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PREFACE 

 

This document has been prepared in an attempt to develop an affordable and appropriate 

approach to preventing the Bushman’s River from becoming a blind river and to manage the 

continued accretion of sand in the estuary.  

It has been prepared for general use by all interested and affected parties to increase overall 

understanding of the natural and unnatural processes that have brought the river to its 

current state. 

The objective is to develop and implement a project that ensures continued use and 

enjoyment of infrastructure and houses along the estuary and also reduces the probability 

of closure of the mouth, thereby improving the overall utility of the natural ecosystem 

services that are represented by the estuary and coastline in the area.  

 

Arthur Taute PrEng 
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1. INTRODUCTION 

There is a likelihood of closure of the Bushman’s River Mouth in the medium term due to 

siltation.  Such closure would have a negative effect on the biodiversity of the region and 

cause a major reduction in the ecosystem services provided by the river as well as a negative 

effect on property values and loss of business in the town and region.  In addition, the 

accretion of sand in the estuary has resulted in some substantial dunes that have covered 

some infrastructure and affected the enjoyment of resident’s properties in certain areas. 

The National Estuary Biodiversity Plan1 for South Africa has identified the preservation of the 

Bushman’s River as being of National importance and in need of improvement.  

This report puts forward a minimum cost, low risk proposal to remove some of the dune 

sand and reduce the probability of closure of the estuary.  

The river mouth has been the subject of several studies over the years as well as several 

attempts to reduce siltation and improve its recreational value.  This proposal 

 does not comment on or elaborate on previous studies and works but has been informed by 

discussions with PRDW on their modelling of flows and sand migration along the lower portion 

of the estuary.  

 puts forward an incremental plan to remove some sand from the river;  

 the plan is affordable and relatively simple to implement; 

The process of mechanically moving sand along the South African coastline is fraught with 

difficulties related to the longer-term environmental consequences of such actions and this 

proposal involves a minimal annual intervention where the effects can be monitored, and 

adjustments made over time as appropriate.  

The proposal is based on the changes that have occurred in the river mouth over the past 

ninety years as well as some of the findings of studies on this and other rivers as well as the 

parallel situation in the adjacent Kariega River mouth. 

  

 
1 NATIONAL BIODIVERSITY ASSESSMENT 2011 National Estuary Biodiversity Plan for South Africa Technical Report; Jane Turpie, 

Gwyneth Wilson and Lara van Niekerk.  Anchor Environmental Consultants Cape Town 
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2. BACKGROUND 

Several factors that have emerged from previous studies are put forward as background to 

this proposal:  

 The Estuary within the area of interest can be divided into 2 specific zones as shown in the 

figure below: 

 

The upper zone (approximately equivalent to Area 2 in the PRDW report)2 is one of slow and 

steady accretion of sand from tidal flows and mud during minor floods.  The lower zone 

(approximately equivalent to Area 3 in the PRDW report) is more dynamic and is strongly 

influenced by tides, winds and waves during high spring tides, particular if these are 

accompanied by strong westerly winds. 

 The annual inflow of sand into the Bushman’s River mouth used to occur at a rate of around 

15 000 m3per year (20m3 in a tidal cycle3 ) in the 1980s.  The effects of this are shown in 

Appendix A over the period 1934 to 2021.  Recent PRDW surveys show that this has reduced 

to around 5 400m3 per year of which around 3 700m3 remains in the zones highlighted above 

and the balance is deposited above the bridge.  

 
2 BUSHMANS RIVER ESTUARY STUDY OF INTERVENTIONS TO REDUCE SEDIMENTATION Concept Study S2033-RP-CE-PRDW 
Report-001-R1 02 September 2016 
3 Baird, D., Uncles, R.J.  and Reddering, J.S.V.  1981.  Studies on the hydrodynamics and sedimentation of the Bushmans River 

estuary, Eastern Cape coast. Zoology Department Report Series No. 19. University of Port Elizabeth. 
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 The channels in the estuary have reduced from an 80m wide main channel in 1960 to a 20m 

wide main channel in 2021 while the sandbanks have grown and the level of sand on the banks 

has also risen considerably.  

 Although there is no certainty, and while the rocky east bank of the river mouth, coupled with 

the fact that the river mouth does not directly face the sea, aids in preventing closure, it 

appears that there is a risk that Bushman’s River mouth may close due to siltation in the 

foreseeable future.   

 The Bushman’s River estuary is one of the longest tidal estuaries in South Africa and a strong 

flood event that can scour out the estuary mouth has not occurred since 1932.4 

 The Kariega Estuary appears to be in more of an equilibrium condition with respect to siltation 

as the water in the main channel rapidly erodes the soft sandbanks on the outside of meanders 

and a new main channel is created when the previous main channel is closed off by the sea.  

Some excess siltation is, however, occurring immediately below the bridge.  This is elaborated 

upon in Appendix B. 

 The Bushman’s estuary appears to be in a less stable state due to the deposition of substantial 

quantities of mud during floods as well as the growth of vegetation on the mudbanks.  Both of 

these factors reduce the main channel’s ability to erode the sandbanks along outsides of 

meanders and to continually renew its position, thereby ensuring sandy deposits in the 

sandbanks which are more erodible.  This situation was substantially aggravated between 1959 

and 1978 when the bridge portals were largely closed due to construction rubble being left in 

the river.  This rubble was removed in ca. 1978.   

 More recently the situation in the Lower Zone of the estuary appears to have stabilized 

somewhat with the incoming tides and related wave and wind actions moving sand, that would 

otherwise have increased the height of the mouth sandbank, to form a dune field alongside 

the East Bank of the river. 

  

 
4 Kovaks “REGIONAL MAXIMUM FLOOD PEAKS IN SOUTHERN AFRICA”, DEPARTMENT OF WATER AFFAIRS TR137 December 1988 
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 The sea can remove and deposit vast quantities of sand over a very short time depending on 

the winds and tide.  This has also occurred inside the Bushman’s Estuary where occasional west 

wind-driven wave action during equinox spring tides has eroded sand from the sandbanks and 

deposited this along the east bank in the form of an extended dune field.  The total increase 

and decrease in the levels of sand in the estuary between 1990 and 2016 are shown in the 

PRDW figure 4-11 below. 
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 These storms have appeared fairly frequently in recent times, such as in June 2017, August 

2017, September 2018 and October 2019 and are probably associated with the overall global 

climate change phenomenon.   

 The east bank dune field 

has been extended up the 

estuary by wave and wind 

action and its upstream 

extremity is located along 

the outside of a primary 

meander in the main 

channel which reduces the 

channel’s ability to erode 

this bank.  During high 

spring tides with 

accompanying west winds 

and wave action, the sand 

is moved and deposited in 

the main channel meander 

from where the ebb tide 

moves it to the inside of 

the next meander at the 

Bushman’s beach and out 

to sea as shown in the 

adjacent figure.   

 It would appear that this portion of the estuary is in a state of reasonable equilibrium with a 

portion of the East bank dune field, highlighted in pink above, not having grown laterally 

towards the west over the past 5 to 7 years. 

 It would appear that the velocity differential of the incoming and outgoing tides has reduced, 

and the situation is similar to that shown for the Breede River in the Appendix.  

 The present maximum height of the East Bank dune field is between 3 to 4 m above the high 

tide level with many vegetated crests and valleys.  Its volume above the high tide mark 

probably constitutes some 80 000m3.  The dune is probably still growing vertically while 

depressions between high spots are being filled with sand in due to wind action. 

  

Figure 2-1:  Tidal Sand Movement 

Ebb tide 

erosion 

Ebb tide 

deposition 

High Spring 

Tide sand 

Transport 
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 The PRDW figure 4-26 below shows how the sandbanks and channels in the area have had 

areas of height increase and decrease over a period of a year.  This process continues with the 

location and position of minor channels in the sandbank changing rapidly with tidal flows and 

wind driven wave action. 
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 The situation with the dune at the end of Westbourne Road (End Dune in the figure below) is 

different and it has shown many changes in terms of its shape, vertical and horizontal extent 

as well as location and growth of vegetation.  At present it only has minor patches of 

vegetation. 

 

Figure 2-2: Dune at the end of Westbourne Road (End Dune) 

This portion of the estuary bears the brunt of the prevailing west and east winds and also the 

tides and waves that enter the estuary at high tide.  It currently blocks the views of houses in 

Land’s End and has covered some municipal infrastructure at the end of Westbourne Road. 

This dune includes some 120 000m3 of sand above the high water mark and has developed 

since 1970 giving it a growth rate of some 2 500m3 per year. 
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 High tides coupled with 

strong west winds can 

also move a 

considerable amount of 

sand from the 

Bushman’s sea shore 

into the river.  Such a 

significant ingress of 

sand occurred in August 

2007 and again in 

August 2017 when the 

west bank penetrated 

into the river mouth by 

more than 100m.5 The remnants of such a sand incursion in 2017 are shown in Figure 6-16.  

The ebb-tide flow typically removes this sand spit over a period of around a year. 

 The Dune field to the west of the mouth is steadily encroaching towards the mouth and could 

overwhelm the vegetated dunes on the west bank of the estuary and further increase the 

degree of siltation and threat of closure in the medium term.   The historic eastwards 

movement of this dune-field of ca. 7m per year is shown in Appendix D. 

 The possibility of a major flood in the Bushman’s River is not outside the bounds of reality but 

cannot be relied upon to prevent siltation and arrest the growth of the dunes along 

Westbourne Road.   A study of the weather patterns and potential flood characteristics of the 

river is included in Appendix C.  Since major floods have recently occurred to the North of this 

river, It would be prudent to start considering how to prepare for such an event.  Should The 

1:200 year flood, or Regional Maximum Flood (RMF) occur the bridge over the Bushman’s river 

will be severely damaged together with the water pipes that are suspended on the bridge.  

Water supply to Kenton will be lost.   

Against this background it is apparent that tidal and weather patterns create many 

uncertainties in relation to the estuary and its siltation.  The growth of the east bank dune 

coupled with west bank sand movements and dune encroachment are a threat to the 

estuary remaining open and the infrastructure and houses along Westbourne Road.   

Therefore, this proposal does not seek to outline a “silver bullet” solution to the problem, 

but rather puts forward a number of facts and hypotheses based on observations and trends 

and then proposes a low cost, low risk approach to solving the problem. 

The various observations and trends are documented in the Appendices to this report to 

develop a historical record that can serve as a basis for discussion.  

  

 
5 Dennis Laubscher personal communications 

Figure 2-3: Tide and wind driven sand in river mouth 
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3. PROPOSAL 

3.1 Facts and Hypotheses 

While we cannot predict with any accuracy how the Bushman’s River estuary will behave in 

future, there are a few facts and hypotheses that can be made, based on other studies and 

the observations in the Appendices, which can help to frame actions that maximise the 

probability of keeping the mouth open.  The facts are in normal font while the hypotheses 

are italicized below: 

(i) The original east bank of the river is primarily rocky while the west bank downstream 

of the Bushman’s beach is sandy. 

(ii) If the sandbanks in the river were to consist largely of sand with minimal mud, then 

these banks could easily be moved by tidal currents and storm events to retain the 

character of the estuary as appears to be the case with the Kariega estuary.    

(iii) Mud was primarily deposited in the estuary by minor floods when the bridge openings 

were largely closed between 1959 to 1979.   

(iv) The dune field (shown 

in red and purple) 

along the east bank 

near the mouth has 

grown from 0 to 130m 

wide on average, and 

240m wide at worst, 

over a period of some 

30 years.  This is 

reflected as an 

upstream extension 

and forward 

movement of the front 

face of the dune field 

of some 4 to 8m per 

year.  Over the past 6 

to 7 years the forward advancement of the Bank Dune field appears to have stopped 

but the dune is acting as a reservoir for some of the sand that enters the estuary, and 

its growth needs to be monitored to determine the rate at which its volume increases 

and to predict any future threats that it may present in future.   

It should be noted that the east wind does not affect this dune significantly as it is in 

the shadow of the hill above Westbourne Road.  It is also less severely affected by the 

West wind than the End Dune as it is in a partial wind shadow of the west bank of the 

river. 

  

Figure 3-1: East bank dunes extending towards the west bank 
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(v) The End Dune has been the subject of various surveys in the recent past and its growth 

and movement to-and-fro between dry bones valley and the river mouth has been 

documented.  The figure below cut from the KSDNA website6 clearly shows its current 

extent.   

 

This dune has covered the turning circle, parking area and ablution block at the end of 

Westbourne Road and is obstructing views of the Land’s End residents.  

At present, some of the sand that forms a portion of this dune needs to be removed to 

expose the underlying infrastructure and restore the views of Land’s End residents.  In 

the future, sand that continues to increase the volume of this dune and its surrounds 

as well as sand that expands the Bank dune, as well as any other sand that threatens 

closure of the river mouth, will need to be removed to ensure continuity of the 

environmental, commercial and recreational value of the river.  This is a common 

problem for all estuaries along the South African coast.  

(vi) In addition to the issues associated with the east bank dune field, the environmental and 

recreational value of the channel along the west bank of the river has also been reduced 

due to siltation higher up and at the boat launching ramp as well as erosion of the 

Bushman’s beach. Digging or dredging a channel along the west bank of the river 

upstream of the Bushman’s beach should create sufficient water velocity to maintain 

the channel in front of the launching ramp and deflect the outside of the meander that 

has eroded the beach.    

(vii) If approximately 15 000 m3 of sand were hauled through Dry Bones Valley to Middle 

Beach annually over a 2-to-3-week period along a single track, this should not cause any 

significant environmental damage, which will in any event be minimal compared to the 

positive effects of removing the sterile dune and creating a better path for people to 

walk between the river mouth and middle beach and enjoy the nature reserve and 

environment. 

(viii) If this sand were deposited along the dune flank at Middle Beach as proposed later, it 

will be insignificant relative to the sand that is generally moved by the wind and sea and 

should not cause any lasting damage.  It is expected to be quickly eroded by the sea, 

 
6 https://kentonsanddune.co.za/news/implementation-of-the-rehabilitation-of-the-kenton-sand-dune/ 
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depending on weather patterns and the dune flank restored to its long-term equilibrium 

condition.   

(ix) While this operation will cost a considerable amount of money, it is expected to be 

affordable for the residents of Kenton and Bushman’s.  With trends in climate change 

and related world-wide flooding, the occurrence of a substantial flood that can reinstate 

the estuary to a less precarious position in terms of closure is not outside of the bounds 

of reality but cannot be relied upon.  

Considering these factors and hypotheses, the following proposal is put forward for 

consideration by interested and affected parties.   

3.2 Proposed Approach 

This proposal involves creating a long-term solution to the accretion of sand in the 

Bushman’s River by hauling problematic sand and dumping it at a suitable site along Middle 

Beach.  The shortest and lowest cost haulage route is though Dry Bones Valley along an 

earth/sand track.  the annual loading and hauling of sand from the east bank dune via Dry 

Bones Valley and placing it on the flank of the existing dune at Middle Beach and then 

allowing the sea to remove this sand and return the Middle Beach dune flank to its long-

term equilibrium position.  

It involves the following activities: 

3.2.1 Assess and develop a Haul Road to Middle Beach 

That a 500m long, 4m wide haul road be constructed as an earth/sand track - located 

approximately as shown in the figure below but detailed to minimise damage to vegetation 

and optimise its gradient and dump truck trafficability: 

 

Figure 3-2: Haul Road 

3.2.2 Phase 1: Initial Sand Removal 

The proposed initial sand removal involves annually loading and hauling around 15 000m3of 

sand from the End Dune to Middle Beach over a 2-to-3-week period.  The initial focus of this 

operation should to facilitate the haul road, re-instate the old turning circle/parking and 

restore Land’s End views.  
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3.2.3 The Dump Site 

The proposed dump site is between the normal high-water mark (0.7m above Mean Seal 

Level (MSL)) and the rocky crest of the dune at the western end of middle beach as shown 

below.  The area of the dump site is some 5 000sqm and the height of the bank at the 

landward side is around 5m above MSL. The area should be able to accommodate between 

10 000 and 15 000 m3 and a topographical survey should be carried out to confirm this. 

 

This portion of the beach has retained its shape over a very long period and it is expected 

that the sea will gradually remove the dumped sand to restore the beach to its present shape 

again over a period of around a year.  The gradual removal should obviate any significant 

negative impacts of this additional sand.   
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3.2.4 Phase 2: Monitoring and Ongoing Sand Removal 

After the sand has been dumped, the rate and circumstances by which the sea removes the 

dumped sand should be monitored so that the location and method used to dump the sand 

is optimised in terms of returning the shoreline to its long-term position without detrimental 

effects elsewhere.   Similarly, any negative consequences of the haul road in Dry Bones Valley 

and during the sand hauling operation need to be assessed. 

It is proposed that the height and volume of all the dunes along Westbourne Road be 

monitored regularly in future to predict when they may become problematic to the passage 

of traffic in Westbourne Road and the views of the houses along the road.  This could be 

achieved relatively simply and affordably using drone photography and related 3-D imagery 

through pixel matching.  

That the effects of the sand removal be monitored to re-assess its efficacy with the aim of 

the continued removal of sand that minimises detrimental dunes that are formed and 

maximises the beneficial effect on the river’s own ability to retain its main channel. 

The cost of removing around 15 000 m3 of sand along the lines set out above is estimated to 

be of the order of R300 000 and can be carried out using a single front end loader and 3 

dump trucks. 

During this phase, other remedial measures that were proposed in the PRDW report such as 

the process of planning and re-creating the West Bank channel of the Bushman’s River above 

the Bushman’s Beach should commence.  A concept of this channel is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-3: West Bank Channel 
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The channel should be around 12m wide and 1 m deep at low tide and should generate 

around 12 000m3of material. 

The method of removal and location of spoil should receive priority but if it can be pumped 

towards the location of the End Dune and hauled to Middle Beach the same sand removal 

process can be used.  This material will be less sandy and its effect on Middle Beach will need 

to projected based on the monitoring of the sea’s removal of the more sandy material. 

The expectation is for the outgoing tidal current in this channel to deflect the meander at 

the Bushman’s ‘Beach as shown by the arrows above and prevent or reduce any further 

erosion of this sandy west bank along this portion of the estuary.  

While this is ongoing, efforts need to be made to prevent the west bank dune field from 

overwhelming the estuary.  Consideration could be given to placing some strategically 

located fences covered in shade-cloth to protect the reinstated Bushman’s sea car park 

which has recently been overwhelmed by the dune.   The effect of this on further dune 

movement can be monitored and adjusted over time to achieve an effective result and to 

possibly locate sand dump sites within this dune field for management of material excavated 

from the west bank of the Bushman’s River. 
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4. IMPLEMENTATION ISSUES 

The implementation of this project is subject to approval firstly of all interested and affected 

parties in the immediate vicinity.  These include Estuary Care (EC), the Kenton -on-Sea 

Ratepayer’s’ Association (KOSRA), Bushman’s River Mouth Ratepayers’ Organisation 

(BRRAG), and Kenton Sand Dune and Nature Association (KSDNA). 

Should all the parties feel that the proposal has merit then the Authorities need to be 

approached to assess and approve the project and assist in developing funding approaches.  

This should be carried out within the following framework: 

 Ndlambe Local Municipality in accordance with the National Estuarine Management Protocol 

and the National Environmental Management: Integrated Coastal Management Act (Act No. 

24 of 2008), as amended by the National Environmental Management: Integrated Coastal 

Management Amendment Act (Act No. 36 of 2014).  This Act and its guidelines set out in 

“Department of Environmental Affairs (March 2015) Guidelines for the Development and 

Implementation of Estuarine Management Plans in terms of the National Estuarine 

Management Protocol” shows that the Municipality needs to develop Estuarine Management 

Plans (EMP) for all estuaries within its jurisdiction.  A generic plan is outlined in “CSIR (2009) 

C.A.P.E. Estuaries Programme: Proposed generic framework for estuary management plans 

Version 1.1. Report submitted to the C.A.P.E. Estuaries Programme.  CSIR Report No 

CSIR/NRE/CO/ER/2009/0128/A. Stellenbosch” and this contains a wealth of information with 

respect to the development of an EMP.  Such an EMP could usefully include organisational 

structures, such as Estuary Care, and related processes required to implement and monitor the 

effects of the initial activities proposed in this report.  The EMP should also include the EIA 

work done by Aurecon (Now Zutari) in respect of the Ndlambe coastline and any issues 

uncovered during that study.7 

 Sarah Baartman District Municipality in in line with their Coastal Management Programme 

(CMPr) “A Coastal Management Programme for the Sarah Baartman District Municipality 

(Draft for Public Review) CEN Integrated Environmental Management Unit - October 2019”, 

which has been drawn up in accordance with the requirements of Section 48 to 50 of the 

National Environmental Management: Integrated Coastal Management Act 24 of 2008 (ICMA).  

This CMPr has already red-flagged several issues such as the fragmented and ineffective 

approaches to coastal management, beach erosion, sand inundation of public facilities, boats 

speeding in no wake zones, illegal launch sites and jetties.  It includes promoting collective 

responsibility for coastal zone management by the public and government as part of its vision.  

It also proposes that coastal management efforts must adopt a risk averse and precautionary 

approach under conditions of uncertainty, which is also a tenet of this proposal.  A priority area 

of the CMPr is to implement a strategy to improve the management and protection of 

estuarine resources; and to secure sufficient financial resources to fund and implement 

identified actions, research projects, initiatives, and advisory forums 

 Environmental Authorisation by the Eastern Cape Department of Economic Development 

Environmental Affairs and Tourism 

  
 

7 Aurecon - Ndlambe Dune Study: Kenton Dune Maintenance Management Plan (2019). 
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5. CONCLUSION 

It is generally accepted that closure of the Bushman’s River mouth would severely impact 

the well-being of many people in South Africa.   

While the gradual siltation of the river appears to be continuing since the last flood in 1932, 

the history of the estuary is considered, and a proposal is put forward to gradually address 

the most critical elements of siltation and related dune fields that have been created using 

a minimal risk approach.  Once the work has commenced the effects on the surroundings 

need to be carefully monitored and a suggestion to include this as part of an Estuary 

Management Plan is put forward.  

 



Appendix A:  Historic Movement of River Channels 

 17  

 

 

 

6. APPENDIX A:  HISTORIC MOVEMENT OF RIVER CHANNELS 

It is a given that many estuaries in South Africa, and in particular the Bushman’s River with 

its very long tidal estuary of some 20km, have higher water velocities occurring with 

incoming (flow) than outgoing (ebb) tides.  This is due to the asynchronicity of the ebb and 

flow tides in the river relative to the sea.  A portion of the “head” of water in the river that 

is built up during the incoming (flow) tide is still present when the sea reaches low tide and 

this, together with the momentum of the river water, has to be overcome by the incoming 

sea before the water in the river changes direction in the mouth.  In the case of the 

Bushman’s River the bridge also contributes to holding back some of the water during the 

ebb tide further delaying that change of direction of the water in the river mouth.  In 

addition, the shape of the mouth, where waves generally do not directly enter the river 

mouth, mean that the level of the water in the sea rather than incoming wave action forces 

the river water to turn around.  The change from ebb to flow in the river occurs roughly 1 

hour after the change in the sea at low tide.   

In contrast, at the turn of the tide from high-to-low, the flow in the river changes soon after 

the sea as the velocity of the incoming tide reduces as the sea nears high tide and it is only 

the minor momentum of the water that keeps it flowing upstream after the sea has turned.  

The shape of the mouth probably also contributes to this situation.  At high spring tides with 

strong westerly winds and concomitant high wave heights, waves do enter the mouth and 

delay the river from turning; also, to around 1 hour after the sea. 

This means that the river only experiences an incoming tide for around 5 to 6 hours per day 

whereas the duration of the outgoing tide is around 7 to 8 hours to expel the same volume 

of water. 

A further factor influencing ebb and flow tide velocities is the location and height of various 

part of the sandbanks in the river and whether the incoming tide can flow over the sandbank 

while the outgoing tide is more restricted to the channels due to the higher level of the 

upstream sides of the sandbanks. 
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Studies on the Breede River mouth8 

have shown that it does not have a 

similar degree of asynchronicity in the 

mouth and, in addition, due to the 

much larger flood channels over the 

sandbank than ebb channels, the 

velocity in the main ebb channel is 

higher during the ebb tide than the 

food tide.  Unlike the Bushman’s 

River, the Breede River mouth has 

largely kept its shape over the past 

154 years.  

These aspects of flow in the 

Bushman’s River Mouth over the past 

90 years are discussed in more detail 

below with the help of aerial 

photographs obtained from Chief 

Directorate National Geo-Spatial 

Information.9  

One of the problems of using the 

aerial photographs is that the state of 

the tide at the time of the photograph 

is uncertain. 

  

 
8 The Breede River estuary (Cape Province, South Africa): A historical perspective on hydrology, geomorphology, and 

sedimentology Burg Flemming & Keith Martin Geo-Marine Letters (2021) 41: 15  https://doi.org/10.1007/s00367-021-

00686-8  

9 http://www.cdngiportal.co.za/CDNGIPortal/ 

Figure 6-1: Breede River Mouth over time 

https://doi.org/10.1007/s00367-021-00686-8
https://doi.org/10.1007/s00367-021-00686-8
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6.1 1934 Situation 

In 1934 the Bushman’s River Mouth appeared as a braided stream with several major 

channels across the estuary as shown below.  The channels appear to have been created by 

fast-flowing flood waters.  The year of the flood is uncertain but Kovaks10 shows 1:60-year 

floods in the Sundays and Great Fish rivers in 1932. The headwaters of these rivers straddle 

the Bushman’s River.  Therefore, it is assumed that a similar flood occurred in the Bushman’s 

River in 1932.  

  

 

At the mouth, the main channel was located close to the east bank with a large dune west 

of the mouth.  Dry bones valley appears as a pristine “sand by-pass”11.  The mouth itself on 

this photograph is only around 40m wide at its narrowest point. 

  

 
10 Kovaks “REGIONAL MAXIMUM FLOOD PEAKS IN SOUTHERN AFRICA”, DEPARTMENT OF WATER AFFAIRS TR137 December 

1988 

11 Estuary Care - Wilmot et al 

Figure 6-2: 1934 Aerial Photograph 
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6.2 1955 

By 1955 the main channel had moved to the west bank at the Bushman’s beach, a position 

that has largely been maintained to the present time.  The east bank channel is still fairly 

substantial and appears largely cut-off at both ends by sandbanks.   Dry Bones Valley is still 

a pristine sandy valley with the road down to Middle beach also visible.  A small amount of 

vegetation is visible at the western entrance to Dry Bones Valley. 

 

 

 

 

 

 

  

Figure 6-3: 1955 Aerial Photograph 
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6.3 1966 

The 1966 photo shows the river with a wide mouth and plenty of water in the river.   The 

grass island immediately downstream of the bridge, which was the starting point for most 

high tide skiing in the estuary at that time, is also visible.  The west bank dune that was being 

driven eastwards into the river by the west wind, and which was a cause for concern with 

respect to estuary closure, is also shown. 

The sand in dry bones valley is starting to be covered in vegetation due to Municipal 

intervention in the form of Port Jackson Willow (Acacia Saligna) branches spread in the area 

to prevent sand movement. 

 

 

  

Figure 6-4: 1966 Aerial Photograph 
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6.4 1973 

The 1973 situation shows the west bank channel having won part of the battle against the 

encroaching dune and some growth of water grass (Zostera) in some of the channels. 

The channel along the east bank only existed at high tide.  At low tide the main channel was 

approximately 70m wide.  This was also approximately the last year during which new year’s 

boat races could take place in the river at high tide.   

The vegetation of the sand in Dry Bones Valley is increasing. 

 

  

Figure 6-5: 1973 Aerial Photography 
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6.5 1979 

By 1979 the substantial amount of ongoing siltation that had occurred since the bridge was 

built, and the builders rubble was left to reduce the opening of the portals, had reached a 

peak.  No significant movment of the channels occurred between 1959 and 1979 as there 

was not sufficient water velocity to cause any erosion.  The portals were opened in 1978 by 

removng the rubble, and from this date forward enough water flowed in the estuary with 

sufficient velocity to cause some migration of the channels coupled with the formation of 

meanders.  The size of the “mouth sandbank” should be noted.  The east channel was no 

longer navigable at high tide other than for the small spur shown below.  The west bank 

channel in front of the houses on the west bank was only navigable at high tide. 

Vegetation had been planted on the western dunes and this prevented any further forward 

movement of these dunes.  The deep water portion of the main channel along the west bank 

was around 50m wide while the river mouth was only around 20m wide. 

Vegetation of the sand by-pass has increased. 

 

 

  

Figure 6-6: 1979 Aerial Photography 
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6.6 1990 

By 1990 some formation of moving meanders has occurred but the west bank meander near 

the bridge (bridge meander) has not moved at all, and its commencement point appears to 

have moved backward towards the bridge by about 20m.  The east bank meander at the 

bottom of Paisley Road (Paisley meander) has moved forward towards the mouth 

substantially by about 110m since 1979 – about 10m per year.   The forward movement of a 

meander depends on the velocity of the water and the consistency of the material that is 

being eroded.  The bridge meander is formed by compacted vegetated mud while the Paisley 

meander is sandier with only minor vegetation. 

The Bushman’s beach meander has eroded the beach to a narrow strip of sand and is cause 

for concern with the development of various rock and sandbag solutions to arrest this 

erosion.  The inside of this meander has moved forward by 10m since 1979.  The main 

channel is still around 50m wide while the mouth is 20m wide. 

The sand on the mouth sandbank has increased in height and some vegetation of this 

sandbank is starting to occur at dry bones valley while dry bones valley itself is substantially 

vegetated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 6-7: 1990 Aerial Photograph 
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6.7 2003 

The Google Earth 2003 satellite image shows the Paisley meander moving forward by a 

further 70m since 1990 while the inside of the Bushmans beach meander has moved also 

moved forward by some 80m and has further eroded the Bushman’s beach although the 

sandbag wall has retarded further erosion of the west bank sand dunes.  The forward 

movement of the Paisley meander is being retarded by mud and vegetation.  Vegetation of 

the islands below the bridge is increasing. 

The mouth sandbank has become a wind blown dune along the east bank and vegetation of 

this dune has increased substantially. 

 

  

Figure 6-8: 2003 Satellite Image 
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6.8 2010 

The 2010 image shows roughly the same picture as 2003 but with some meander rebound 

cutting channels into the mouth sandbank.  The eastern channel at the mouth appears to be 

a remnant of the August 2007 west windstorm and spring tide that moved the channel at 

the mouth 200m eastwards.12 This sandbank was again eroded to its 2010 position by Feb 

2008.  

The Paisley meander has moved forward substantially by another 100m, and this is mainly 

due to erosion of a small quantity of mud along the outside edge of the meander as well as 

the sandbank. 

The inside of the Bushman’s beach meander has moved back to its 1990 position albeit 

submerged at high tide.  This is probably caused by the stone pier that was built on the west 

bank at the Bushman’s beach. 

The east bank sand dune has increased in size and the vegetation along the toe of the dune 

has advanced towards the west. 

It would appear that ebb and flow tides have dominant flows in different channels which 

may have reduced the differential velocity in the main 

channel and contributed to reducing the overall sand 

inflow. 

 

  

 
12 Personal Communications Dennis Laubscher 

Figure 6-9: 2010 Satellite Image 
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6.9 2016 

The Paisley meander has moved forward by some 30m while the inside apex of the 

Bushman’s meander has moved back to its 2003 position.  It seems as if this angle of the 

meander is the equilibrium angle considering the consistency of the sandbank material and 

the current velocity. 

The east bank sand dune has increased in extent and height and a portion is starting to move 

up dry bones valley and has covered the parking lot. 

 

Figure 6-10: 2016 Satellite Photograph 
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6.10 2021 

The current channel is shown below.  The east bank dune is of substantial size with 

vegetation over a considerable portion of the dune.  The main channel appears to be 

relatively shallow across from the Bushman’s beach.  The Paisley meander is no longer 

advancing at any significant rate and it would appear that material which enters the meander 

from the adjacent dune on the sand bank, due to ebb tide erosion as well as wave action 

during high spring tides, is being deposited along the inside of the Bushman’s meander. 

The sandbag wall has been substantially breached by the river. 

The mouth is being pinched by the advancing west bank sand. 

Vegetation is starting to grow on the Dry Bones dune.  

 

Figure 6-11: 2021 Satellite Photograph 
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6.11 Bushman’s River Mouth Short Term Channel Movements 

The following sequence of images from Google Earth show the relatively substantial short-

term movement that occur in the river mouth depending on the dominant wind/wave/tide 

interactions.  

 

Figure 6-12: 8/2013: Note the wind-created sandbank extending eastwards in the Mouth 

 

Figure 6-13: 2/2016: Sandbank at the mouth largely disappeared and Dry Bones Valley dune advanced 
substantially. 
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Figure 6-14:  3/2017: Similar to 2016 but with DBV dune advancing as a narrow front. 

 

 

Figure 6-15: 4/2017: Bend at the mouth has moved westwards by around 20m 
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Figure 6-16: 11/2018 after 3 storm events (2017 and 2018): Note west-wind created sandbank in the mouth – 
remaining easterly protrusion of some 75m in spite of many erosion cycles.  

 

Figure 6-17: 3/2019: Western sandbank at mouth removed again. 
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Figure 6-18: 1/2021 after a storm event in October 2019 showing some deep channels near the mouth – possible 
remnants of west bank incursion during high west winds 

 

Figure 6-19: 5/2021: Position of last bend in the mouth back to that of 4/2017 
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The movement of the sand in the mouth is rapid and substantial, depending on the prevailing 

winds and tides.  In the late winter west winds appear to dominate with substantial eastern 

movement of the mouth and sand deposited in the river.  Later in the year the west winds 

are less dominant, and the “mouth” moves westwards.  

Upstream of the Paisley meander the sandbank movement is much slower due to less 

influence from the sea and the less sandy texture of the sandbank materials.  

Figure 6-20: 9/2021: West side of mouth back to earlier positions but DBV dune extending into the mouth. 
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7. APPENDIX B: KARIEGA ESTUARY MOVEMENTS 

The Kariega estuary below the bridge has sandy sediments and the channel movements are 

similar to those of the Bushman’s River in the vicinity of the river mouth in respect of rapid 

and substantial movements.  The estuary is also influenced substantially by high seas and 

Equinox spring tides such as occurred in September 2018 and October 2019.   

A feature of the Kariega is the secondary main channel that always appears some 240m 

behind the primary channel and appears to take over as the main channel when the latter is 

closed or diminished due to high seas. 

 

Figure 7-1: Kariega Mouth 1955 

In 1955 the Kariega estuary looked very similar to what it does today.  The western spur 

being an indicator of a previous channel that has been closed off by the sea to reform as an 

east channel.  The width of the main channel at the location of the present bridge is similar 

to the bridge width at 80m. 
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Figure 7-2: Kariega Estuary 1966 

In 1966 the estuary shows that the main channel meander has moved forward by around 

300m to a position it typically occupies until the sand bar at the mouth is breached by high 

seas and the main channel is closed off or pushed backwards by the sea.  
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Figure 7-3: Kariega River 1990 

In 1990 the Kariega river estuary looks very similar to what it did in 2021 with the main 

channel immediately behind the coastal sandbank and a secondary channel formed some 

240m behind the front channel. 

The intention of the next set of photographs is to show how rapidly the Kariega channel 

moves forward and is replaced by a secondary channel as soon as it gets too close to the sea 

with no indication of approaching mouth closure.  

However, it is also worth noting how the sandbank immediately below the bridge has grown 

over the years and the channel has shifted towards a more easterly position.  Over time, it 

may be necessary to remove some sand in this area to retain good flow characteristics of the 

channel here.  
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Figure 7-4:  2010 main channel at max forward position 

 

Figure 7-5: 8/2013 secondary channel formed and advanced.  Concentrated channel below bridge for the full 
width of the bridge 

 

Figure 7-6: 2016 channel at the end of a spur which does not match the shape of the 2013 spur which could be 
indicative of a further substantial movement of the main channel between 2013 and 2016.  Channel below the 
bridge has been reflected eastwards and has spread out. 
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Figure 7-7: 4/2017: Main channel at maximum forward position 

 

Figure 7-8: 11/2018 Secondary channel almost at maximum forward position after storm events in 2017 and 2018 

 

Figure 7-9: 3/2019 Main channel in similar position to 11/2018. 
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Figure 7-10: 1/2020 after storm event in 30/10/2019 

 

Figure 7-11: 8/2020 showing spur remnant of 1/2020 channel position 

 

Figure 7-12: 9/2021 Secondary channel formed 240m behind main channel.  The main channel below bridge is 
now in an easterly position and no longer along the bank. 
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8. APPENDIX C: POTENTIAL FLOOD 

8.1 Catchment 

The Bushman’s River has a moderately large catchment of some 3 000 km2.  The Kariega 

catchment is smaller being around 830km2.  The Kowie catchment is around 930km2.   

The last major flood in the Bushman’s River probably occurred in 1931/1932.  At that time 

floods of 5 400 cumecs and ca. 2 000 cumecs were recorded on the Sundays and Little Fish 

Rivers respectively (Kovaks 1988) and these floods were representative of a 1:60 years flood.  

The Little Fish River rises immediately North of the Bushman’s River near Somerset East 

while the measurement in the Sundays River was taken some 40km west of this point.  

 

Figure 8-1: Bushman's Kariega and Kowie River Catchments 

8.2 Weather 

The weather pattern for flooding in this area is to have a cut-off-low in the interior near the 

mountains and a black South Easter blowing moisture laden air into the interior. The 

following extract from this report is worth repeating here.13 

All of the case studies that had synoptic data available showed to have a cut-off-low (COL) 

system present with the upper air low lying westward of the flood area. The surface synoptic 

situation presented an intense high-pressure system lying southwest or south of the country 

in the Atlantic Ocean between 35-45°S. Another key factor was a surface trough over the 

 
13 A METEOROLOGICAL ANALYSIS OF EXTREME FLOOD EVENTS IN THE SOUTHERN PARTS OF THE 

EASTERN CAPE, SOUTH AFRICA A thesis submitted in fulfilment of the requirements for the degree 

of MASTER OF SCIENCE AT RHODES UNIVERSITY By TENNIELLE LINDSAY JACOBS April 2017 
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interior of the country, due to the COL, extending southwards to protrude off of the south or 

southeastern coastline east of the flood areas. The combination of these three systems 

colloquially referred to as a “Black South-Easter”, produced dangerous rainfall intensities 

when the winds were perpendicular to the coast. 

The results of the surface observations revealed temperatures increasing at night (against 

diurnal cycles) with increasing relative humidity preceding the heavy rainfall events. The 

pressure showed both increasing and decreasing trends during heavy rainfall events however 

in five of six cases a tight pressure gradient was present producing an influx of moist air into 

the flood area. Onshore winds were found to be of high importance in heavy rainfall events 

to bring moist air into the area. Wind speeds greater than 5m/s occurred during times of high 

rainfall intensities.   

This reference mentions major flood events occurring in the region as listed in the table 

below: 

 

8.3 Maximum Flood 

The regional maximum flood (MRF – highest flood that can reasonably be expected to ever 

occur) that can ever be expected in the Bushman’s River is around 6 000 cumecs while the 

probable 1:100-year flood is 3 700 cumecs (Kovacs).  The 1970 flood in the Nahoon river was 

measured at some 2 700 cumecs and approached the RMF for that catchment of 473 

km2(Kovacs). 

In 1971-08 a flood of 1 000 cumecs (1:22 year flood) was measured in the Bushman’s River, 

South of Alicedale. (Kovacs). 
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Figure 8-2: 1970 Flood Damage in East London 

Should a flood of 3 700 cumecs occur the river can be expected to rise by around 4 to 5m in 

the Estuary while at the bridge the water will rise to around 8 to 9m excluding any backwater 

built up by the causeway.   At this height, the water level will effectively overtop the bridge.  

The duration of the flood will determine how much silt will be deposited in the river when 

the flood recedes.   
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8.4 Dams in the River 

There are 20 registered dams in the Bushman’s River catchment.14   The total volume of all 

these dams is around 8 000m3 with the New Year’s Dam contributing 4 700m3 of this total.  

Most of these dams are located on the New Year River above the New Year’s Dam. 

 

Figure 8-3: Dams in Bushman's River Catchment 

Therefore, in a high rainfall event the dams will only play a role if the major portion if the 

rainfall is in the New Year’s River catchment and if that flood approaches the 1:200-year 

flood, the dams will literally be filled in a few seconds.  

8.5 Conclusion 

A major flood may yet occur to open up the estuary and remove all the sandbanks (and many 

other features of the estuary) in the future.  Climate change and related high rainfall patterns 

such as the recent high rainfall and floods in East London where 10 people died, could also 

play a role. 

 
14 DEPARTMENT OF WATER AFFAIRS AND FORESTRY Directorate:  National Water Resource Planning  

ALBANY COAST SITUATION ASSESSMENT STUDY UWP Consulting (Pty) Ltd December 2004 
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9. APPENDIX D: WEST BANK DUNE MIGRATION 

The dunes on the west bank of the Bushman’s River were vegetated in the 1970’s and the 

vegetation reached a maximum distance to the west in ca. 1990.  Since then, the western 

dune-field has gradually migrated in an easterly direction due to dominant west winds 

between July and October15.  The following set of photographs shows the movement of these 

dunes between 1990 and 2021. 

Figure 9-1: 1990:  Dune front approximately 90 m east of red line. 

 

 
15 Dennis Laubscher personal communications 
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Figure 9-2: 12/2003 Dune front 156m East of red line 

 

Figure 9-3: 8/2010 Dune front 177m East of red line 

 

  



Appendix D:  West Bank Dune Migration 

 46  

 

 

 

 

 

Figure 9-4: 8/2013 Dune front 224m from red line 

 

Figure 9-5:  2/2016 Dune front 244m from red line 
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Figure 9-6: 3/2019 Dune front 290m from red line 

 

 

Figure 9-7: 9/2021 Dune front 310m East of red line 
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As shown in the set of photographs above the front of the western dune-field has moved 

forward, being 90m from the reference line in 1990 and 310m in 2021.  This is a distance of 

some 220m over a period of 30 years or roughly 7m per year.  The front is now 234m from 

the riverbank and if its forward movement continues at this pace, it will reach the river in 

another 30 years. 

 


