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SUMMARY 

Transnet National Ports Authority (TNPA) wishes to expand the infrastructure on the South Dunes 

by constructing a storm water channel as well as associated infrastructure which will service the 

proposed South Dunes Lease Sites within the Port of Richards Bay. This study was commissioned 

to investigate the geohydrology of the region to support the application of a Water Use License for 

the infrastructure development. 

Historical data has been sourced from several project and complied to enable a comprehensive 

groundwater assessment of the historical groundwater dynamics. These include borehole logs of 

the underlying stratigraphy and water level elevation. In addition, 15 years of rainfall and 

evaporation measurements for the study area have been compiled. These data have been used to 

configure a three dimensional hydrodynamic groundwater flow model of the South Dunes area 

and calibrate the necessary parameters that will provide a reliable estimate of the water level profile. 

The model simulated the water table profile to within 0.5m of the few available measurements and 

also simulated the extent and location of prominent wetlands. This is considered adequate to 

establish the likely impact of the proposed development on the groundwater regime and 

downstream resources. 

The model simulated the areas of groundwater exposure under dry, wet and average hydrological 

conditions for the past 15 years. The model was then configure to trace the hydrological 

perturbation from infrastructural developments to downstream receiving waters using particle 

tracking.  

The model indicates that there is a likely probability that the storm water channel, as configure in 

drawing <4122870-1-001-C-DE-0009-01_0A> will form an active drainage boundary with slow 

groundwater release (baseflow) of < 0.01 m3/s under average hydrological conditions. This will 

create a slight drawdown in the immediate vicinity of the channel but is unlikely to impact the 

northern wetland. 

Hypothetical particles were applied to regular points along the full extent of the storm water 

channel and their tracks for the duration of the simulation period were plotted to identify the 

downstream resources that may be impacted. The model indicated that nearly all contaminant 

source that may enter the groundwater along the storm water channel are likely to flow into the 
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deeper stratigraphic layer and pass beneath the northern wetland. Similar particle tracking method 

was applied to the two lease sites 4 & 5 and their zone of impact determined. In most instances, 

all contaminant source would likely flow toward the Indian Ocean to the south of the northern 

wetland. Similarly, those sites upstream of the wetland would likely impact the deeper stratigraphy 

and not contaminate the wetland.  However, it is strongly recommended that groundwater 

monitoring points are established along the upstream section of the wetland to identify any impact 

from the development. 
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1. INTRODUCTION 

Transnet National Port Authority (TNPA) wishes to construct a storm water channel, as well as 

associated infrastructure, which will service the proposed South Dunes Lease Site within the Port 

of Richards Bay, KwaZulu Natal. The proposed infrastructure development is the provision of 

basic infrastructural services to future lease sites 4 and 5 shown in Figure 1. Services to be provided 

will enable lessees to develop these sites to be operational in the near future. 

The proposed development site plays host to very important ecological habits ranging from 

wetlands to coastal forests. The wetlands found on site have mostly been degraded through 

historical human activities. Although the site is highly transformed, it does host important 

vegetation communities and species, and important faunal species, in particular, a wide variety of 

frogs. Past disturbances encountered on site include relocation of surface soils due to infrastructure 

development, removal of primary vegetation, and infestation of the area with alien invasive plant 

species. 

TNPA has considered two options for the development. 

 Option 1 is the development of the total area of 125,950 m2 (12.6ha). 

 Option 2 (preferred alternative) is the development of 57,415 m2 (5.7ha).  

This study is required to undertake a geohydrological assessment of the proposed developments 

for OPTION 2 on the groundwater system as required for the application of the water use license. 

The tasks to be undertaken will include 

 A review and understand of the existing project data and information 

 Devise a method to apply data and information in an assessment of the current 

geohydrological system and the likely impact of the infrastructure development in terms of 

the WUL requirements. 

 Identify project information gaps relating to the water use and list requirements 
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Figure 1. The South Dunes study area showing the proposed TNPA developments. 
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2. TERMS OF REFERENCE 

HR&TScc was appointed by KSEMS Environmental Consulting to undertake a specialist 

geohydrological study of the South Dunes site as part of the WUL application by TNPA for 

proposed future expansion projects shown in Figure 1.  

The proposed methodology for this study is based on the development, calibration and application 

of a suitable three dimension numerical model of the entire South Dunes aquifer(s) to simulate and 

evaluate the possible impacts of the infrastructural developments on the groundwater and receiving 

surface water features. 

In the South Dunes study area, there are no significant identifiable hydraulic boundaries that will 

drain the groundwater storage with the sole exception of the shoreline that creates a fresh water 

island effect surrounded by marine waters. The wetlands do not appear to have feeder or discharge 

streams and are created solely by an exposure of the water table within the inter-dune depressions. 

Consequently, the use of a numerical model that is capable of simulating the hydrodynamics of 

the groundwater and providing a reliable estimate of the water table elevation relative to the 

surrounding Oceans and estuaries is the chosen approach for this study.  The model must provide 

a reliable estimate of the water table elevation to establish the groundwater flow direction and 

velocities, the depth to the water table from the surface topography that can be used to delineate 

the wetlands of various types, and a method to illustrate zones of impact from the proposed 

infrastructure development (i.e. source to sinks).  

3. GEOHYDROLOGICAL REQUIREMENTS FOR WUL 

The Department of Water and Sanitation (DWS), the custodian of the water resources of South 

Africa, has implemented a policy and strategy for groundwater quality management in South 

Africa (DWAF, 2000).  The groundwater quality management strategy forms part of the National 

Water Resources Strategy. In terms of the National Water Act (1998) this includes, in addition to 

other uses,  

 the discharging of water containing waste products 

 the disposing of waste in a manner which may detrimentally impact on a water resource  

 the disposing of heated or waste water  

 the alteration of the bed, banks, course or characteristics of a water course. 
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These uses can only take place in terms of an authorization or licence which must take into account 

the following pertinent issues; 

 protecting the aquatic and associated ecosystems and their biological diversity;  

 reducing and preventing pollution and degradation of the water resources;  

In order to issue a WUL for the proposed development in accordance with these requirements it is 

necessary to establish the nature and magnitude of the impact of the proposed developments on 

the water resources. To assist in the allocation of WUL, DWS management strategies has 

established three policy goals: 

 to implement source-directed controls to prevent and minimise, at source, the impact of 

development on groundwater quality by imposing regulatory controls and by providing 

incentives (mainly Chapter 4 of the National Water Act);  

 to implement resource-directed measures (RDM) in order to manage such impacts as do 

inevitably occur in such a manner to protect the reserve and ensure suitability for beneficial 

purposes recognised by the Act (Chapter 3 of the National Water Act);  

 to remedy groundwater quality where practicable to protect the reserve and ensure at least 

fitness for the purpose served by the remediation (Chapter 3 of the National Water Act).  

 

The functional approach by DWAF has been to adopt  

 a source-directed approach for impact prevention and minimisation;  

 a resource-directed approach for groundwater quality management; and  

 a site-specific, needs-based approach to remediation of degraded groundwater.  

The source directed strategy measures include authorisations and licences;  

 standards to regulate the quality of waste discharges to water resources (the so-called end-

of-pipe quality);  

 requirements for on-site management practices (e.g. to minimise waste at source and to 

control diffuse pollution);  

 requirements to minimise impacts of water use generally, not just water quality aspects; 

 requirements for clean-up and remediation of water resources that have already been 

polluted.  
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4. STUDY AREA 

The principal study area is the South Dune Complex in Richards Bay shown in Figure 1.  The 

proposed developments include the construction of a storm water channel that extends from [28o 

50’14.33”S; 32o 02’50.24 E]  to [28o 48’ 33.04 S; 32o 02’50.25”E] (Geomeasure, 2014); the 

development of sites that will be serviced by water mains, roadways and a railway line also shown 

in Figure 1. To assess the potential impact of proposed development on the local aquifers in the 

South Dunes, where there is limited data, it has been necessary to establish the extent and 

variability of the groundwater domain that is likely to be influenced by the proposed developments 

and to translate this potential impact to vulnerable aquatic environments. Since the groundwater 

system is dynamic and changes with the seasons and under different anthropogenic conditions, it 

is necessary to establish the magnitude and variability in the controlling factors that determine the 

flow patterns in the various aquifers. 

4.1. HYDROGEOLOGY 

The hydrogeology of the site comprises the extent and form of the aquifers that determine the 

storage and transmission of groundwater from source (mainly recharge) to sinks where it is 

generally discharged in surface water bodies. The main source of data for determining the 

hydrogeology is derived from groundwater exploration (drill logs and/or geophysics). No 

geophysical data for the study has been located and the borehole logs and water level 

measurements have been acquired from the following projects; 

 DLP (1998) installed, logged and conducted hydraulic tests on a borehole at WB1 near 

the tipper site on the south east section (Figure 1). The borehole log is given in 

Appendix 1. 

 The HRU installed two monitoring boreholes (Table 1) in the south dunes area for 

TNPA in 1998. The borehole logs and the available water elevation record for both 

boreholes are given in Appendix 1 and 2. Blow yield for both boreholes are shown in 

Table 1. 

 Several boreholes have been developed in the RBCT site (Figure 1) but these fall 

outside the zone of impact for the proposed development. No logs have been made 

available for these sites. Nevertheless, the available water level elevation 

measurements have been used in the calibration of the model in previous and the 
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current project. 

 The regional lithology for the coastal zone (Appendix 1) has been well established 

(Roberts et al, 2006; Botha and Porat, 2007)) and has formed the basic conceptual 

model of the south dunes hydrogeological model. 

 

Table 1. The location of the identified monitoring boreholes in the South Dunes study area.  

BH ID Depth 

(mbgl)  

Elevation 

(mamsl) 

Latitude Longitude Blow 

yield 

(l/hr) 

NPA-4 26 5.559 -28.82524 32.04596 2050 

NPA-5 26 6.614 -28.82024 32.06084 2600 

WBH1 22 2.82 -1037223.7 3190317  

 

Previous studies have identified several aquifer units (hydrostratigraphic units) that may 

influence the hydrodynamics of the groundwater system and its interaction with the aquatic 

environment in the South Dune area (DLP, 1998, 2002; HR&TS, 2008 and Geomeasure, 

2014). These studies together with others (Roberts et. al. 2006; Worthington 1987) have 

provided information and data to establish the main aquifer units and derive estimates of 

their hydraulic properties. According to these reports, the conditions in the study area 

(represented by WBH1) are characterised by an upper unconfined aquifer and a lower 

partially confined aquifer separated by a silty layer. However, the majority of the South 

Dunes area is characterised by predominantly unconsolidated conditions (DLP. 21998). 

Pump tests at WBH1 indicate that the sands that predominate in the area are highly 

permeable with an hydraulic conductivity of approximately 16m/day and an average 

storage coefficient of 0.07 (DLP 1998). 

Geohydrological studies in the Richards Bay area (Kelbe, 2010; Kelbe and Germishuys, 

2010) have described the strong linkages between the terrestrial, the aquatic, the ecological 

and the marine environments. In many cases the stream, lakes and wetlands in the coastal 

region are controlled by the groundwater dynamics. Any change in the recharge, discharge 
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or groundwater storage (i.e. phreatic surface) will directly impact these surface aquatic 

environments (Kelbe et al, 2015).  

The available borehole logs for WB1, NPA4 and NPA5 provide a geological transect 

across the south dunes (Figure 2) that forms the basis of the hydrogeological model 

development. The coastal region area is covered by unconsolidated sand/sandy clay layers 

of recent sediments that overly the deep (>60m), lower permeable, mudstone/siltstone 

Cretaceous Formation that are considered to form the base of the main aquifer.  However, 

the Cretaceous sediments have been deeply eroded in the Mhlathuze basis and infilled with 

alluvium that may underlie the south dunes. A preliminary, four layer stratified 

groundwater model of these lithological units has been created for the entire Richards Bay 

area that has been adopted for this study as illustrated in Figure 2.   

 

 

Figure 2. The vertical geological cross-section across the South Dunes area. 
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4.2. GEOHYDROLOGY 

The topographic profile (DEM) was derived from the 5m contours from the Dept. of Survey 

and Mapping. These contours are assumed to have been generated prior to the development of 

the current infrastructure in the study site and do not accurately portray the current topography. 

However, the main geohydrological features have been established although the exact 

elevation are expected to be within 1m of the actual elevation. The DEM is the main limiting 

variable in the demarcation of the surface water features. 

The main hydrological features in the study area are the marine and estuary zones represented 

by a coastline that is assumed to have a permanent water level elevation of 0.0mMSL. There 

are also several shallow depression where the groundwater becomes exposed forming a 

wetland. These surface depressions (wetlands) do not have any surface streams flowing into or 

draining the wetland. Consequently, it is assumed that these wetlands are areas where the water 

table is exposed in topographical depressions. The associated vegetation types that signify 

wetlands are shown in the section under Land Cover that was surveyed by the INR for the 

Local Municipality (Figure 3). 

4.3. LAND COVER 

Land use and land cover have a significant impact on the recharge and evaporation processes 

so it is necessary to include these processes in the model development. A land cover map by 

INR at UKZN was produced for the Richards Bay region in 2004 that has been used to establish 

broad land cover zones across the study area (Figure 3).  It is assumed that the land cover has 

not changed substantially since this study was conducted in 2004. 

The main land cover features have been classified into 21 broad land type classes (see Table 

in Figure 3) for the model and used to partition the rainfall into interception and infiltration 

components. They have also been used to establish the probably root depths and “crop” factors 

for simulating evaporative losses from the aquifer. 



GEOHYDROLOGY- RICHARDS ABY SOUTH DUNES WUL LICENCE STUDY 13 

 

 

 

Figure 3. The Land cover categories derived from the INR study. 
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4.4. RAINFALL AND EVAPORATION 

Rainfall data is required to estimate the groundwater recharge rate. Rainfall data for the past 

few years has been acquired from RBCT and supplements with rainfall records from 

surrounding areas (Richards Bay, UZ and Port Durnford). The derived monthly rainfall series 

for the past 10 years is shown in Figure 4. However, the simulation period was extended back 

to January 1999 to include extended periods of wet and dry conditions. This included some 

heavy rainfall events in Richards Bay when more than 500mm was recorded in November 

2000, but it did not extend back sufficiently to include the 1987 cyclonic floods.  The monthly 

series in Figure 4 indicate a possible declining trend in recharge that may lead to a similar trend 

in the water table.  

 

The Department of Water and Sanitation (DWS) pan evaporation data for Lake Mzingazi in 

Richards Bay was used in the model simulations. The monthly pan evaporation rates are shown 

in Figure 5. 

Figure 4. The rainfall record from 2004 for the South Dunes region. The linear regression through this short 

record indicates a general decline of about 1% over the 10 year period. 

Figure 5. The measure pan evaporation at DWS Station:Mzingazi in Richards Bay. 
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4.5. GROUNDWATER MONITORING 

The water level elevation in the South Dunes has been monitored at various times by different 

organisations. A borehole was established by DLP (2002) at WB1 in the study area but it has 

not been possible to locate this monitoring point. However, the water level was recorded at 

1.95maMSL in 1998 by DLP (2002). Two additional (surveyed) monitoring boreholes were 

install by HRU for the National Port Authority in 2004 at NPA4 and NPA5. A short record of 

the water level elevation exists for NPA4 but the borehole could not be located. The monitoring 

borehole at NPA5 in the central dune along the main road has been monitored at various times 

since 2004 and forms the main reliable data set for calibrating the groundwater model. There 

are also several monitoring boreholes in RBCT (BH1-6) and three new shallow ones installed 

in 2014 by Geomeasure (GWM). All these monitoring points are shown in Figure 1. 

Unfortunately the three new sites have not been surveyed and can only provide the depth from 

the surface to the water table and not the elevation of the water table. 

5. GROUNDWATER MODEL 

It is not feasible to measure the groundwater fluxes and derive the flow velocities (speed and 

direction) without considerable financial and logistic support. While the previous geohydrological 

study by Geomeasure Group (2014) has established three groundwater monitoring sites in the 

upper, shallow aquifer, they have not been surveyed and are not sufficient to establish the flow 

direction in the study area. Similarly, the other identified monitoring points shown in Figure 1 are 

located in the deeper aquifers and have very limited measurements. Consequently it is necessary 

to adopt a more pragmatic method of deriving these variables through the development, calibration 

and validation of appropriate mathematical (numerical) models of the hydrological system based 

on a well-grounded conceptual model formed from sound physical principles and supporting field 

measurements. The methodology for determining the hydrodynamics of the groundwater system 

in this study has adopted the development, calibration and application of a numerical 3D 

groundwater model. The numerical model has been developed on the basis of a conceptual model 

derived from various published studies for the region and field work to support, evaluate and 

develop a comprehensive understanding of the hydrology and hydrodynamics of the South Dunes 

water resources system. This approach has been used to study the geomorphic settings of various 

wetlands in the Zululand Coastal region by Kelbe et al (2015). To achieve this it is necessary to 
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establish the water table profile and the base level elevation of the land surface. This approach 

would enable the study to; 

 Establish a detailed profile of the groundwater storage (water table elevation/phreatic 

surface) and its variability to evaluate the direct hydrological influence on wetlands and 

drainage features such as streams, lakes, estuaries and the ocean shoreline, 

 Determine the flow patterns and solute transport pathways to evaluate sources and sinks of 

solutes in the system that may emanate from various land uses, and 

 Enable impact studies of proposed anthropogenic processes. 

The hydrogeology of the study area comprises different aquifers formed by the various 

hydrostratigraphic units underlying the South Dunes. In unconfined aquifers, groundwater 

dynamics is controlled by the hydrogeological formations interacting with the surface water 

features forming the drainage boundaries. In the deeper hydrogeological profiles, the storage 

element (hydrostratigraphic unit) could form confined or partially confined (leaky) aquifers with 

reduced linkages to the surface water features. These aquifers respond in different ways to the 

recharge and discharge (inflow and outflow) processes that regulate the change in groundwater 

storage. The most pragmatic approach to an assessment of the groundwater dynamics and to assess 

the impact of anthropogenic actions is through the development and application of a suitable 

groundwater model that takes into account all the relevant hydrogeological and hydrological 

processes. The groundwater model is a synthesis of a conceptual hydrogeological model 

configured to interact with the relevant surface features such as rivers, lakes, wetlands, ocean and 

anthropogenic activities.  

 

The groundwater model has been developed as a transient system in three dimension based on 

information extrapolated from available data collected from previous studies and updated with 

more recent data for the study area. The model is driven by available rainfall and evaporation data 

and estimates of the controlling drainage boundaries derived from available sources.  

The calibrated model is expected to be adequate to assess the impact of infrastructural 

developments on the wetlands. The model development will identify important hydrological 

features that need to be monitored in the future. 

Background data obtained for this study include the following 
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 Groundwater Specialist study for the South Dunes Coal Terminal Environmental Impact 

Assessment by DLP (1998) 

 Groundwater modelling results for the entire Richards Bay area from the Hydrological 

Research Unit at the University of Zululand between 1998 and 2012. 

 Hydrology and Water Resources of the Richards Bay EMF Area in 2010 

 Geohydrological Investigation-South Dunes storm-water channel- Richards Bay-

Mhlathuze Local Municipality (Geomeasure Group, 2014) 

 Groundwater studies of the south dunes for RBCT in 2008 and 2011 by HR&TScc 

The latter data source is confidential and only the model for the region from this study are 

incorporated in this report.  

The model chosen for this study is MODFLOW 2000 that has been developed by The US 

Geological Survey (USGS) over several decades. MODFLOW (Harbaugh, 2000) is a finite 

difference, water balance, numerical model that simulates the redistribution of groundwater 

between the recharge and discharge zones. An accompanying suite of models links the aquifer to 

the recharge process (mainly rainfall) and the discharge boundaries (rivers, lakes, ocean and 

evaporation). Only the evaporation and specified head boundaries have been applied in this study 

(Banta, 2000) because there are no identifiable streams or lakes. 

The model was configured as a 4 layer model using a 10m by 10m finite difference grid. The 

surface profile of the four main aquifers interpolated from limited borehole logs (Figure 2) defined 

the extent of the four main hydrostratigraphic units. It has not been possible to measure the 

recharge to groundwater in this study. Nor has it been possible to calibrate the recharge as part of 

the groundwater balance because there are no discharge points (e.g. streams) that can be monitored 

in the study area. Consequently, the recharge has been estimated as a proportion of the incident 

rainfall from other studies by Kelbe and Germishuyse (2010), Kelbe (2009) and Kelbe et al (2013) 

for Richards Bay. While this approach does provide a reliable prediction of the groundwater 

storage from calibration studies, the recharge and derived hydraulic properties are not unique and 

cannot be used for other predictions in this study. 
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It was not possible to calibrate the recharge rate so the recharge from the effective rainfall (rainfall-

interception losses) for each land cover category was assumed from modelling studies by Kelbe 

(2010) in the Richards Bay area. 

5.1. INFRASTRUCTURE 

The principal study area is the South Dune Complex in Richards Bay is shown in Figure 1.  

The proposed storm water channel extends from [28o 50’14.33”S; 32o 02’50.24 E] to [28o 48’ 

33.04 S; 32o 02’50.25”E] (Geomeasure, 2014). However, option 2 of the development 

restricted the storm water channel from the central region to the coast. The base of the channel 

starts with a width of 19m and at an elevation of 0.5m below the existing ground level of 

3.5mMSL. The channel base slopes at an average gradient of 1:500. The outlet from the storm 

channel at the shoreline has a width of 4m and a depth of 3.5m to drain into the sea at an 

elevation of 0.2m.  

The base of the channel was configured using the drain function in MODFLOW as a freely 

draining system with a hydraulic conductivity of 10m/d that is comparable to the underlying 

aquifer properties. 

5.2. MODEL CALIBRATION 

The model’s hydraulic parameters were calibrated using the steady state model without the 

storm water channel, by systematically adjusting the hydraulic conductivity in the aquifers 

until the predicted water level elevation at the available monitoring points was in close 

agreement with the measured values.  With the exception of NPA4 and NPA5, no other 

monitoring site had more than one or two measurement. Unfortunately the more recent 

measurements for these two TNPA sites have not been made available for the completion of 

this report. Any example of the level of agreement at NPA5 is shown in Figure 6 where the 

simulated head is generally within 0.25m of the measured values. This borehole lies near the 

central groundwater dome further from the drainage boundaries and would be expected to vary 

more than the other sites that are controlled by the hydraulic boundaries. Consequently, it is 

assumed that the mode predictions are sufficiently reliable to evaluate the anthropogenic 
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impacts on the groundwater system from proposed developments. 

 

5.3. MODEL VALIDATION 

Other than the water level elevation (depth) measurements, there are no other hydrological 

measurements that can be compared to the predicted ones as part of the validation process. 

However, this modelling approach has been used to identify the hydrogeomorphic setting of 

potential wetlands in northern KZN (Kelbe et al, 2016). Consequently, the predicted areas of 

inundation under various hydrometeorological conditions has been used to compare the model 

predictions with known wetlands in the study area. 

The predicted areas with a shallow water depth of <2m are assumed to indicate sufficient 

hydrogeomorphic conditions for the formation of permanent wetlands.  These probable 

wetlands sites are plotted in Figure 7 and show good agreement with the ones identified in the 

Land Cover map by INR plotted in Figure 3. The areas with light blue shading are zones of 

water table exposure and would indicate the presence of wetlands. 

The close agreement between the measured and simulated water level in the monitoring 

boreholes and the agreement between the shallow water table and the occurrence of wetlands 

Figure 6. A plot of the measured (triangle) and predicted (line) water level elevation (mMSL) at NPA5 for the 

simulation period. The red lines indicate the 0.25m error bar for each measurement. 
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is assumed to be sufficient to evaluate the geohydrological conditions and the impacts of 

development in the South Dunes area. 

 

 

6. SIMULATED PREDICTION FOR THE CURRENT CONDITIONS. 

The water table elevation under average hydrological conditions for the simulation period is shown 

in Figure 8. The standard deviation in the transient water table profile is shown in Figure 9. Since 

2000, the water elevation across the south dunes has varied by less than 1m near the groundwater 

dome. The changes in elevation near the drainage boundary are small because they are controlled 

to a large extend by these boundaries.  

The maximum water level and minimum water level for the simulation period between 1999 and 

2015 are shown in Figures 10. The zones with light blue colouring in Figure 10 show the predicted 

area with exposed water. There are several areas within the proposed lease site that could become 

inundated with groundwater under extreme rainfall events. 

 

Figure 7. The simulated depth to the water table indicating the suitable geomorphic conditions for the 

development of wetlands in the South Dunes. 
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Figure 8.  The contours of the water table elevation for the south dunes area under average conditions, 

Figure 9. The standard deviation in water level elevation (m) derived from the 10 year simulation period from 1999 

to 2015. 
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The groundwater flow pattern given in Figure 8 and 10 shows the main groundwater dome that 

flows in a radial pattern to the surrounding drainage boundaries (Indian Ocean, Mhlathuze Estuary 

and Richards Bay Harbour). These flow patterns were used to estimate the pathway of contaminant 

particles that would intercept sensitive wetland areas. 

Figure 10. The simulated minimum (top) and maximum (bottom) water table conditions between 1999 and 2015. 
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7. MODEL APPLICATION 

The groundwater model has been calibrated to provide transient estimates of the water table 

elevation across the entire South Dunes area that are sufficiently close to the observation values to 

enable an assessment of the groundwater dynamics over the past decades and to make predictions 

of the likely zones of influence from the proposed developments in the study area.  

7.1. IMPACT STUDIES 

The model predicted that the proposed storm water drain may intercept the groundwater mound, 

particularly under wet conditions creating slow but persistent flow in the channel. There was 

approximately 0,010 to 0,015 m3/s of groundwater discharge predicted through the proposed 

storm water channel during the early period from Jan’1999 to Jan’2003 which dropped slightly 

to about 0.07 to 0.01 m3/s between Jan’2004 and Dec’2008. Since then the baseflow would 

have been less than 0.006 m3/s (Figure 11). The highest discharge rate of 0.018 m3/s would 

have coincided with the heavy rainfall in Jan’2000. 

 

7.2. CONTAMINANT TRANSMISSION TO RECEIVING WATERS  

The potential areas that could be impacted by the proposed developments can be identified 

using particle tracking techniques where it is assumed that an arbitrary contaminant particle 

originating in the vicinity of the development sites will travel through the groundwater system 

along the average flow trajectories to a receptor site. MODPATH (Pollock, 1994) was used to 

Figure 11. The predicted baseflow in the storm water channel for the past 15 years. 



GEOHYDROLOGY- RICHARDS ABY SOUTH DUNES WUL LICENCE STUDY 24 

 

simulate the path of a particle released from specific point in the system and then track its 

movement driven by the advection process within the groundwater.  

The particles were placed on the groundwater surface along the length of the storm water 

channel at approximately 100m intervals and released at the start of the model simulation 

(1999). Similarly, particles were released from the surface area of the two development sites 

(4 and 5). The predicted particle trajectories are shown in Figure 12. The red section of the 

particle trajectories (pathlines) indicates the predicted presence of the particle moving through 

the top layer. The black and blue portions indicate that the particle had moved to deeper 

aquifers and may pass beneath the wetland. 

 

The model indicates that a short section of the storm water channel lies directly upstream of 

the northern wetlands and any contaminant released into the storm water channel could affect 

the wetland. The pathlines for particles emanating from sites4 and 5 do not reach the northern 

Figure 12. The simulated particle tracks from surface points along the storm water drain (straight black line) and 

from within the two proposed development sites. The wetland are shown by the green outlines. The red traces 

indicate that the particles remain in the upper surface layer, while the black and blue sections of the trajectories 

indicate tracks that have penetrated into the deeper aquifers. 
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wetland but are advected along pathlines that go almost directly to the Indian Ocean (Figure 

12).   

The model also indicates that any contaminant that is released into the groundwater along the 

storm water channel are more likely to be transmitted beneath the wetlands through the deeper 

layers for the northern the wetlands.  

8. CONCLUSION 

The groundwater model was developed, calibrated and applied to the past 10 years of rainfall and 

evaporation measurements. The model simulates the water level elevation at nearly all the 

monitoring boreholes within acceptable limits (± 0.25m) and predicts the location of exposed water 

surfaces and shallow water table zones at various time during the simulation period since 1999 at 

the location of the wetlands.  Consequently, the model is considered adequate to establish the pre-

development phase of the Transnet infrastructural developments and make some reliable 

predictions for the post-development phase. 

The depth and location of the beginning of the storm water channel is located below the predicted 

ground water mound under average conditions and will act as a seepage zone. The model predicts 

that the storm water channel is likely to act as a groundwater drainage boundary, releasing <0.01 

m3/day under average groundwater conditions.  

The particle tracking model indicates that any contaminants that are released into the surface of 

the storm water channel and the two development sites (4 & 5) are likely to pass directly beneath 

the wetland under normal geohydrological conditions. 

9. RECOMMENDATION 

 The model is sufficiently accurate to predict the water table elevation profile across the 

model domain but the surface topography is derived from 5m contours with less accuracy. 

Since the depth to the water table relies on the surface topography, it is recommended that 
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a more accurate (Lidar) specification of the surface elevation is acquired for a more 

accurate assessment. 

 The water elevation monitoring at NPA5, WB1 (if it can be located) and the three new 

boreholes (GMW1, GMW2 and GMW3) should be conducted on a regular basis, 

preferential using continuous water level recorders at hourly or daily intervals. 

 Additional water level monitoring points should be established in all the important 

wetlands, particularly along the western edge where conditions are greatest for impacts 

from the proposed developments. 
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APPENDIX 1: GEOLOGICAL LOGS & STRATIGRAPHY 

Borehole design 

Drilling method: rotary mud; borehole diameter: 300 mm; casing diameter: 140 mm; 

construction: 1x3 m blank casing at bottom & 2 x 3 m blank casing at top, remainder of 

hole fitted with slotted casing; gravel pack: 1-3mm sorted/graded sand 

Depth (m) NPA4 NPA5 

Total Depth m 26 26 

Static WLV 4.08 m 2.8 m 

Blow yield (l/hr) 2050 2600 

0 

Disturbed yellow coarse to medium 

sand with shell fragments 
Orange brown medium to fine sand 

1 

2 

3 

4 

5 
Grey sand 

6 

7 
Orange fine to medium sand with 

some clay 

Light to dark grey medium to coarse 

sand with a little fines 

8 
Dark grey fine sand and silt 

9 

10 

Light grey/ yellow fine to medium 

sand with shell fragments 

11 

12 
Light grey medium to coarse sand 

with shell fragments 
13 

14 

15 

Light to dark orange fine to coarse 

sand 

Light orange to yellow fine sand with 

light grey very fine sand/silt 

16 

17 

18 

19 
Orange sand/silt/clay 

20 Light brown med. To very coarse 

sand 21 

Dark green/olive fine silt/clay with 

gravel and sand at 25 & 26 m 

22 

Olive green silt and clay with some 

coarse sand 

23 

24 

25 

26 
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Stratigraphy of the coastal region of KZN 
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APPENDIX 2- THE MEASURED WATER LEVEL ELEVATION FOR NPA4 AND NPA 5. 

 

Date NPA4 NPA 5 

26 Apr 2004 1.479 3.81 

3 Aug 2004 1.35 3.05 

18 Aug 2004 1.2 3.02 

8 Sep 2004 1.52 3.30 

28 Sep 2004 1.25 3.29 

12 Oct 2004 1.28 3.14 

28 Oct 2004 1.11 3.11 

29 Nov 2004 1.16 3.12 

11 Jan 2005 1.15 3.10 

7 Feb 2005 1.11 3.10 

15 Mar 2005 1.25 3.30 

31 Mar 2005 1.28 3.28 

20 Apr 2005 1.06 3.27 

16 May 2005 1.14 3.39 

2 Jun 2005 1.09 3.12 

4 Jul 2005 1.37 2.97 

21 Jul 2005 1.06 3.39 

11 Aug 2005 1.24 3.29 

9 Sep 2005 1.26 3.17 

4 Oct 2005 1.12 3.04 

8 Nov 2005 1.14 2.98 

29 Nov 2005 1.06 2.78 

12 Jan 2006 1.06 2.84 

8 Feb 2006 1.02 2.78 

7 Mar 2006 1.17 2.91 

17 Mar 2009  3.10 

15 Jul 2009  3.00 
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