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EXECUTIVE SUMMARY 
 
Historically the approval of the development along this stretch of the coast has resulted in a very 
narrow building setback line being established.  Homes have been built on erven on the primary 
dunes of the Keurbooms beaches / dune systems, with the result that during periods of erosion 
beach sediments have been eroded from the dunes immediately in front of these homes – causing 
a potential threat to their stability.  As a response to this erosion the homeowners have 
requested that some form of protection be constructed limiting the threat to their homes. 

SANParks require that beach erosion is looked at holistically and not on an ad hoc basis from one 
property to another.  Sleeping protection measures have been suggested along the affected 
areas.  It was proposed to install a gabion type protection beneath the dune immediately in front 
of the property boundaries.  As such, only the use of gabions as a protection measure was taken 
into account in this study.   
 
The proposal has been amended 2018 to consider a rock revetment or sand bag sleeping 
protection for the same purpose that the gabions were considered in the earlier study.   
 

Detailed profiling was carried out to determine the extent of these frontal dunes for the purpose 
of design and layout of the protection measures.  A description of the Keurbooms dune dynamics 
was highlighted, including the limitations of sediment supply to these dunes and a comparison of 
historical photography was made to determine the extent of any changes to the frontal dune 
system.  The ecological implications of constructing gabions / revetments above and below the 
mean high water mark were highlighted as was the angle of the final gabion wall / revetment.       

Due to the dynamics of these dunes and their steep dune ridges, this existing coastal development 
and the construction of gabion retaining walls might threaten the integrity or functioning of the 
remaining dune system.  Surveyed profiles show the limited horizontal space available for both 
construction of the protection measures and rehabilitation of the dunes, to a more-or-less natural 
state.  These dunes are highly dynamic, experiencing periodic events of erosion and accretion.  
However, the source of sediments to these dunes might be a limiting factor in successful 
redevelopment of a naturally occurring frontal dune system.  Some sediment sources and paths 
of migration have been restricted as a result of human activities.  Historic evidence showed there 
was more sediment during the 1940’s than at present, supporting the evidence for a reduced 
sediment supply.  

 
Given the relatively small horizontal distance between the houses and the erosional slip-faces of 
the fore-dunes there is a conflict between protecting the existing naturally occurring dune 
vegetation and the required construction works needed for a protection system.  Similarly, the 
angle of the gabion wall will determine whether a naturally functioning fore-dune / beach 
interface can be successfully established. 
 
Although this report discusses the potential implications of gabions as a protection measure, there 
are numerous other “softer” management alternatives that might be considered – even perhaps 
in conjunction with the gabion option.  A process of impact assessment could be used to 
determine the best options to be carried out.  Management plans after the final design phase, 
and before the commencement of the works should be developed to facilitate best practices, and 
optimum rehabilitation. 
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Based on the current options being considered, the rock revetment offers the least impact and 
will allow the most efficient rehabilitation of the dune system over the sleeping protective 
measures due to the slope and the voids between the rocks which will allow for active root growth 
from the overlying sand layers and into the rocks.  
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1. INTRODUCTION 

 
A study was undertaken of the Keurbooms coastal dune system, with specific regards to the 
current observed erosion, subsequent loss of stabilising dune vegetation and the potential threat 
this erosion could have on the adjacent homes (see Figure 1 below).   
 
There is a problem of current beach erosion, and a potential for greater future erosion, which 
threatens the beachfront properties along this easterly section of the Keurbooms beach and dune 
area. This predicted increasing threat has been noted in the years subsequent to this original 
report.  
 
SANParks require that beach erosion is looked at holistically and not on an ad hoc basis from 
property to property, and they prefer the solution to be in the form of a "sleeping protection".  
As such the Home Owners Association of Keurboomstrand together with the Municipality are 
looking at a beach protection measure that will act as a "sleeping protection" for these homes as 
a whole.  It is proposed to install a gabion type / rock revetment / sand bag wall protection 
beneath the dune immediately in front of the property boundaries.   
 

1.1  Study Methodology 

 
Detailed profiles were surveyed from the property boundaries to approximately one meter depth 
of water below Mean High Water Mark (MHWM).  These profile diagrammes determine the 
horizontal extent, or available space, of these frontal dunes for the purpose of design and layout 
of the protection measures.  The profiles also show the length of the swash zone to the foot of 
the fore-dune, providing an indication of the erosivity of wave action. 

A geographical information system (GIS) was used to plot the surveyed data, showing a detailed 
diagramme of existing contours and slopes (a GIS slope analysis).   

A description of the Keurbooms dune dynamics was highlighted, including the limitations of 
sediment supply to these dunes.  Potential sediment sources were investigated and concluding 
remarks made as to their ability to provide sufficient sediments to the Keurbooms beaches and 
dunes.   

A comparison of historical photography between 1940 and 1990 aerial photography was made to 
determine the extent of any changes to the frontal dune system.   

The ecological implications of constructing gabions above and below the mean high water mark 
was highlighted and the angle of the final gabion wall / revetment.      
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1.2  Coastal Issues 

 
There are several physical factors that affect the soft coast lines, and which in turn impact on 
people and their properties – specifically those properties that are built in close proximity to the 
high water mark and with a limited building setback line.  It is these properties that are subject 
to potential coastal erosion caused by, (1) climate change, (2) sea level rise, (3) dune erosion and 
then (4) receding position of the high-water mark.  Generally, this process is a longer term 
process than a cyclic eroding / accreting shoreline, which is a significantly shorter term process. 
However, given the annual rate of sea level rise, combined with decreased climatic stability and 
larger storm wave conditions all working together the long-term outcome is for increased coastal 
erosion and continued receding high water lines. 
 
With continued receding high water marks the National Environmental Management: Integrated 
Coastal Management Act (No. 24 of 2008) states that land seaward of this surveyed high water 
mark is coastal public property and cannot be privately owned.  This has implications for the 
property owner whose seaward boundary is gradually moving closer to his house. 
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Figure 1. A sequence of photographs from west to east along the study site.  In each of these 

images the lack of frontal hummock dunes is obvious.  Beach erosion has created a swash 
zone to the toe of the fore dunes, creating, in many cases, and erosional slip face. 
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1.2  Terms-of-Reference 

 
The following Terms-of-Reference (ToR) was provided as a framework for this study. 
 
1. Sleeping protection that is in place but not visible, except at times of extreme erosion, 

which will allow the dune to function naturally as possible, 
2. the sleeping protection is then covered with a rehabilitated dune (hummock and primary 

dune), 
3. the remaining dune vegetation that exists on the primary dunes (where it is still in place) 

is not to be disturbed,  
4. the protection will be placed seaward of this vegetation and then rehabilitate up to and 

including the existing vegetation, 
5. to create a dune buffer zone that can erode and accrete naturally.  
 
A dune specialist report is required, indicating; 
1. the sensitivity of these dunes,  
2. the dynamics of the natural system which is impacting on the built environment,  
3. the impact of the proposed protection methods,  
4. any recommendations that need to be taken into account when proposing the protection 

measures or designing them,  
5. recommendations for rehabilitation of the dunes after the protection measures are in 

place,  
6. any recommendations necessary for environmental management during the construction 

process relating to movement on the beach, damage to vegetation or the dune 
environment,  

 
The engineers will be providing coastal engineering recommendations and final design details of 
the proposed structure(s).  
 

1.3  Approach to this study 

 
Dune stabilisation, for whatever reason, composes a range of possible alternatives.  On a scale 
of least impact through to the greatest impact alternatives are; sand and indigenous vegetation 
as a form of beach replenishment, using sand fences from natural material, through to hard 
concrete walls.  In the ToR above the proposal is to install a rock revetment/ sand bag / gabion 
type protection beneath the dune immediately in front of the property boundaries, as a form of 
sleeping protection.  Gabions (loose packed rock in wire cages) could possibly fit in between 
the two extreme alternatives above, as do rock revetments and sand bags.   
 
Various tools were used as aids to the compilation of this report; these include , the use of aerial 
photography, a Geographical Information System (GIS), survey data, knowledge of the local coastal 
processes, published data and reports, research reports and site visits. 
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2.  GEOGRAPHICAL LOCATION 
 

2.1  The Greater Plettenberg Bay Area 

 
There are approximately 50% rocky shores and 50% sandy beaches / dune-fields, along the South 
Cape coastline from Mossel Bay in the west to Natures Valley in the east.  The rocky coastline is 
known to be resilient when compared to the fragile “soft” dune coastline.  On both types of 
systems highly endemic plant and animal species occur, which have adapted to environmental 
temperatures, precipitation and salt laden onshore winds. 
 
The dune system, situated between Plettenberg Bay in the west and Natures Valley in the east, is 
a typical half-heart bay consisting of a series of more-or-less parallel ridges approximately 10 km 
long.  The vegetation of these dunes is typically Coastal Dune Fynbos and Dune Thicket. 
 

2.2  Eden District Municipality Sea Level Rise and Flood Hazard Risk 

Assessment Report 2010. 

 
It is pertinent at this point to highlight the necessity of taking the recently published Eden DM Sea 
Level Rise and Flood Hazard Risk Assessment Report of 2010 into account when planning and 
commencing with any works along the Keurbooms coastline.  This report highlights sea level rise 
induced coastal erosion and inundation, ground water contamination from saltwater intrusion the 
effect extreme coastal events might have on the coastal zone.  Of the 36 Coastal Management 
Units determined in the report the easterly section of the Keurbooms beaches falls within the 
category B4 (Keurboomstrand) Bitou Local Municipality.  
 
The Plettenberg Bay to Nature’s Valley area has been ranked as being most at risk to potential sea 
level rise induced coastal erosion and inundation, with the Keurboomstrand (B4) being at high risk 
from extreme coastal events such as large storm surges.  Cognisance of the vulnerability of this 
coastline must be taken into account when designing, implementing and managing any erosion 
prevention measures.   
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Figure 2. Location of the Keurbooms dune system along the southern Cape coast of South Africa, 

within the Garden Route and within Plettenberg Bay. 
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Figure 3. Location of the study site in relation to the Keurbooms frontal dune system, the existing 

development of the site and a detailed overlay of the current erven boundaries within the 
study site. 
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3. ENVIRONMENTAL FACTORS AFFECTING COASTAL DUNE SYSTEMS 
 
From a physical perspective, dunes play a critically important function as a natural buffer between 
the sea and terrestrial environments.  It is the coastal dunes that erode and build up during 
periods of erosion and accretion, protecting the environments behind them from either erosion 
or sand inundation.  Without coastal dunes, man-made structures within or behind this dynamic 
and soft environment would be at risk of being destroyed - and with predicted sea level rise, 
numerous coastal structures are at risk of being undermined by the sea and will eventually be lost 
to the sea.  From a human perspective coastal dunes form a critical buffer in protecting 
structures located behind them.  

Physically, coastal dunes are sensitive to disturbance caused through destabilization of the 
vegetation.  This occurs naturally through coastal erosion processes and wind movement, 
forming blowout zones.  The mobile sections remain active movement zones and the vegetated 
slope behind are more stable.  

 

3.1  Climatic conditions 

 
Dealing with climate change there are numerous gaps in our current knowledge.  There is no 
definitive indication of the extent climate change is going to affect this particular section of the 
coast. The conclusion is that there is going to be sea level rise, and over the next 40 years the rise 
in mean sea level is significant enough for coastal communities to be concerned about their beach 
front properties.  The assumption is made that with a sea level increase there will be an increase 
in the erosive activities along the coastal zone.  Storm surges will extend further inland and dune 
zones will need to function more and more as buffer zones of the activities taking place in the 
coastal surf zone.  
 
With wind data obtained from a weather station on Robberg peninsula, the orientation of the 
natural blowouts occurring on the Keurbooms dunes indicates a change in alignment from the 
westerly section of the dunes, having a south-easterly orientation, to the eastern section of the 
dunes which has the typical south-westerly orientation.  This change in orientation does occur 
within the half-heart bays along the Cape coastline. 
 

3.2  Sources of sand for Coastal Dunes 

 
Most coastal dunes are formed from sand produced and delivered to the coast by rivers draining 
from inland catchment areas.  The major source of sand started to decline about 10,000 years 
ago towards the end of the last Ice Age, and during present day supplies have significantly 
decreased in the rate of supply to the beaches.   
 
This Southern Cape coastline has, generally, rocky cliffs interspersed with sandy bays and beaches.   
The near shore seabed along much of this coastline has little fresh sand for the beaches, and it is 
expected that much of sediment recruitment is from re-worked sub tidal sediments from within 
the sub tidal zone.  Some rivers still supply sand to the coastline, although much of this settles 
out in estuaries and river mouths, where after it may move in pulses along the coastline through 
episodic climatic events.  Due to the geomorphology of half-heart (crenulate) bays (as is 
Plettenberg Bay) large quantities of sediment are still within the embayment, as a potential 
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sediment source for the dune systems that are associated with the bay.  Sediment supply into 
the bay, however, is significantly reduced since the last ice age. 
 

3.3  Sand loss from Coastal Dunes - Dune Erosion 

 
It is now generally accepted that globally sand is being continually lost from near-shore coastal 
areas, specifically within the inter-tidal zone.  Waves erode and transport beach material into 
more sheltered areas, such as estuaries, or carry it offshore to settle out on the continental shelf.  
The rate of nett sand loss from beaches around the world, in general, is exceeding the supply near-
shore sediment, which is resulting in coastal dune erosion and long-term landward retreat of the 
high-water mark.  
 

A further cause of coastal erosion is the rise in global mean sea level with the inevitable tendency 
increased rates of shoreline migration.  It is generally accepted by environmental authorities that 
the present rate of sea level rise has been approximately 3.1mm per year (for the years 1993 to 
2003) as a result of global warming.  In the future, the consequences of global warming will result 
in the southern Cape coastline experiencing, for the first time in thousands of years, a nett increase 
in sea level, and thus, an increasing rate of coastal erosion. 
 
However, it is most often short-term episodic erosion events, caused by high winds, rough seas or 
storm surges that cause significant visible erosion, which then leads to human intervention and, 
thus, interrupting natural dynamic coastal processes.  Coastal dune systems undergo cyclical 
changes in morphology, due to seasonal weather patterns.  Under fair weather conditions (low 
wind and wave regimes), sand collects (accretes) on the upper beach and near-shore dune slopes, 
resulting in the formation of hummock dunes and primary dune systems.  During storm 
conditions (high winds, waves and near-shore currents) these small hummock dunes are removed 
by the erosive forces of wave action.  These hummock dunes are the sediment source for erosive 
periods.  When hummock dunes are not present, often as a result of a narrow beach zone (or, 
the Mean High-Water Mark having migrated landward) loose sediments are not readily available 
and the erosion forces remove sediments from the toe of the larger frontal dunes.  Slip-faces and 
erosion slopes occur resulting in a reduction of the size of the dune. 
 
Time-lapse aerial photography of all the soft coasts of South Africa has showed a general 
consistent retreat of the shoreline landwards.  The longest stretches of these eroding coasts, 
amongst others, are in the large half-heart bays of the south coast - including Plettenberg Bay.  It 
has been noted that localised accumulation of sediments are occurring in river and estuary 
mouths, the updrift side of projections, headlands, piers and points.  
 
The presence of vegetation on any portion of the hummock or fore dune system will not prevent 
erosion of that particular dune.  Vegetated frontal dunes do, however, substantially reduce the 
quantity of wind-blown sand from being transported landward and generally causes these frontal 
dunes to grow in vertical height and increase in volume.  These are stabilised dunes.  
Destabilised dunes have had the sand trapping ability of vegetation removed and the sediments 
are free to be blown inland during periods of higher wind regimes.  During periods of high 
intensity episodic wind events frontal dune systems can be markedly reduced in height and 
volume, or at least have substantial blow-out formations occurring. 
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Characteristics of dune erosion and a typical sequence of events leading to erosion of the front 
face of dunes are as follows: 
  
 1. During the initial stages of an erosive cycle the hummock dunes are the first to 

disappear, acting as the “barrier” of sand between the beach and primary dune.  
 2. Beach profiles in front of the dunes become flatter as a result of wave action (large 

waves generated by offshore storms or local winds).  
 3. The upper beach levels fall, allowing the high tide mark to reach the toe of dunes. 
 4. Waves impact directly onto the dune toe, eroding and under-cutting the dune face. 
 5. The front face of the dune collapses onto the beach, and the sand is carried down 

the beach by long-shore drift. 
 
 

3.4  Factors affecting the rate of dune erosion 

 
 1. The rate of dune replenishment. 
 2. The volume of sediment stored within the dune system. The larger the hummock 

dune the longer the period of the initial erosion event. 
 3. The intensity of erosion will be as a result of one or the combined forces of strong 

winds, rising or spring tides, moon phases, strength of local onshore winds and 
deep sea storms. 

 4. The rate of sea level rise as a result of global warming. 
 

4.  THE GREATER KEURBOOMS DUNE SYSTEM 
 

4.1 Sediment Supply to the Keurbooms Dunes 
 

The main sources of sediment supply to the Keurbooms dunes are from sub tidal pulses that 
periodically, and slowly, move landward through the action of sea currents and waves.  Sediment 
accumulation is occurring at the updrift side of a projection, in this case, the Robberg peninsula, 
where sediment is accumulating in deeper water as a submarine spit.  This is a potential 
sediment loss from the near-shore system, which in the main is not available to the Keurbooms 
dune system.  It has been noted that significant quantities of sediment (volumes unknown) are 
moving as sand waves in a westerly direction, immediately north of the Robberg Peninsula, which 
periodically supplies sediment to the beaches between Robberg and the Beacon Isle rocks. 

Immediately north of the Beacon Isle rocks is the mouth of the Keurbooms River.  This, 
historically, was the greatest source of near shore sediments to the Keurbooms beaches and Dune 
systems.  Over the last 100 years or so, and increasingly more recently, a lack of catchment 
management, agricultural practices, and many small farms dams have altered the in-stream flow 
regime of the Keurbooms river.   Sequential aerial photography shows the steady migration of 
the Keurbooms mouth migrating in a southerly direction, with an associated accumulation of 
stream derived sediments accumulating in and around the estuary.  Only relatively small 
quantities of this sediment is supplied to the dune systems.  See Figure 4 below. 
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Figure 4.  Sediment sources for the greater Plettenberg Bay area.  

Another sediment source to the dunes within Plettenberg Bay was from a naturally occurring 
“Climbing-falling” dune system on the Robberg peninsula.  However, since approximately 1936 
the encroachment of alien invasive dune plant species into the climbing-falling dune has 
substantially restricted the movement of sediment over the peninsula into the bay.  See Figures 
5, 6 and 7 below.  

 

 

Figure 5.  A sediment movement diagramme of the Climbing-falling dune system on Robberg 
Nature Reserve. (From, Hellstrom, G.B. and R.A. Lubke: 1993). 
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Figure 6. A graphical representation of the decrease in mobile sediments of the Climbing-falling 
dune system on Robberg Nature Reserve, from 1936 to 1990. (From Hellstrom, G.B. and 
R.A. Lubke: 1993). 

 

 

 

Figure 7. Decreasing surface area of sand of the Climbing-falling dune system on Robberg Nature 
Reserve, from 1936 to 1990.  Dotted line is from tombolo only, solid line is the climbing-
falling dune and the histogram is the total surface area. (From, Hellstrom, G.B. and R.A. 
Lubke: 1993). 
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4.2 Keurbooms Dune Erosion 
 

The two main types of dune erosion are surface erosion by wind action (deflation) and water 
erosion of the toe and seaward face of the dunes by wave action.  Both of these processes occur 
naturally, but with construction within the frontal dune system any visible erosion will have a 
perceived or real threat to these hard structures. 

Deflation or wind blow-outs will occur when dune vegetation is removed (normally by human 
activities) and active re-stabilisation is usually the only method to re-stabilise these areas.  Once 
begun a blow out can spread rapidly and large areas of adjacent dunes can be affected.  Wave 
induced erosion, on the other hand, is not necessarily initiated by human activities.  Large scale 
man-made impacts, further along the South African coastline, have resulted in changes in the 
dynamics of the wave patterns and long-shore drift, which will have an impact on the erosive 
ability of marine processes - but this is not the case with the Keurbooms dunes or within the 
Plettenberg Bay area.  The loss of sand from the dunes at the study site is primarily the result of 
marine derived erosive forces, and the remainder of this report will discuss this aspect. 

 

5.  CONSERVATION SIGNIFICANCE OF THE KEURBOOMS DUNES 
 
Dune Stability 
 
“Dune Stability” is a state of equilibrium where accretion and erosion are at a similar rate.  In this 
sense the Keurbooms dunes are not stable but occur in differing states of stability - depending on 
the time of year and cycles of accretion and erosion.  Vegetation tends to “stabilise” a dune 
system from the hummock dunes, having their own specific stability, through to the inter-dune 
slacks and back dunes.  The further the landward progression the more stable the dune system.  
 
Human activity and disturbance causes instability by interrupting these cycles and interference of 
the state of vegetation homeostasis. 
 
Dune Sensitivity 
 
The Keurbooms dunes have been classified as retentive dunes (Rust & Illenberger, 1996) where 
sand accumulation within vegetation is dominant over other dune processes, having 
morphological types such as hummock dunes, fore-dunes, retention ridges, and precipitation 
ridges.  Wind-blown beach sands accumulate within the vegetation, as a result of decreased wind 
velocities beneath the vegetation structure.  Sand accumulates, builds up around the dune 
vegetation, and thus the dune grows in both height and width – slowly migrating landwards. 
 
Dune sensitivity is the extent to which the dune system changes in response to an external 
dynamic impact.  Those dunes that retain effects of change for a longer period are viewed as 
most sensitive, and where the impacts lead to long-term changes are considered most damaging. 
Retentive dune systems being vegetated are most susceptible to impacts.  Damage is usually 
done to the dune vegetation, causing a decrease in vegetation cover, thereby interfering with both 
the natural appearance and functioning of the dune system.  
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Dune Vegetation 
 
This dune system is unique from a local as well as a regional perspective.  Out of 17 different 
dune types occurring along the south Cape coast, this type only occurs in this area. 
 
The dune vegetation along this small easterly portion of the Keurbooms Dunes (the study site) is 
not representative of what vegetation should be occurring in the natural system, or what occurs 
along the remainder of the Keurbooms dune system. The vegetation present is all secondary 
vegetation brought about through the changes to the system through alien stabilization of the 
dune slopes for development.   The present conservation status and function is therefore 
limited. 
 
The areas of previous extensive coastal thicket in the dune slacks of this study site have mostly 
been lost to coastal development.  The dune area between the coast and the first row of houses, 
has been substantially modified.  The mobile dunes backed by a steep dune ridge (now 
vegetated) have restricted development to the top of the now vegetated dune ridge and that has 
effectively protected the mobile dunes in front of them.  The current alien invasive vegetation 
on the dunes has now taken a limited role of assisting dune formation.  The fact that alien 
vegetation1 predominates further reduces the conservation value and ecological role of these 
dunes.  The original vegetation occurs along this section of the coast in pockets.  
 

5.1  Current Status 

 
The Keurbooms dune field constitutes the largest fore-dunes along the southern Cape coastline, 
which correlates with these dunes having the largest potential rate of sand transport, (Strydom, 
1992). The irregularity of the dune ridges is indicative of episodic state and direction of the 
sediment bearing winds. 

 

 

Figure 8.  Stylised graphical representation of a Sand Rose for Plettenberg Bay area. The circles 
represent 5m3.m-1.  The light blue line is the resultant sand transport quantity and 
direction. (Modified from Strydom, 1992). 

 

Back and Fore-dune areas with established alien vegetation are subject to extensive wind erosion 
(little plant material binding the soil), whereas well established indigenous dune vegetation has 
the ability to bind the sands with extensive root mass.  Fore-dunes and hummock dunes might 

                                                           
1 Much of the historic alien vegetation has been cleared from the site since 2011.  
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also be resistant by wind erosion, but periodic beach erosion cycles and storm events will remove 
any material within the wash zone.  The grain sizes of Keurbooms dunes sediments range from 
medium to very small, and are easily transported by the erosional forces of water.  Although the 
dominant SW and SE winds may result in sediments accumulating within the near-shore area of 
dunes the movement and action of water during high tide and storm conditions will remove the 
sand from this area – regardless of whether there is established vegetation or not.      

During a cycle of beach and hummock erosion blow-outs occur resulting in pulses of sediment 
moving in direction of the dominant winds (Figure 8 above).  Keurbooms dunes are experiencing 
this erosional cycle with associated blow-outs. 

Taking into account both the stability and sensitivity of the entire Keurbooms dunes, the relatively 
little impacts that have already taken place on these dunes, and their unique geographical 
location, these dunes potentially have a large conservation value.  Any mitigation or protection 
measures at site specific locations should take the conservation value of these entire dunes into 
account during planning, design and implementation phases of any project.  

 

5.2  Current Status of the Easterly Study Portion 
 

Nine surveyed profiles (from the west to the east of the affected area) were produced from the 
surveyed data (Figure 10 below) showing the profiles in perspective.  There is a relatively small 
horizontal distance between the houses and the erosional slip-faces of the fore-dunes, and 
subsequently there will be conflict between protecting the existing naturally occurring dune 
vegetation and the required construction works needed for a protection system. 
 
The swash zone varies from over 100m to less than 40m along this section of the coastline.  It is 
evident that the shorter the swash zone the steeper the gradient of this zone, and conversely the 
longer the swash zone the shallower is this zone. The narrowness of the swash zone is also as a 
result of cusps which migrate in an easterly direction with the long-shore drift. The migration of 
these cusps results in accelerated erosion taking place in the beach swash zone.  Any episodic 
storm wave action will have greater affect in this area.  These cusps can be easily noticed all along 
the Keurbooms beach in Figure 3, image A.  In image B two cusps can be seen, with the erosion 
face of the cusp significantly closer to the MHWM than the horn of the cusp. 
 

There was relatively very little original fore-dune vegetation remaining in the study site, few well 
established hummock dunes, and with steep erosional slopes with some remaining vegetation 
clinging precariously on the dune ridges2.  The secondary dune ridges were flattened and the 
sediments used to fill in the inter-dune slack, in order to create building platforms for the existing 
houses.  Most of the natural stabilizing thicket vegetation was removed and most of the existing 
vegetation is recent in establishment.   

The Eden District Municipality Situational Analysis (RHDV, 2018) classifies the area in front of the 
Waves Complex (along the eastern Keurboomstrand coast towards the bounding headland) as 
consisting of managed dunes, immediately adjacent to the beach.  It also further states that the 

                                                           
2 At the time of the study in early 2011.  This changes as indicated with time and the appendix comparison with 
the 2018 photographs attached gives a good indication of the changes that occur between erosive events and 
accretion events, when the hummock dunes start to rebuild and dune vegetation returns and the eroded dune 
slopes start to revegetate as the dune builds up again. 
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absence of active foredunes has led to erosion of the managed dune face and the requirement for 
dune protection.  The specific area has been identified as being at significant risk from erosion 
which may undermine the integrity of existing houses and public infrastructure. 
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Figure 9.  A slope analysis and DEM of the entire Keurbooms dune field showing the characteristic 
more-or-less parallel dune ridges. All 26 profile transects are also shown in both images. 
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Figure 10.  Individual profile diagrams from the eastern portion of the study site. These profile 
diagrams are in proportion and to scale. 

The area between the 5m contour and the 25m contour is mostly mobile dunes. Within the mobile 
dune area, vegetation is transient and is subject to periodic inundation by sand.  The large high 
dune and dune slack which historically would have supported dune thicket, has in some places 
been replaced by alien vegetation and coastal development - and as such there is little of this 
natural system remaining.  

The current dunes that occur between the existing buildings and the high-water mark (HMW) are 
older primary dunes along the 5m contour which are transitional depending on the erosive cycle 
of the beach and the movement of the sand.  The near shore dune ridges also support some 
indigenous dune species that are periodically inundated by sand movement or eroded by blow-
out formations. 

 
Hummock dunes 

The hummock dunes lie immediately behind the HWM are highly dynamic and transitional.  This 
means that they come and go due to normal sediment movement in the dynamic coastal zone.  
During periods of erosion, the hummock dunes are eroded away and during periods of accretion 
(sand build up), the hummock dunes are built up and pioneer vegetation takes hold.  The current 
status of the hummock dunes is that they build up during a period of accretion, where they 
become vegetated with indigenous dune pioneer species such as Arctotheca, Ipomea and 
Sporobolus, and then are once again eroded during storm conditions or periods of large swells.  
There are no invasive alien species on the hummock dunes.  

The beach appears to be moving into a period of erosion as is evident by the erosive ledge being 
carved on the beach. 

 

Mobile Fore-dunes  

These fore-dunes are evident in the aerial photographs depicted in Figure 13.  During the 1940’s 
these dunes were more pronounced with significantly more dune vegetation growing in the 
constantly inundated mobile sands.  At present these dunes are significantly reduced by erosion.  
There is little alien infestation in this region.    
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Figure 11. A detailed slope analysis of the eastern portion of the Keurbooms dune system showing 
the cadastral boundaries of the properties and the position of the surveyed profiles (A), 
and the position of these profiles over a DEM. 
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Vegetated Dune Slopes 

The dune slopes overlooking the mobile dunes are heavily modified, but stable.  Only the frontal 
slope of this vegetated dune remains.  All the inland section of the dune system has been 
historically in-filled for development purposes. The seaward facing frontal slope mostly consists of 
a few isolated indigenous dune species occurring within the dune vegetation such as Searsia (Rhus) 
crenata, Chrysanthemoides monilifera, Passerina rigida, Tetragonia decumbens, Gazania rigens. 
Hummock dunes are mostly Actotheca populifolia and Tetragonia decumbens. 

 

 

Plate 1 (August 2018) Eroded dune slope with new hummock vegetation growth. Creeping Tetragonia decumbens and 
silver leaved Arctotheca populifolia. Note the extensive expanse of new hummock dune formation on the right hand 
photo.  

 

6. HISTORIC CONTEXT 

 

To place the dunes in their current context, a sequence of available aerial photography from 1936 
to present (from the Dept. Surveys and Mapping), was used to map and note any changes that 
might have occurred during this time. 

The largest change to this dune system was noticed in the large frontal dune with the height in 
1936 being half of what it is at present.  Only a relatively small increase in the size and height of 
the secondary dune ridge was noticed.  A landward migration of the dune “axis” was also noticed 
for the secondary dune ridge. 

The aerial photos indicate that overall the Keurbooms dune system has not undergone any highly 
significant changes.  Having said that, there are noticeable changes, mainly as a result of human 
activities.  Houses have been built, road networks established, clearings made for access and 
lookout points, and the invasion of alien dune plant species.  

Naturally, changes to dune profiles are also seen.  The morphological characteristics of the 
dynamic frontal dune system have minor dune ridges within the near-shore area, which are 
oriented in an EW direction.  Long-shore drift and strong winter SW winds provide sediment to 
the system and the persistent and strong summer SE winds shape and elongate hummock dunes 
into elongated ridges of sand which extend into the seaward facing back dune, increasing the 
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height of the dune ridges, causing the dune ridge to slowly migrate landward, or as blow-outs.  
The relatively high and vegetated back dune was, historically, open sands which have been 
stabilized and vegetated with alien species. The dune thicket area behind this area has historically 
been farmed. 

Figure 12 below shows a historic photograph (left) of the area showing the position of the dune 
ridge where properties are now located with the Google 2004 image of the same area.  The steep 
dune ridge is still in place, however the mobile upper level of sand has been totally stabilized with 
alien invasive species.  It is probable that this area was deliberately stabilized with Acacia cyclops. 

 

 

 

Figure 12.  Official aerial photograph taken in 1942 by Surveys and Mapping, South Africa, and a 
Google Earth image (2004) showing a small portion of the eastern extent of the Keurbooms 
dune system - the study area.  The extent of the hummock frontal dune vegetation can 
be clearly seen (highlighted in light brown) during this period, and is consistent in density 
with a naturally functioning hummock dune system.  The current line of beach erosion is 
demarcated with a yellow line.  Notice that in 2004 there are remnants of hummock 
dunes that, 6 years later, have been completely removed by wave action. (note these have 
been replaced and lost and are currently rebuilding again, 2018). 
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7. SCOPE OF WORKS 
 

For the ease of explanation the protection measures depicted in Figure 13 below have been 
stepped at an angle between a vertical wall and a low angle revetment.  The zone of works and 
construction footprint will differ between the two extremes.  

There are two possible alternative positions, landwards of the mean high water mark and 
seawards of the mean high water mark, with a range of possibilities in-between.  Figure 13 below 
depicts the two alternative options.  The sleeping protection can be placed landward of the 
MHWM as close as physically possible to the existing developments, and the opposite extreme is 
to place the gabions are as far seawards as possible.  Both of these have advantages and 
disadvantages with a positioning of the sleeping protection somewhere in the middle of these 
options.  A discussion of each opposite option will be briefly discussed to highlight the various 
issues (advantages and problems) relating to each.  

 

Figure 13.  A stylised dune re-construction concept, with option A having the gabions seaward of 
the existing MHWM and option B the gabions landward of the MWHM. Note – reference 
to gabions can be taken to be for sand bags or the rock revetment.  

 

Having the protection placed in a position that is as far seaward as possible will allow for a 
substantial dune buffer zone behind the protection that can be rehabilitated and revegetated.  
This also allows for existing natural dune vegetation to remain in position, without disturbance.  
Wave action in the swash zone will erode the base of the structure, threatening the structural 
integrity of the protective measures.  Because of the protection’s position relative to higher wave 
energy there will also be no possibility for the structure to be covered with sediments for the 
proposed of “hiding” the structure or rehabilitation / revegetation.  There would also be higher 
costs associated with long term repair and maintenance.  This alternative is not supported.  
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The construction of the gabions in a position as close as possible to existing developments (homes) 
will allow for a longer swash zone, decreased wave energy and the possible formation of hummock 
dunes and sediment deposition will occur during periods of accretion.  The protection could 
more easily be covered with rehabilitated sediments and revegetated with dune pioneer 
vegetation.  The protection in this position will facilitate a more-or-less functioning fore-dune 
system.  Costs associated with long term repair and maintenance would be far less than any 
other option.  However, existing natural dune vegetation would require removal for the 
installation of the sleeping protection and the future presence of any natural vegetation would 
result from a rehabilitation / revegetation programme. 

The installation of a sleeping protection structure will generally prevent the dunes from 
occurring naturally, and by implication, any possible reparation, rehabilitation and restoration 
action cannot be called mitigation but management.  Mitigation is an action or plan to protect 
and restore the dunes to the natural position, contour, volume, vegetative cover, elevation, and 
sediment content. 
 

8. DISCUSSION AND RECOMMENDATIONS 

In order to focus various key issues within this discussion section of this report, an attempt has 
been made to specifically to respond to the various “Terms-of-reference” statements provided.   

 
1. The sensitivity of the Keurbooms dunes 

 
The Keurbooms dunes fluctuate and range in stability from the hummock dunes having less 
stability to the back dunes which have increased stability.  The dunes are not truly stable.  The 
instability and its rate of accretion reflects the highly dynamic nature of the entire system. 

 
2. The dynamics of the natural system which impacts on the built environment 

 
Dune dynamics of coastal dune systems as a whole, and the site specific dynamics of the eastern 
portion of the Keurbooms dunes have been stated above.  
 
However, these dunes are the largest of the southern Cape coastal dunes, having above average 
nett sediment transport rates and relatively unaffected by anthropomorphic influences.  They 
are therefore functionally dynamic, with the potential of undergoing rapid rates of accretion or 
erosion. 
 
The existing built environment within this eastern portion of the dunes has been built well within 
the frontal dynamic portion of the dune system, necessitating the need for protection measures 
to be implemented. 
      
  

3. Sleeping protection that is in place but not visible, except at times of extreme erosion, 
which will allow the dune to function as naturally as possible. 

 
In order for the protection to not be visible and allowing the dune to function naturally means the 
protection will need to be constructed as far above the MHWM as possible.  This, therefore, 
cannot take the existing vegetation into account when installing the sleeping protection.  With 
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specific reference to Profiles A,B and C, (in Figure 10. above) the distance between the MHWM 
and the existing houses is small, with vegetation growing right up to the edge of the erosional face.  
In order to keep this vegetation the protection will need to be constructed seaward of the MHWM. 
 
Once the protection is in place the ability of a fore dune being developed and functioning as 
naturally as possible will depend on the angle of the protection structure.  A near vertical or 
steeply angled structure will be far more difficult to stabilize for revegetation purposes than a well 
sloped revetment.  In addition a steeply angled structure will result in greater reflectivity of 
erosive waves resulting in more damage. A low angle revetment will require greater horizontal 
space for construction, with more impact on the existing natural vegetation, than a steeper wall. 
 
The proposal for a rock revetment allows for the angle to be determined on site taking the natural 
slope into account and allows for the correct angle for dune re-establishment over the revetment. 
The toe of the revetment needs to be defined based on the required angle that the top of the slop 
needs to be in relation to the properties and homes built landwards of the protection measure.  
Also note that the revetment termination at the base of the existing road culvert will allow for the 
culvert to be protected and the dune to re-establish as a protective measure.   
 
 
 

4. Describe the impact of the proposed protection methods. 
 
Erosion management operations could have unwanted impacts on the ecology (the movement 
and structure of organisms between the surf-zone and the frontal dune system) and the 
geomorphology (shape and profile of the dune) or appearance of the actual dune system. 
Construction of gabions along an eroding dune face will dramatically change the immediate 
coastal landscape and will disrupt the natural interchange of sand between beach and dune. 
 
Gabion Construction: There are two main impacts of gabion construction that propose a risk to 

hard construction in this section of the beach / dune interface.  The first is the stability 
risk of construction as a result of the mobile nature of dune sediments.  The removal of 
any vegetation, associated exposure to wind and subsequent erosion of the dune sand will 
undermine the foundations of the construction.  If mitigation is not immediate there 
could be the possible collapse of the retaining wall.  This impact could be mitigated 
through the intervention of human actions, but is in our control to prevent or repair. 

 
Secondly, the locational risk of the construction to the close beach / dune interface that 
creates immediate risk in storm situations. The action of storm waves in the swash zone 
could undermine the foundations of the construction. This situation is beyond the control 
of human intervention.  

 
Gabions could influence long-shore drift and transfer of sand, modify dune habitats, 
disrupt the natural landform and potentially result in localised dune face scour at their 
terminal ends. 

 
A possible secondary impact could be accelerated beach and dune erosion further along 
the coastline – however, the scale this possible impact would be determined by final design 
and layout of the gabion wall. 
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The physical and chemical properties of the material within the gabion baskets should be 
consistent with the existing beach and dune chemistry.  Sediment with a different 
chemical composition (e.g. acidity) or from a heavily polluted source may have an adverse 
effect on any attempts to recreate a naturally functioning dune system – suppress 
ecological processes. 
 

Rock revetments: Rock revetments have the advantage that the stability risk is reduced as any 
erosion or movement of the mobile dune sediments below or at the base of the revetment 
will simply results in a settling of the rock into the void created.  The removal of any 
vegetation, associated exposure to wind and subsequent erosion of the dune sand will 
therefore not undermine any foundations. Mitigation, if any would be to reinstate the dune 
seawards of the structure and over time and repeated settlement it may be necessary to 
bring additional rock in prior to reinstating the hummock and primary dune. 

 
Potential for localised dune face scour at their terminal ends is a probability with all 
physical protective measures and will need to be managed in terms of the long-term 
maintenance management of the system. 

 
Sand Bags: Sand bags have the advantage that the stability risk is reduced as any erosion or 

movement of the mobile dune sediments below or at the base of the revetment will simply 
results in a settling or collapse of the bag into the void created.  As the bags are far larger 
than the rocks the void into which it would need to settle into would need to be larger, but 
the sand bags are more flexible than gabion baskets.  The removal of any vegetation, 
associated exposure to wind and subsequent erosion of the dune sand will therefore not 
undermine any foundations. Mitigation, if any would be to reinstate the dune seawards of 
the structure and over time and repeated settlement it may be necessary to repair or 
replace sand bags prior to reinstating the hummock and primary dune. 
 
Vandalism of sand bags structure while exposed is a potential risk that will require ongoing 
maintenance. 

 
Limiting, reducing and preventing the dune system behind the construction from acting as a 
sediment source to the beaches during periods of erosion – this is standard to all the physical 
protective measures as they prevent the landward erosion beyond a point and only allow for the 
movement of the sand and dunes between them and the high surf zone.  
 
Potential for localised dune face scour at their terminal ends is a probability with all physical 
protective measures and will need to be managed in terms of the long-term maintenance 
management of the system. 
 

5. The remaining dune vegetation that exists on the primary dunes (where it is still in place) 
is not to be disturbed. 

 
All alien invasive vegetation should initially be removed from the area of construction.  This will 
allow for a more accurate appreciation of the extent of the remaining naturally occurring 
vegetation.  The extent to which the natural vegetation needs to be removed for construction 
can then be determined, and decisions can be made as to the design and layout of the protection 
measures. 
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It is the author’s opinion that since previous impacts have substantially altered and modified much 
of the original dune vegetation, and unless there are protected species or original stands of thicket 
present, disturbance to the existing vegetation could be carried out – as long as substantial 
revegetation and maintenance takes place after construction.  
 
The coastal authorities would like the structure located as far landwards as possible and this will 
result in more of the dune vegetation being disturbed, however as indicated above the system is 
already modified and with the exception of the Milkwood tree near the road culvert the impact 
will be minimal.    
 

6. The protection placed seaward of this remaining vegetation and rehabilitated up to and 
including the existing vegetation. 

 

A construction barrier will be required seawards of the southern boundary of the properties to 
allow for construction on the boundary and to prevent encroachment into the dunes.  For this 
shade cloth fence is recommended around the entire building site.  This must be secured at the 
base to retain sediments and will serve to keep contractors on the building site and discourage 
them from casual access to the dune area - where they may cause the formation of unwanted 
pathways, and possible destabilisation of the dune.  A detailed construction management plan 
will need to be developed after the final design phase.  

 
7. A dune buffer zone must be created that can erode and accrete naturally.  

 
Reference must be made to point 3 above, where the design and positioning of the protection wall 
will determine the extent to which a naturally functioning frontal dune system can be developed.  
To have a dune buffer zone that can erode and accrete naturally during normal periods of an 
erosion / accretion cycle, the protection must be constructed as far as possible above the MHWM.  
This will allow sand build-up to occur at the foot of the protection measure for the creation of 
hummock dunes.  
 

8. Recommendations that need to be taken into account when proposing the protection 
measures or designing them. 

 
Although the drawings in Figure 13 show gabions forming a staggered wall, they should be sloped.  
Vertical gabions are more likely to experience toe scour and structural collapse as they are less 
able to dissipate wave energy during storm waves.  Sloped gabions may be less obtrusive to the 
dune landscape and may become buried quicker by the creation of new fore-dune formation – 
during periods of accretion.  Steeper gabion walls have, however, smaller foot prints and less 
horizontal work is required – especially in areas with narrow areas between the houses and the 
beach. 
 
Sand bags also have the disadvantage of forming a “step-like” structure where the vertical sections 
are more difficult to revegetate. 
 
The Rock revetment alternative provides the opportunity of creating a sloped “structure”, with 
voids to allow for the accumulation of sand and to assist in vegetation growth in the dune sand 
that is placed over the structure.    
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9. The protection structures covered with a rehabilitated dune (hummock and primary 
dune). 

 
Wind-blown sand is able to accumulate on sloped revetments during periods of accretion, initially 
softening their appearance, providing environmental conditions for the revetment to be buried by 
wind-blown sand, and allowing dune vegetation to be re-established as hummock dunes.  These 
embryo dunes will form at the foot of a sloping revetment during this period but will be the first 
dunes to be eroded during an erosional cycle.   
 
Revegetated fore-dunes can be established on the slopes of the revetment, with active 
rehabilitation techniques, and if the revetment is suitably positioned this frontal dune vegetation 
can be artificially established.  The proposal is to cover the sleeping protection entirely with dune 
sand and to revegetate this “artificial dune” with locally sourced (plant rescue) and locally 
purchased dune vegetation. The intent will be to recreate hummock and primary dunes over the 
sleeping protective measures. Large episodic storm conditions might cause large storm wave sets 
to erode these dunes, exposing the sleeping protection and causing the need for rehabilitation 
once again.     
 

10.  Recommendations for environmental management during the construction process. 

Management plans should be developed to allow for environmental impacts during the 
construction phase.  Mitigation measures and good working practices to minimise impacts 
should be built in to designs, agreed with the authorities and contractors, and closely monitored 
during initial construction phases and ongoing management operations.  It must be noted that 
periodic repair or maintenance of the structure will be necessary - as a result of natural dune 
erosion.  Given storm surges, high tides and abnormally large waves (all combined with sea level 
rise) erosion will result, initially, by sediments being eroded from the seaward area of the retaining 
wall.  All vegetation will also be removed by erosion and there will be periods where the sleeping 
protection will be exposed.  Historically, sediments will once again be deposited onto the near-
shore zone with a build-up sediment against the structure and this can be accelerated through the 
active dune rehabilitation maintenance phase.  In order to prevent these loose sediments from 
being moved about or blown away be wind, vegetation will again need to be actively re-
established. 

Coastal works are affected by limited work windows, such as seasonal conditions which restrict 
work to summer.  During winter cold fronts bring adverse weather and sea conditions, as well as 
the days being shorter.  Work may also disrupt recreational use of the beach.  Daily tidal cycles 
will restrict work below the high tide line and possibly access along the beach in the western 
portion of the construction.  Other restrictions may be imposed by natural events such as 
optimum seasons for vegetation transplanting and dune recovery.  

 

11. Recommendations for rehabilitation of the dunes after the protection measures are in 
place. 

 
No encroachment of gardens beyond the property boundaries be permitted and vegetation on the 
properties should preferably all be local dune vegetation.  There is often a gradual creep into 
dune areas through private property which causes an impact on the dune system and reduces the 
effectiveness of the buffer zone.  The vegetation between houses and the construction is 
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particularly vital for dune stabilisation and care should be taken not to disturb this area.  It is 
essential that this buffer strip is continually cared for.  Only use pathways set aside during the 
construction phase for access to the beach.  Indiscriminate access could destabilise the dune 
landward of the construction. 

Only the lawful access pathways to the beach at the key points from the development should be 
retained and all private access boardwalks to the beach are unlawful and need to be removed.  
No private access over the rehabilitated dune and protection measure is permissible in terms of 
the coastal access regulations and in addition access through this zone will result in pathway 
formation, destabilization and potential for the formation of blowouts. 

 
Maintenance of the sleeping protection after storm or erosion events is essential and this includes 
recreating the vegetated dune buffer.  Reparation works will need to be carried out and any 
disturbed vegetation re-established throughout the lifespan of the structure. 
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