure 29) and the Wasbank (orthic A horizon / E horizon / hard 

plinthic B horizon) form (Figures 30 to 31). The plinthic character in these soils are limited to hard 

nodules within a bleached soil matrix overlying a hard subsoil layer leading to the classification as 

hard plinthic rather than soft plinthic. The high chroma colours evident in Figures 30 to 31 are from 

broken Fe concretions and not from soft masses (soft plinthic material). In these soils the dominant 

water movement is downwards into the fractured rock. Some of the water may move laterally in the 

A horizon as well as the weathered rock horizon or on top of the hard plinthic horizon. This is 

confirmed by the bleached colour of the A horizon as well as the occurrence of Fe/Mn concretions 

in the upper parts of the lithocutanic horizons. Although these soils indicate the morphology of 

bleaching they are not wet for long enough periods to qualify as wetland soils. In fact, the water 

that percolates through these soils into the fractured rock moves through relatively rapidly and then 

moves laterally to the lower parts of the landscape. 

 

 
Figure set 29 Soil profiles of the Glenrosa forms at the crest of the landscape 
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Figure 30 Soil auger profile of the Wasbank soil form 

 

 

 
Figure set 31 Broken high chroma plinthite concretions in a bleached soil matrix at depth in the 

Wasbank soil form 

 

 

7.3.2 Convex Interflow Shallow Soils 

 

The soils in this section are bleached and exhibit signs of distinct and regular lateral flow of water, 

following rainfall periods, at a depths of 40 to 50 cm. The soils are predominantly of the Wasbank 

form with very distinctly expressed lateral flow mechanisms as expressed in blue grey soil layers 

(Figures 32 and 33) on top of the very well developed hard plinthite. In areas where soil 

disturbances have intercepted the laterally flowing water the water daylights and the reduced iron 

oxidises as a thin high chroma film of iron oxides on the water’s surface (Figure 34). 
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Figure 32 Grey drier topsoil horizon on the left and grey and wet subsoil E horizon overlying well 

developed hard plinthite on the right in the Wasbank soil form 

 

 

 
Figure 33 Hard plinthic nodules in a matrix of very bleached soil material immediately above the 

hard and cemented hard plinthic material 
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Figure 34 Daylighting of water with oxidised iron on the surface 

 

 

7.3.3 Convex-Concave Transition Area Soils 

 

The transition between the convex interflow soils and the deeper concave interflow soils is in some 

cases characterised by distinct hard plinthite outcrops (Figures 35 to 37) with distinct seepage 

areas (Figure 38). The seepage of chemically reduced iron rich water through the landscape with 

its subsequent daylighting in the transition area leads to the precipitation of the iron on the surface 

of the water as a thin film of iron oxides and hydroxides. This thin film is deposited on the exposed 

land surface during drying periods and the iron minerals undergo a further stabilisation in the form 

of a transformation to stable iron oxides. It is postulated that the prolonged occurrence of such 

conditions has led to the formation of the distinct hard plinthic materials on the surface, or within 

the upper soil horizons, in this landscape. These soils do not occur throughout the site but rather 

are concentrated along the southern edge of the central drainage feature. Sporadic occurrences 

are found in other areas of the site. 

 

The distinct occurrence of these layers near the soil surface is considered to be a combination of 

in-situ formation on the surface as well as below the surface. The fact that the layers are now on 

the surface could indicate distinct erosion of and removal of unconsolidated soil material from 

these areas through processes accelerated through human activities on the site. This assumption 

is confirmed by extensive erosion in other areas of the site – aspects that will be discussed in the 

sections to follow. 
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Figure 35 Hard plinthite outcrop in the convex-concave transition area 

 

 

 
Figure 36 Hard plinthite outcrop with iron rich water seepage in the convex-concave transition area 
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Figure 37 Hard plinthite outcrop with iron rich water seepage in the convex-concave transition area 

 

 

 
Figure 38 Iron rich water seepage in the convex-concave transition area 
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7.3.4 Concave Interflow Soils 

 

In the concave section of the site the soils tend to be deeper with the eroded soil material from 

upslope areas accumulating in the concave area due to a reduction in water flow velocities and 

spreading out of the water (Figure 38). Both drainage features in the northern section of the site 

indicate characteristics predominantly of this landscape position. The dominant soils are of the 

Wasbank (orthic A horizon / E horizon / hard plinthite) and Kroonstad (orthic A horizon / E horizon / 

G horizon) forms. The G horizon in the Kroonstad form has distinct prismatic tendencies in that the 

structure is prismatic and the transition from the E to the G is abrupt. Due to the thickness of the 

sandy overlying material (A and E horizons) as well as the dominance of grey colours on ped faces 

over dark colours these soils are classified as Kroonstad forms rather than Estcourt forms. The 

overlap is however quite distinct and this observation is significant in the explanation of a lot of the 

erosion that is evident on the site as the prismatic soils are highly susceptible to erosion. 

 

In the concave areas further upslope on the site the prismatic tendencies of the clay rich subsoil 

horizons are more pronounced. These tendencies are clearly expressed in an area of the central 

drainage feature that has been eroded severely (Figures 39 to 42). The tops of the prisms of the 

prismacutanic horizon are still visible in many areas as these harden upon desiccation, therefore 

forming new “resistant” layers to erosion (Figures 40 and 41). The movement of chemically 

reduced water through the landscape is also evident as red oxidised zones in the exposed profiles 

many of the eroded areas (Figure 42). 

 

 

 
Figure set 39 Deep sandy profiles in the concave part of the landscape on the edge of the original 

central drainage feature 
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Figure 40 Severe erosion in the central upper parts of the central drainage feature 

 

 

 
Figure 41 Severe erosion in the central upper parts of the central drainage feature with the tops of 

the prisms still visible as cemented soil horizons due to desiccation 
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Figure 42 Prisms still visible as cemented soil horizons due to desiccation 

 

 

 
Figure 43 Severe erosion in the central upper parts of the central drainage feature with daylighting 

of water and subsequent precipitation of iron oxides in the exposed areas 
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7.3.5 Concave Deep Valley Bottom Soils 

 

The occurrence of deep valley bottom soils in the concave areas is limited to the lowest section of 

the northern drainage feature. These soils are predominantly of the Kroonstad and Katspruit (orthic 

A horizon / G horizon) forms. On the site there are not many remnants of these soils in the valley 

bottom position as most of these areas have been altered significantly through erosion. 

 

7.4 ARTIFICIAL MODIFIERS 

 

The artificial modifiers of the wetland systems specifically and the landscape in general include the 

historical agricultural activities (Figures 18 to 20) as well as the significant and large scale erosion 

of the drainage features (Figures 21 to 27 as well as 40 to 43). As these aspects have been 

discussed before they will not be addressed further in this section. 

 

However, the implication of the significant modification of the wetlands and drainage features imply 

that they cannot be seen as functional wetlands anymore. Although a PES determination was not 

conducted for these systems it is stated that they will vary from D to F categories in different parts 

of the site. The implication is that these drainage features will require significant intervention in the 

form of erosion mitigation and stabilisation activities. These aspects will be discussed in more 

detail later in the report. 

 

7.5 AGRICULTURAL POTENTIAL 

 

The agricultural potential of the site is considered to be low due to the large scale alteration of the 

site through human activities as well as the dominance of shallow soils in all the terrestrial areas. 

The only deep soils were encountered in the drainage features and most of these have been 

eroded drastically. The occurrence of the deep soils in the drainage features implies that these 

soils are not considered suitable (practically and legally) for agricultural use. The overall conclusion 

is therefore that the site is of low agricultural potential. 

 

8. WETLAND DISCUSSION 

 

8.1 PRESENCE OF WETLAND / STATUS 

 

From this investigation three wetland features were identified (as discussed in the preceding 

sections). As stated earlier, both the large northern wetland features have been impacted 

significantly through historical human activities. 

 

8.2 PROPOSED DELINEATION 

 

From the investigation as well as the problematic nature of wetland delineation on the HHGD an 

approximate wetland boundary is provided in Figure 44. In the context of the results of the 

investigation above a 30 m buffer is not provided. This is due to the fact that the wetland features 

on the site have been altered significantly through a range of historical human activities. 
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8.3 PROPOSED WETLAND BUFFER 

 

An extensive buffer for the wetland is not considered adequate as the management of water on the 

site (from a quantity and quality perspective) would require significant and extensive rehabilitation 

work. Rather, it is proposed that the 1:100 year flood lines be used as a wetland protection area 

without urban development. The area within the wetland requires stabilisation, storm water 

mitigation and erosion mitigation and as such extensive activities will have to take place. These 

activities are discussed in the following sections. 

 

 
Figure 44 Proposed delineation of the wetlands on the site 
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8.4 MANAGEMENT REQUIREMENTS AND MITIGATION OF STORM WATER 

 

The wetlands of the HHGD are stable against erosion under natural conditions where landscape 

runoff characteristics have not been altered by humans. As indicated earlier in the report, the 

HHGD soils are highly susceptible to erosion and as such even slight changes in storm water 

runoff intensity will cause increased erosion pressures on wetlands. Important: Opposite to the 

general notion that wetlands perform flood attenuation functions the HHGD wetlands cannot 

perform such as they are not stable against degradation once the runoff intensity increases. 

 

It is therefore imperative that the wetlands (and other open soil areas on the site) be protected 

against increased erosion pressures through the implementation of the following: 

1. Adequate storm water mitigation throughout the construction site (from start to completion) 

to prevent large pulses in storm water. 

2. Sediment containment structures throughout the site to prevent sediment runoff and 

accumulation in the wetland area. 

 

The storm water runoff from soils in the area under natural conditions will be barely perceivable as 

the soils act as a sponge with a gradual release of the water once it leaches out of the landscape 

through lateral seepage on the impervious subsoil layers. Only in events of exceptional rainfall will 

the overland flow increase to significant volumes. Once development and construction start on 

soils of the HHGD the infiltration characteristics of the soils change drastically with a consequent 

drastic change in runoff characteristics. Runoff changes lead to a distinct spike in the hydrograph 

as elucidated through modelling and calculations. These spikes are the main drivers of accelerated 

degradation of water courses in the area. Please refer to sections 5.7, 5.8 and 5.9 for an 

explanation of the implications of the above in terms of the wetland delineation guidelines, urban 

developments and soil erosion in the HHGD area. 

 

It is not the purpose of this document to provide detailed designs for mitigation measures as these 

should be generated by a suitably qualified engineer in conjunction a suitably qualified wetland soil 

specialist. There are a few general pointers though that should be adhered to namely: 

 

1. Subsurface lateral flow of water leads to the interception of such water once foundations 

are sunk into the soils and weathered rock / hard plinthite. Adequate drainage structures 

should be constructed to prevent damp problems in structures arising within the soil profiles 

and landscape start filling with water once rainfall increased during summer months. This 

aspect is already a major problem in large developments of housing such as Cosmo City. 

2. In many areas it has been found that the water moving downslope in the fractured rock is 

under positive pressure (due to gravity) with a consequent squirting out from severed 

preferential flow structures. This implies that in some areas water ingress into foundations 

and basements can occur from below (leading to the expression of a “wet basement 

syndrome” as mentioned under section 5.8). Structures constructed in areas with such risks 

should have additional water removal mechanisms implemented at the structure / ground 

interface. These can include dedicated containment and drainage features. Where cut and 

fill operations take place with a consequent large volume of “overburden” material over the 

soil a specific capillary break layer with associated drainage should suffice. 

3. Surface sealing of the landscape through roads, parking areas, roof covered areas and 

general soil compaction leads to accelerated and increased surface water runoff. In order to 
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mitigate the potential large volumes over a large area numerous small containment 

structures with choked outflows should be constructed throughout a site. The fewer these 

structures are the larger other structures have to be to contain the said water. As a 

minimum requirement these structures should be adequate and enough to contain the 

standard storm water runoff from a site before it reaches the wetland /drainage feature 

area. 

4. Several soft engineering approaches exist for the successful mitigation of storm water. If 

these are incorporated into the design and layout of development sites impacts on the 

wetlands and drainage features of the HHGD can be successfully mitigated. 

5. In terms of both the NWA (National Water Act) and NEMA (National Environmental 

Management Act) land owners have a duty to protect water resources, water courses and 

wetlands. In addition, CARA (Conservation of Agricultural Resources Act) and the 

municipal bylaws address storm water aspects that are of importance to land owners and 

managers. Insufficient attention to storm water related impacts during the design phase of a 

development can lead to administrative and criminal liabilities for the developer / land 

owner post development. 

6. Important: In the absence of adequate management of storm water, wetland impacts in 

terms of erosion will be inevitable therefore exposing the relevant entities involved with the 

development to unacceptable punitive administrative action or even criminal prosecution. 

 

9. CONCLUSIONS AND RECOMMENDATIONS 

 

The following conclusions are drawn from the investigation: 

1. The wetlands on the site are limited to the area associated with a distinct drainage features 

/ water courses; 

2. The wetland and surrounding landscape have been impacted by a number of human 

activities that range from agriculture to infrastructure development; 

3. The wetlands, water courses and soils on the general site are all severely prone to erosion. 

Adequate storm water management measures should be implemented to address this risk. 

4. The integrity of the wetlands on the site have been compromised by historical human 

activities. Extensive rehabilitation of the drainage feature and management of storm water 

runoff and erosion is needed to manage water emanating from this site in terms of quantity 

and quality. 

5. Wetland delineation on the HHGD is not an auditable process as different workers interpret 

the wetland delineation guidelines and soil indicators differently. Whatever the outcome of 

the delineation exercise the most important aspect of the exercise is the provision of 

context of the wetland and management measures to protect the wetland once land use 

changes are authorised. 
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