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#

 NELSON MANDELA SPEAKING AT A RALLY, KINGS PARK STADIUM, DURBAN, 25 FEBRUARY 1990

The past is a rich resource on which we can draw in order to make decisions for the 
future, but it does not dictate our choices. We should look back at the past and 

select what is good, and leave behind what is bad.
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Admiralty reserve narrow strips of State land, seldom more than 60 m wide, that are dispersed along the coastline above the 
high-water mark

Amphidromic points an area within the ocean where no �dal change is experienced - also known as a “�dal node”

Beach sandy environment located above the low-water mark

Benthic rela�ng to the seabed

Caisson a water�ght retaining structure used in the construc�on of piers and other engineering works

Clapo�s a non-breaking, o�en reflec�ve wave

CML coastal management line

Coffer dam a temporary dam that is used to undertake construc�on work

CPP coastal public property

CPZ coastal protec�on zone

Crenulate (shoreline) having a finely scalloped or notched outline/edge 

CVI coastal vulnerability index

Cyclone a meteorological depression accompanied by severe winds

DFFE (Na�onal) Department of Forestry, Fisheries and the Environment

Dune system collec�ve term for the various dune forms that may be present in the supra�dal zone

EDTEA (KZN) Department of Economic Development, Tourism and the Environmental Affairs

EIA environmental impact assessment

ELP electrical light pollu�on

Ephemeral las�ng for a very short �me 

Erosion a surface process whereby material (e.g. sand, rock) is transported by physical forces from one locality to 
another

Founding in construc�on, the bedding upon which a structure is established

Hapua small streams entering the beach/sea

HWM high-water mark  (defined within the ICMA as the highest line reached by coastal waters, but excluding 
that reached as a result of excep�onal or abnormal weather or sea condi�ons; or an estuary being closed 
to the sea)

ICMA Integrated Coastal Management Amendment Act (36 of 2014)

Glossary and abbrevia�ons
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Inshore within the sea, but close to shore

Inter�dal por�on of shoreline between the high �de and low �de extremes

IPCC Intergovernmental Panel on Climate Change 

KZN KwaZulu-Natal

Leeward downwind or downward from the point of reference 

Li�oral dri� the movement of materials, mainly sand and silt along the coast, driven by waves and currents

LWM low-water mark

Natal Bight wide por�on of the offshore KZN shelf, with differing circulatory pa�erns and currents

Nearshore that part of the sea and seabed that is close to shore

Offshore that part of the sea that is rela�vey distant from the shore

Pelagic the open ocean

Prograding the advancement of a coastline towards the sea as opposed to “retrea�ng” or “eroding”

Promontory a high point of land or rock projec�ng into a body of water 

Psammoseral rela�ng to dune vegeta�on and succession

Rainbow a method of pumping sand onto a beach by dispersion of sands from a dredger into the nearshore as a 
form of beach nourishment

Retrea�ng (coastline) the landward advancement of the sea - as opposed to “prograding”

Reverse osmosis process that uses membranes to separate dissolved materials from water

Roaring For�es
0strong winds origina�ng from below the 40  south la�tude

Sessile (organism) fixed in one place or a�ached

SLR sea-level rise

Storm surge temporary increases in sea level arising from atmospheric storms and strong winds

Stoss that por�on of the dune facing the prevailing wind

Sub�dal below the level of low �de

Supra�dal the por�on of coastline above the spring high �de line where marine influences s�ll remain significant 

Tides a  response by the sea (and other large bodies of water) to the gravita�onal and centrifugal forces that 
arise from the interac�on of the earth, sun and moon

Vagile (organism) free to move about

Waves “pulses of energy” or oscilla�ons in the sea and are generally the product of winds but can also be caused 
by earth tremors and other physical movements 
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Overview map of the KZN coast
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Dolerite and sandstone promontories with pocket
beaches and occassional longer beaches to the 
north and around river mouths. Rela�vely stable
dunes with some stability having been induced by
human ac�vi�es (e.g. plan�ng of casuarina).

Sandstone promontories and cliffs 
with numerous small rivers and estuaries. 
Numerous pocket beaches with wider 
and longer beaches being associated 
with river mouths and small crenulate bays.

Recent, highly transgressive dunes of 
the Zululand coastal plain. Beaches are wide.
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Ÿ Environmental assessment prac��oners, planners, architects and engineers.

The coast is a cherished environment for human se�lement, but is also one in which environmental protec�on, economic viability and social 
equity are interdependent and interact. The coast must therefore be treated as a dis�nc�ve and indivisible system, recognising the 
interrela�onships between coastal users and ecosystems. 

KwaZulu-Natal (KZN) is no excep�on, with the Provincial Coastal Management Programme (PCMP) se�ng objec�ves to ensure coastal 
development occurs in a manner that is appropriate, adap�ve and systems-based. As a PCMP output, the Department of Economic 
Development, Tourism and Environmental Affairs (EDTEA) has produced this handbook on “best prac�ces” for 19 common development types 
and ac�vi�es which affect our coastline. 

This document brings together the informa�on most relevant to coastal prac��oners who are planning or undertaking work in KZN. Its use will, 
we believe, contribute to the wise management of one of our most valuable assets - our unique coastline.

The need for sound planning and effec�ve management of the coast has long been recognised, with policymakers worldwide defining policies 
and legisla�on to address the challenges in the coastal zone. Appropriate coastal land usage, access to the coast, coastal livelihoods, degraded 
coastal and estuarine resources, impacts of climate change and storm damage are all issues requiring ac�on. 

Purpose of this handbook
Ÿ Provides a background on the various physical, biological and in some cases, social issues that should be given considera�on in the 

planning of a development along the KZN coast.

Ÿ Iden�fies coastal processes that may affect specific ac�vi�es and development types.

Ÿ Presents best prac�ce approaches and how to mi�gate the various impacts that may be iden�fied.

Ÿ Provides direc�on and suppor�ng informa�on to authori�es on issues that should be considered when requested to comment 
on/authorise coastal development applica�ons. 

Ÿ Iden�fies coastal processes that may be affected by ac�vi�es along the coast.

Who is this handbook for?
Ÿ Proponents of coastal projects.

Ÿ Government officials who carry the responsibility for the implementa�on of integrated coastal management.

Ÿ Anyone with an interest in ensuring that the coast is sustainably managed.

Limita�ons 

Ÿ Every effort has been made to write this handbook in a language and style understandable to the layman. 

Ÿ Civil society and environmental organisa�ons.

Ÿ This is a prac�cal resource and not a subs�tu�on for the site-specific inputs and recommenda�ons needed from a suitably qualified 
professional. 

Ÿ This handbook should be read in conjunc�on with the relevant legisla�on, including the Integrated Coastal Management Amendment 
Act, na�onal and provincial policy documents and municipal by-laws. 

Purpose 

vii





Overview of the KwaZulu-
Natal coast 

uMgeni estuary and Durban’s coastline
Photo: Kierran Allen
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Overview of the KwaZulu-Natal 
coast 1

The KZN coastline occupies approximately 20% of South Africa’s coast and offers year-round warm weather and water 
temperatures, making it a popular tourist des�na�on. It also embraces the busiest port within the country and indeed Africa. 

1.1 Overview 

1.3  Six common coastlines in KZN

1.2 The zones of the KZN coast
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As a result of its loca�on and development, the coast has physical 
and biological linkages with both the terrestrial and marine 
environments. Simple changes in the coastline can have far-reaching 
consequences at not only the point of origin of such change, but for 
por�ons of the coast that at first glance, may have no direct 
rela�onship or associa�on. 

The 580 km KZN coast stretches from the uMthavuna River in the 
south to just north of the Kosi Lake system. A notable feature of the 

coast is that at a provincial or larger scale, the coastline is rela�vely 
straight and lacks the irregular and jagged form that is characteris�c 
of the Western Cape and Eastern Cape coastlines. In part this is due 
to the geological history of southern Africa but meteorological 
factors, the marine environment, sediment budgets and biological 
factors all serve to alter the nature of this coast. Such differen�a�on 
serves to remind one that coastal management prac�ces in KZN 
should differ somewhat from other regions. Sand is the dominant 
driver of coastal morphology and dune systems along the KZN coast. 

The zone between the sea and land in any geographic loca�on is a 
unique and dynamic se�ng that has been shaped by the physical 
factors inherent within the marine and terrestrial environments. 
These influencing factors occur at various scales ranging from local 
to global extents and are the primary factors responsible for the 
development of coastlines. These drivers can generally be divided 
into marine, meteorological and terrestrial factors that interact 
synergis�cally and o�en antagonis�cally, to create diverse 
forma�ons and habitats. Although they may be physically different, 
all these influences are in�mately linked to adjacent por�ons of 
shoreline for the very form and characteris�cs of the coastal zone. 

The coastline of KZN occupies approximately 20% of the South 
African coast and embraces the busiest port within the country and 
indeed Africa. KZN is also a premier tourism des�na�on on account 
of its year-round warm weather, coastal waters and sandy beaches. 
To add to this mix, dune mining, recrea�onal fishing and commercial 
fishing are all important economic ac�vi�es associated with the KZN 
coast. These ac�vi�es are reliant upon the unique features and 
factors of the coastline, while at the same �me they themselves have 
a hand in shaping the coast.

Ac�vi�es which alter the rela�onships between the various physical 
and biological factors present along the coast should be undertaken 
with cau�on if the coast is to be u�lised in a sustainable manner. This 
approach is encapsulated in the ICM Act, which governs coastal 
management and related ac�vi�es in South Africa. It defines 
“coastal ac�vi�es” as ac�vi�es that take place “in the coastal zone” 
or “outside the coastal zone but have or are likely to have a direct 
impact on the coastal zone”. The defini�on of coastal zone can be 
determined in a legal-administra�ve manner or alterna�vely in a 
scien�fic manner. This handbook adopts the la�er, but with due 
regard to the legal aspects that become important in the planning 
and implementa�on stages of development. 

Ÿ The northern (Zululand) coastal plain which aligns in the south 
with the uThukela River and progresses northwards to the 
Mozambique border;

Ÿ A central por�on of the coast that is intermediate between the 
northern Zululand coastal plain and the southern coastlines; and

Ÿ The more southerly region, which stretches from approximately 
Durban to Port Edward.

Three major coastal regions can be iden�fied along the KZN Coast. 
These differ according to the nature of the shorelines and dune 
cordon with differing plant communi�es or habitat. Although 
anomalies can be found within each region, they are broadly: 

1.1 Overview 

Sandy beaches and dunes near Dokodweni 

Photo: Omar Parak
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South of Durban, the KZN South Coast comprises a rocky coastline 
with intermi�ent pocket beaches and numerous small estuaries. 
Much of the tourism development in the region is focused on these 
pocket beaches and estuaries. With a rela�vely deep inshore 
bathymetry, small beaches bound by rocky promontories and a 
reduced sediment budget, the south coast of KZN is suscep�ble to 
large storm events and erosion of its beaches. Limita�ons on the 
seaward encroachment of development is key to coastal 
management in this region. 

In the sediment-rich northern region, extensive dunes dominate the 
supra�dal environment. The significant increase in sandy beaches in 
the north may be par�ally linked to the northward decrease in wave 
energy. This sediment-rich coastline has resulted in numerous 
a�empts to manipulate sediment transport and the sand sharing 
systems in these areas. Most of these efforts have ended in failure. 
The reinstatement of the connec�on between the St Lucia and 
Mfolozi Rivers is an a�empt to reverse previous efforts to 
manipulate sediment transport in and around the St Lucia River 
mouth, while the abundance of casuarina planta�ons in places such 
as Sodwana Bay and Cape Vidal are evidence of endeavours to 
stabilise the sand sharing system. In such instances, the sea has 
slowly but surely reinstated its own sediment transport regime, 
much to the chagrin of coastal managers. Richards Bay, a harbour 
town to the south, is the economic centre of this region. The harbour 
is founded on and around an extensive estuary, the uMhlathuze, 
which was once a braided river mouth, bound by transgressive 
dunes. Here manipula�on and stabilisa�on of the coastline has also 
resulted in severe erosion and increasing threats to infrastructure.

Centrally, the Natal Bight takes centre stage along the coast. In this 
region a differing geology to that of the north is apparent, 
comprising of dolerite and sandstone promontories with some 
rela�vely long beaches and longitudinal dunes. Sediment budgets in 
this region are significantly different from those in the north, with far 
less sediment being transported via the longshore dri�. 
Consequently, the sand sharing system is less robust than along the 
Zululand coastal plain, and significant varia�on in beach profiles can 
arise, as well as more defined seasonal beach rota�on. This area 
shows rela�vely greater economic development than is found in the 
north with coastal se�lements transforming into “ribbon 

development” along the coast. The eThekwini Metropolitan region 
in the south forms the economic hub of the province and has at its 
heart a harbour borne out of a crenulate bay and associated river, 
with its main coastal tourist a�rac�on founded on stabilised dunes 
and reclaimed shoreline. 

Steep dunes at Leven Point

Photo: Stuart Dunlop

Port of Durban

Photo: Kierran Allen 
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Tourists enjoying a sunny KZN South Coast beach

Photo: Blue Flag



The sub�dal environment is a wholly marine habitat which lies 
below the low-water mark and is never exposed to the air. Sedentary 
life in this environment is reliant upon complete immersion in the 
sea. The sub�dal environment is o�en hidden from view but remains 
an important determinant of factors affec�ng coastal development. 
Changes in the supra�dal environment may affect the nature of 
habitats below the low-water mark, for example more sediment may 
be diverted offshore onto reefs or sand bars. Such changes have 
long-term consequences on the localised ecomorphology of the 
area, as well as possible social and economic ramifica�ons. 

The beach environment is that por�on of the sand sharing system 
where sediment lies transi�onally between the inter�dal zone and 
the dune cordon. Along the beach, sand is generally in a state of flux, 
being transported either back to the marine environment or 
landward into the dune environment. Although some species have 
adapted to life within beach sands, much of the fauna encountered 
within the beach are transitory and move according to the �des, 
taking advantage of opportuni�es to scavenge on flotsam. Some 
species, such as turtles, use the beach sands as a nes�ng ground and 
lay their eggs high up on the back beach, near the dune toe, where 
wave inunda�on is unlikely. The beach environment is o�en 
considered inert. However, it is an important transi�onal habitat 
between the marine and terrestrial environments and like the dune 
environment, is a terrestrial buffer against marine surges.

The inter�dal zone lies between the low-water and high-water 
marks, which may be exposed in differing extents according to �des 
and wave condi�ons. Life in this environment can tolerate exposure 
to the open air and inunda�on by the sea, as well as the forces of 
waves and occasional engulfment by sands. However, the inter�dal 
zone is very suscep�ble to change as a consequence of 
anthropogenic interven�ons, which alter inshore processes. Being 
an area dominated by species showing high levels of bio�c 
adapta�on to a submerged and exposed environment, changes in 
such variable factors such as sediment transport, �dal inunda�on, 
increased ligh�ng or wave energy can elicit profound changes in the 
localised ecology.

The beach and dune systems of KZN vary according to a number of 
factors but typically present four key ecomorphological zones, 
namely the sub�dal environment, the inter�dal environment, the 
beach and the supra�dal environment which includes the back 
beach and dune systems (Figure 1). Some descrip�on and comment 
on these zones is presented below.

1.2 The zones of the KZN coast

Figure 1. Cross sec�on of a typical por�on of sandy coastline in KZN.

dune cordon

beach back beach

supra�dal

sea sub�dal
inter�dal

Subtidal reef on the KZN North Coast

Photo: Bronwyn Goble

Intertidal zone at New Mouth, Richards Bay

 Photo: Simon Bundy
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The supra�dal (dune) environment can comprise of one or several 
types of dunes interspersed across a narrow (several metres) to 
extensive (several kilometres) area that lies landward of the beach.  
In addi�on, some beaches can be backed by earth or rocky cliffs. 

The nature and form of the dune system allows for the interpreta�on 
of the various factors affec�ng that por�on of coast, as well as much 
of the ecomorphological history of the area. Dunes can primarily be 
divided into stable and transgressive systems; however, these two 
determina�ons require further interroga�on before decisions are 
made on origin, structure and stability. In addi�on, other physical 
features such as the dune slack, dune crest, the seaward or “stoss” 
face and the heel of the dune, make for differing ecomorphologies.

  

wind direc�on

wind direc�on

1. Embryonic or hummock 

Stable dune: Can be vegetated - usually with early 
pioneer and early sere species. 
Transgressive or mobile dune: Can be mobile, 
unvegetated dunes. 

Rounded dunes formed on the back beach. Usually 
not more than 1-2 m in height. 

Wind direc�on: Onshore, unidirec�onal or bidirec�onal. 
Other forma�on factors: Li�le incursion by high water 
and storm events. Under storm condi�ons dune may be 
removed. 

Stable dune: O�en vegetated along coastlines with 
adequate rainfall and tempered sediment input. 

2. Longitudinal 
Dunes that are formed generally parallel to the 
shoreline. 

Other forma�on factors: A sinuous dune system arises 
as bimodal winds move sediment leeward across the 
crest.

Transgressive or mobile dune: Usually only 
transgressive in arid environments.

Wind direc�on: Bimodal winds that are generally 
orientated at an acute angle to the dune, with a shore 
parallel dominant wind. 

Five types of dunes are generally encountered along the KZN coast: 

Dunes in iSimangaliso

 Photo: Simon Bundy

Typical KZN beach and dune environment

 Photo: Omar Parak

 Photo: Simon Bundy

Cliff near Port Durnford
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wind direc�on

 

wind direc�on

wind direc�on
3. Transverse 
Crescent-shaped to sinuous dune 
established perpendicular to prevailing 
wind or resultant dri� direc�on.

Transgressive or mobile dune: Generally 
mobile dunes.

Wind direc�on: Generally unidirec�onal. 
Other forma�on factors: High levels of 
sediment input required. 
Stable dune: Can have sporadic early 
psammoseral vegeta�on present on-site.

Crescent-shaped dune with winds posi�oned 
leeward.

Transgressive or mobile dune: Generally mobile 
dunes.

Other forma�on factors: Similar morphogenesis to 
transverse dunes but form under a sediment-deficient 
state. 
Stable dune: Normally devoid of vegeta�on - some 
early psammoseral vegeta�on may arise at points not 
suscep�ble to erosion. 

4. Barchan 

Wind direc�on: Generally unidirec�onal and onshore 
in coastal environments.

Stable dune: Generally not stable, but may become 
stable where there is a change in wind direc�on or 
velocity and/or sediment supply.
Transgressive or mobile dune: Generally mobile dunes.

Wind direc�on: Generally unidirec�onal and onshore.
Other forma�on factors: O�en associated with a loss 
of vegeta�on cover (“blow outs”) or may arise where 
“horns” are “anchored” by vegeta�on.

5. Parabolic
Crescent-shaped dunes that arise within exis�ng 
vegetated dunes. “Horns” point windward (cf. 
barchan dunes).
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2. A wide beach with extensive transgressive and stable dune cordon
These coastlines can vary from small to larger embayments. Most are characterised by strong, permanent rip currents and enclosing headlands. 
The li�oral dri� is broken into cells by the headlands and this can cause local li�oral dri� reversal. Sediment is introduced from the south and can 
remain resident for a �me before escaping to the north. The beaches within these embayments undergo a strong seasonal beach rota�on. 

1. A wide beach and frontal dune field 
O�en considered to be a prograding coastline. These coasts are characterised by inland dune fields and marine, longshore bar systems. 
Typically, they have wide beaches. They tend to be erosion-resistant.

1.3 Six common coastlines in KZN

secondary dune

Figure 2.  Typical features of a prograding coastline and dunefield.

beach

back beach / hummock dunes
slack 

moist slack 

primary dune

Zone 1: Ephemeral vegeta�on
Beach grass, creepers

(Sporobolus virginicus; Scaevola plumieri)  

Zone 2: Stable vegeta�on
Small shrubs, occasional  

woody species
(Chrysanthemoides monilifera; 

Mimusops caffra) 

Zone 3: Stable vegeta�on
Dense vegeta�on, larger  

woody species
(Brachylaena discolor; 

Sideroxylon inerme)

Moderately wide beach with
ephemeral dunes

Occasional sea inunda�on under high
�des and storm surges   

sea e.g. aMa�gulu to Mtunzini

Figure  3.  Typical features of a coastline with high sediment input and a wide sand sharing system.

wide beach

back beach

ephemeral dune slack 

secondary dune

Wide unvegetated beach and back beach
Occasional inunda�on and erosion under storm   

and high �de condi�ons

Generally unvegetated climbing dune
High level of sand movement 

inland (engulfment)
(Ipomoea pes-caprae; 
Arctotheca populifolia)

Dense tree-dominated 
vegeta�on with abrupt interface

(Brachylaena discolor; 
Mimusops caffra; Strelitzia nicolai)

stoss slope parabolic dune

abrupt vegeta�on
interface

sea e.g. iSimangaliso
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Also called a mixed coastline, these coasts consist of a variable geology and can o�en comprise of a thin veneer of sand on beaches that overlie a 
shallow bedrock.

3. A narrow beach with well-formed primary dune and a wide, some�mes moist, slack

4. A narrow beach and back beach with small, ephemeral dunes backed by a rock or semi-consolidated sandy to earth cliff  

These beaches are common to the central and southern por�ons of KZN and are o�en associated with lagoon outlets, where the lagoon 
mouth or estuary migrates either north or south.

Figure 5.  Typical features of a cliff or consolidated sediment coast.

lithic vegeta�on tolerant 
of wave inunda�on
and saline environment 

Inunda�on under high and some�mes 
low water to foot of cliff

Dry beach generally absent

Steep rock cliff (dolerite, sandstone 
or some�mes shale)

Niche environment for floral 
and faunal communi�es

Level to undula�ng ledge and paleo-dune environment
Dominated by Northern Coastal Forest, Southern Moist 

Coastal Forest and some�mes grassland
(Albizia adianthifolia; Dracaena aletriformis;

Strelitzia nicolai; Aris�da junciformis)

rock cliff/
consolidated cliff

wind-clipped, o�en 
grassland vegeta�on

coastal forest

sea

freshwater seepage may 
be apparent  

 e.g. Port Durnford and Glenmore Beach

Figure 4.  Typical features of a narrow, primary dune dominated coastline.
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Narrow unvegetated beach and back beach 
Steep scarps on occasions and 

ephemeral vegeta�on

Moderate to large 
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Wind-clipped vegeta�on
with wave and �de intrusion 

to toe of dune under high 
seas and storm condi�ons

Northern Coastal Forest
Dense canopy with low sub-canopy 
stra�fica�on and sparse herb layer

(Albizia adianthifolia; Apodytes 
dimidiata; Mimusops caffra;

Strelitzia nicolai)

dune forest

coastal forest

Wide dune slack o�en 
seasonally moist to wet

Verdant coastal vegeta�on
(Dracaena aletriformis; 

Hibiscus �liaceus; 
Phoenix reclinata)

beach scarp
back beach

sea

e.g. Blythedale Beach and Virginia Beach

primary 
dune

wind-clipped 
vegeta�on
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6. The urban coast, where anthropogenic interven�ons have changed the fundamental nature of the area 

 

5. A cliff environment with beach only exposed during low �des

Built structures influence sediment transfer both inshore and within the supra�dal environment, and the bio�c components have o�en 
changed according to the structures that have been established. Beach nourishment and sediment transfer systems are o�en essen�al to 
increase resilience in the face of sea-level rise and increased erosion events.

These coastal environments can be found in the south and central areas of the province or between Mtunzini and Richards Bay. Where a rocky 
cliff is encountered these areas are o�en the product of tectonic upli�, while in areas such as Port Durnford, earth cliffs are subject to significant 
erosion and are important contributors to the local sand sharing system.

Figure 7. An urban coastline as encountered in most coastal urban se�lements. 

Figure 6.  Typical features of a coastal cliff environment.
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Narrow unvegetated beach and back beach
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Steep rock (dolerite or 
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limited vegeta�on
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Level to undula�ng ledge and paleo-dune environment
Dominated by Northern Coastal Forest; 

Southern Moist Coastal Forest and some�mes grassland
(Albizia adianthifolia; Dracaena aletriformis;

Strelitzia nicolai; Aris�da junciformis)

beach scarp

rock cliff/ 
consolidated cliff

wind-clipped
vegeta�on

sea

seepage may be apparent

e.g. Shakas Rock and Uvongo

sea

narrow beach

promenade

Urban landscapeReclaimed land

seawall

e.g.  Durban, Ballito, Port Shepstone and Margate
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Overview of coastal 
processes  

Eroding coastline in uMdlo� 
Photo: Bronwyn Goble 
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Overview of coastal processes  2
There are a number of natural processes driving change within the coastal environment. These interact uniquely to shape 
the KZN coast, but disrup�ons to them can have long-term nega�ve impacts. 

2.1         Waves

2.2         Tides

2.3         Sediment, the sand sharing system and li�oral transport

2.4         Coastal/li�oral cells

2.5         The bio�c factors on coasts 

2.6         Estuaries 

2.7         Anthropogenic influences 

2.8         Climate change 
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Different types of breaking waves give rise to different forms of 
beach and therefore coastal structures should be designed to 
accommodate the most predominant breaking wave form.  
Theore�cally, a wave will break in water that is about 1.3 �mes the 
height of the wave. However, a rapid change in depth can lead to an 
abrupt reduc�on in speed and the wave will break quickly and with 
force. Where a gradual transi�on arises on the seabed, the wave will 
“crumble” and break in a gentler manner, giving rise to a spilling 

Inshore and breaking waves
As waves approach the coast, they move into shallower waters.  
Near the coast the effect of bathymetry or the shape of the seabed 
changes the mo�on of the wave. Waves, which normally travel in a 
straight, linear fashion become bent and warped, as parts of the 
wave front slows down in shallow water, while the rest of the wave 
con�nues to travel at a constant speed in deeper water. This leads to 
refrac�on or the bending of waves, most o�en seen on points and in 
bays (Figure 8). In addi�on, wave speed slows down as a wave enters 
shallow water and the wave height grows slightly, before it breaks, 
crea�ng much turbulence and white water. The predominant wave 
regime of the deeper oceans, where waves are generated, 

determines whether the receiving por�on of coast experiences 
more high energy waves or low energy waves. However, the 
nearshore bathymetry of the coastline also determines how waves 
discharge their energy and upon which por�on of the coast such 
energy is focused or dissipated. These are key factors to consider 
when evalua�ng the suitability of structures near the shore.

Another source of large waves may be “cut-off lows”, which are low 
pressure weather systems that remain “trapped” over the sea for 
some period. As cut-off lows o�en remain sta�onary in the southern 
Indian Ocean, they can generate swells that pound the KZN coast. 
Cyclones which are meteorological features that emanate from the 
north are responsible for the genera�on of large swells; however, 
their impact on the KZN coast is irregular. Other sources of large 
waves include seismic movements which may generate small 
“tsunamis”.  However, these events are rare.  

The differing shape and nature of the seabed creates different types 
of “breaking waves”. This gives rise to the predominant types of 
breaking wave (Figure 9). While the vagaries of the sea will change 
the nature of the seabed from �me to �me, selected places along 
the coast tend to exhibit par�cular types of seabed morphology and 
so the nature of the wave at these points is predictable. The form of 
wave encountered may however change, par�cularly when 
sediment transport is interrupted, and this has ramifica�ons for the 
nature of the shoreline.  

 

The winds of the Southern Ocean and South Atlan�c, which lie to 
the south of the African con�nent, are both strong and constant. 
Swells driven by low pressure systems moving northwards can 
produce, at �mes, extremely large waves that impact on the 
coastline of South Africa.  During the winter or indeed at other �mes 
of the year, swells are o�en driven far northwards onto the KZN 
coastline, scouring beaches and inunda�ng low-lying areas.  

Figure 8. Image of Sco�burgh depic�ng a crenulate bay and “point”. The 
promontory causes diffrac�on of southerly waves. Much of the incoming 
wave energy is dissipated to the south and at the “point”, while wave 
energy within the bay is reduced - resul�ng in a safe bathing area.

incoming
waves

point

crenulate or
 “half heart” bay

waves 
breaking in 

shallow water

¯0 0,1 0,20,05
Kilometres

2.1  Waves

Wave breaking across a reef off Ballito

Photo: Simon Bundy
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breaker, while a more inclined seabed may give rise to a plunging 
breaker. Where deep water suddenly meets a steep incline or 
structure, a surging breaker may be encountered. O�en surging 
breakers give rise to reflec�ve waves, which send energy back out to 
sea.

Coastal engineers designing structures that may be affected by 
breaking waves, such as groynes, piers or breakwaters use marine 
data such as wave direc�on, wave height and period. This data 
allows for a structural design that can resist the most prevalent 
storm condi�ons. Many coastal structures are designed according 
to levels of uncertainty, with the use of return periods for extreme 
events, as well as the level of risk to the structure or the features 
that the structure is intended to defend. However, proponents of 
developments and sea defence structures o�en restrict 
expenditure and are willing to accept failures under some events. 
Structures along the coast are therefore not unfailing and while 
they may accept certain levels of wave and storm surge, there is 
always a likelihood of failure. Such failure is exacerbated by lack of 
maintenance, as well as factors associated with climate change, 
including rising sea levels and increasingly severe storm events.

When planning a development near the shore, it is important to 
consider the nature of the waves that are reaching the shoreline. 
Ignorance of the prevailing wave condi�ons may result in damage 
to or loss of infrastructure and could lead to the need to defend the 
affected por�on of coastline. This in turn may affect the nature of 
the waves breaking at the shore.  

All of the above factors should be taken into considera�on when 
planning structures close to the shore that may be affected by 
waves, or where necessary, defending the shoreline. It follows that 
such structures should be based on the best available wave and 
marine data, as well as an understanding of the wave regimen. 

steep beach & 
inshore shelf

flat beach & 
inshore shelf

very steep beach or inshore shelf

PLUNGING BREAKER

SPILLING BREAKER

SURGING BREAKER

reflec�ve wave

Figure 9. The three most dominant breaking wave types.
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Tidal extent and its influence can easily be iden�fied along the coast 
by changes in the shape of sandy shores and the extent to which 
wave inunda�on and water levels change along the shoreline. A 
high-water mark is normally evident along a sandy beach where, 
together with marine debris, the extent of the last high �de can be 
determined. Some�mes a scarp may be evident on sandy shores 
following a �de, as a single high �de can be responsible for the 
movement of huge volumes of sand both on and off a beach.  

Because of the changes in the orienta�on of the earth and its 
alignment with the sun and the moon at certain �mes of the month, 
the gravita�onal forces exerted by the sun and moon changes, giving 
rise to periods of higher �dal exchange - known as spring �des, and 
periods of lesser �dal exchange - known as neap �des (Figure 10).  
The spring and neap �des also vary over the course of a year on 
account of cycles that are associated with the moon and its 
proximity to the earth. When there is alignment between the sun, 
moon and earth, extreme �des are experienced, which are also 
known as king �des, and these can give rise to marine inunda�on 
into areas not normally affected by average spring �de events.

Astronomical �des are predictable and can be calculated according 
to phases of the moon and earth and vary in extent from place to 
place around the globe. Tides influence the very nature of the 
coastline and are important from a biological perspec�ve. They are 
important factors in the behaviour and lifecycles of inter�dal 
organisms and in the forma�on and func�oning of coastal habitats 
that lie beyond the inter�dal zone. Thus, inshore reefs and rock 
promontories, dunes and estuaries, as well as rocky cliff coastlines 
are all influenced by �des and �dal exchange.

 

spring high �de level

neap high �de level

mean sea level

neap low �de level

spring low �de level

Figure 10. The  various �dal states that may be experienced. 

2.2 Tides 

Photo: Simon Bundy

Beach scarp indicating extent of last high tide and the large volumes of 
sand moved from the beach

Low tide at Clarke Bay, Ballito (a) and 6 hours later, high tide (b)

(a)

(b)

Photos: Simon Bundy
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Frequency of �des
KZN is a semi-diurnal coastline meaning (like most of Africa), it  
experiences two high and two low �des in a 24 hour period. Some 
places in the world experience only one high and low �de - these 
being termed diurnal �des - while others, like the east coast of 
Madagascar, experience a “mixed” �dal type, where differing �des 
are experienced each day.

Tidal range
The measure between mean high water and mean low water is used 
to define the �dal range. While �dal range is not extensive during 
neap �de periods, the range during spring �des is an important 
factor to consider when evalua�ng developments along the 
coastline ( 10). While some places in the world experience no Figure 
�dal varia�on at all (amphidromic points), other places experience 
small �dal exchanges and varia�ons in �dal levels. These are termed 
micro�dal points. On the other extreme, some places experience 
�des with ranges up to 16 m from low water to high water 
(macro�dal points). In KZN the coastline is meso�dal, where �dal 
exchange is considered moderate, fluctua�ng from spring high 
water to spring low water by approximately 2 m.

Even where development is planned along elevated cliffed 
coastlines, understanding �des at these points is an important 
factor to consider. This is because the point of erosion arising from 
breaking waves is elevated under a high �de situa�on and if 
accompanied by a number of other factors such as extreme 
weather events, the erosive point of the incoming waves is moved 
way above the sea level achieved under a normal �dal event.  
Under changing sea levels, such factors will become more evident. 
Those undertaking developments affected by �des would do best 
to place structures well beyond the most extreme an�cipated high 
�de mark.

When planning a development near the shore, it would be 
important to note the extent of the highest spring �de in 
comparison to that of the mean or average neap high and low 
water marks. Points of regular �dal inunda�on (every spring or 
neap high �de, for example) experience con�nued or regular 
erosion. However, under extreme �des and depending upon the lay 
of the land, inunda�on may take place into areas that are not 
normally affected by most �des.  
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Dune systems, beaches and the inshore sediment reservoirs are all 
part of the sand sharing system. In other words, sand is shared or 
moves between these features depending upon various physical 
factors including wave and �dal ac�on. 

If winds and waves are the drivers of the coast, sand is the common 
currency - this being true for most of the tropical and sub-tropical 
coasts of the world, including KZN. Conspicuous features of the KZN 
coastline are the significant and expansive dunes that stretch along 
the coast. Most of the coastal dunes in KZN arose during the early 
Holocene period, when sea levels were lower and there were 
significant volumes of sediment being delivered to the coast. The 
deposi�on of these sands arose in combina�on with specific 
meteorological condi�ons that prevailed at that �me and has led to 
the morphology inherent within KZN's dune cordon. Some of the 
highest coastal dunes in the world are present along the provincial 
coastline. These condi�ons have however changed, with rising sea 
levels and differing weather regimes affec�ng dune forma�on, and 
because of reasons not en�rely understood, a dwindling sand 
supply. The problem of a declining inshore sediment supply is a 
worldwide phenomenon that is having major ecological and 
economic consequences for numerous countries. Sand along 
coastlines is thus at a premium and is to be conserved, as are the 
systems that transport such sediments. 

The sand sharing system

Dunes act as the terrestrial reservoir of sand that augments the 
adjoining beach during �mes of sediment deple�on or beach 
defla�on. In turn, sediment is also transported from the beach to 
the inshore, inter�dal and marine environments, crea�ng sand bars 
which are sculpted by the waves. Under certain wind and wave 
condi�ons sand moves onshore, while under other condi�ons it is 
moved offshore. Add to this the li�oral current (an inshore current 
that moves the sand along the coast) and a complex transport model 
arises. The various components of this transport system alter over 
varying temporal scales and can further change as a consequence of 
small changes in the drivers (winds and waves), or changes to the 
various sediment reservoirs (dunes, beaches and sand bars). Figure 
11 provides a rendi�on of the nature of the sand sharing system.

Evidently such a complex but fickle system proves not only difficult to 
interpret, but is almost impossible to model or forecast with a high 
degree of accuracy. Interrup�on of the sand sharing system can have 
profound implica�ons for the coast. Changes brought about by such 
disrup�on are not always immediately obvious. Time is the great 
arbitrator along the coast and the mari�me and meteorological 
condi�ons present in any given year will change from season to 
season or over longer cycles, exposing weaknesses brought about 
by changes in the sand sharing system. Therefore, preserva�on of 
the system is the only safe way to remain sure that coastal processes 
are maintained along the KZN coastline.

2.3 Sediment, the sand sharing system and littoral transport

When planning any development ac�vity 
along the coast, the delinea�on of the sand 
sharing system is the first ac�vity that should be 
considered. An understanding of how sediment 
is distributed will inform how a change to the 
system may manifest itself along the coast. The 
inappropriate placement of structures will 
affect the mechanisms driving the distribu�on 
of sands within this system, with ramifica�ons 
that go well beyond the boundaries of such 
structures. Such delinea�on should incorporate 
an interpreta�on of the historical background 
to the site, the origin of the habitat or 
ecomorphology of the site, a determina�on of 
the influence of winds and waves on the site and 
allow for a broader forecas�ng of some of the 
impacts that may arise from interven�ons at 
the iden�fied por�on of coast.Figure 11. The sand sharing system.
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2.4  Coastal/littoral cells

Figure 12. A depic�on of coastal cells and their boundaries.

shoreline
erosion

decant from
downdri� cell

river discharge

li�oral dri�

dunes

decant to
updri� cell

SOURCE

TRANSPORT

SINK

dune field

offshore
removal of sand

onshore
deposi�on

sediment
transport 

 Modern coastal planning in the United States, United Kingdom and a 
number of other regions around the world makes use of the concept 
of coastal or li�oral cells. While sand is shared along the coast 
between the terrestrial and marine environments, this movement 
also takes place cross-shore in various compartments or “cells” 
within the marine environment. Coastal cells are defined primarily 
through sediment transport within the nearshore and supra�dal 
zone, showing a sediment source, a zone of transport and a sink. The 
movement of sediment within the inshore coastal environment is 
notoriously difficult to evaluate at both a qualita�ve and 
quan�ta�ve level of inves�ga�on. However, recent data garnered 
from the north coast of KZN suggests that there are a number of 
coastal cells posi�oned along the coastline and that these may in 
turn be part of a more significant circulatory system that is part of 
the Natal Bight.

Coastal cells have important ramifica�ons for coastal management 
as they would imply that sediment transport is even more complex 
than the onshore-offshore and south to north movement of 
sediment. These cells would also be influenced by other factors 
including a circulatory component that is constrained by physical 
barriers such as promontories, rivers and upwellings. The impact of 
developments in and around sediment source and deposi�on 
points, as well as transport zones must be given considera�on, 
par�cularly in respect of large coastal developments such as 
harbours. Where development ac�vi�es disrupt a source, sediment 
provision is likely to be curtailed, affec�ng large swathes of the 
coastline while in areas where sediment “sinks” are affected, 
structures may find themselves engulfed by sand. Figure 12 presents  
the basic concept of a coastal cell and its various components.
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On open coasts, habitat diversity and the form and structure of 
the coast determine the ability of a dune and the back beach to 
recover from an erosion event. Where indigenous vegeta�on is 
present, the recovery and re-establishment of dunes affected by 
erosion is facilitated by the presence of this vegeta�on, as it assists 
in the capture and stabilisa�on of incoming sediments. Where 
habitat structure is compromised, such recovery is also 
compromised. It follows that the prevailing vegeta�on cover and 
ecology of a dune system influences its morphology and any 
change in either of these factors will result in a corresponding 
change in the other.  

While the bio�c components of dunes, beaches and the inter�dal 
zone can be significantly impaired by developments, some 
impacts are subtle and latent. Not all vegeta�on on dune systems 
are natural and some vegeta�on can have serious repercussions 
for coastal processes. The plan�ng of exo�c trees, in par�cular 
Casuarina equise�folia or “beefwood” has been u�lised in the past 
as a means of stabilising mobile dunes. Such stabilisa�on o�en 
results in the loss of the elas�city and resilience that allows a sandy 
coastline to absorb and recover from erosion events. The same loss 
of elas�city and impairment of the sand sharing system can also 
arise through the plan�ng of indigenous species along coastlines, 
o�en done under the guise of “dune rehabilita�on”. 

The biological components of a sandy coastline are o�en ignored. 
While sandy shores and dune systems o�en look devoid of life, the 
dunes and beaches contain a myriad of communi�es from microbial 
colonies to larger habitats that play a role in the stability of dunes. 
They include molluscs that surf ashore to feed on detritus washed 
up by �des, skinks and lizards that feed on inter�dal algal beds and 
carnivorous mammals such as mongoose that forage amongst the 
rocks or on carrion washed ashore. 

Other key habitats that are defini�ve drivers of the coastal 
ecomorphology of KZN include offshore coral reefs in the north of 
KZN and mangrove communi�es along the north and central coast, 
which play an important role in tempering the impact of storms and 
wave ac�on. Estuaries are another important habitat that amongst 
other goods and services offered, act as a nursery for juvenile 
marine fauna. 

Plant communi�es are also specific to certain coastal environments, 
having evolved to withstand the harsh environment that is 
intermediate between the sea and the land. These act to stabilise 
mobile dunes, altering the transport and distribu�on of sediments 
and contribute to the func�oning of the sand sharing system. In 
addi�on, vegetated dunes act to establish refugia for wildlife and 
provide niche habitats for certain species, such as the dune tortoise 
beetle. 

2.5  The biotic factors on coasts

Photo: Simon Bundy

Ghost crabs (             spp.) are scavengers that occur between the low tide and dune environment along the KZN coast
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Although estuaries are dis�nct habitats with an individual ecology, 
they form part of a transi�on gradient where freshwater from rivers 
meets saltwater from the sea (Figure 13). In the broadest sense, this 
is the longest standing and generic global defini�on of an estuary. 

In general, estuaries are a�rac�ve for residen�al developments and 
as this demand escalates, exis�ng development nodes are under 
pressure to cope. One of the main threats to estuarine morphology 
and ecological func�oning, especially in small intermi�ently 
open/closed estuaries, is the presence of infrastructure associated 
with human ac�vi�es. Roads and bridges can destabilise estuary 
banks and alter water flow so that channels and sandbanks change; 
weirs and impoundments reduce river flow; and bank stabilisa�on 
destroys riparian habitats which are also encroached upon by the 
building of je�es and slipways. Furthermore, very few se�lements 
located alongside estuaries are linked to municipal wastewater 
treatment facili�es and rely on sep�c tanks linked to French drains. 
Overflows may seep into estuaries over �me or be washed directly 
into the system as run-off. Apart from the impact that poor water 
quality has on the resident fauna and flora, it poses a health risk for 
human users who come into contact with it.

Estuaries include a wide variety of systems from small to large, and 
those that are either periodically or permanently open depending 
on factors such as the estuarine type, shape and func�on. KZN has a 
fairly small share of South Africa's 3 200 km coastline, but its 580 km 
coast supports 76 of the 300 estuaries in the country. 

Being among the most produc�ve ecosystems on Earth, healthy 
estuaries provide more abundant and diverse resources (and to a 
wider range of user groups) than degraded estuaries. Safeguarding 
estuary health through planning, conserva�on and enforcement is 
therefore cri�cal to the protec�on of biodiversity and the provision 
of ecosystem goods and services into the future.

Figure 13. Estuarine func�onal zone (Fiona MacKay).

2.6  Estuaries 
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Ÿ Will the development/ac�vity destroy or modify any part of the 
estuarine environment?

Ÿ Will it affect the posi�on of natural breaches in any sandbar at the 
mouth?

Ÿ In the case of an open and therefore �dal system, will it affect �dal 
exchange?

Key ques�ons (What do I need to know or consider?)

Ÿ Will it modify natural pa�erns of mouth opening/closure?

Ÿ Will it result in any change in natural water levels?

Ÿ Will it make sensi�ve areas, e.g. mangroves or salt marshes, more 
accessible and therefore vulnerable to disturbance by people or 
domes�c animals?

Ÿ Will it be aesthe�cally acceptable? Will it maintain scenic vistas, 
“sense of place” and privacy?

Ÿ Will it result in the introduc�on of alien species of plants or animals?

Ÿ Is the proposed development within or below a known flood-level?

Ÿ Is it compa�ble with other ac�vi�es or structures, whether pre-
exis�ng or planned?

Ÿ Will the development/ac�vity influence the input of freshwater into 
the estuary? Will there be a net reduc�on? Will there be a change in 
seasonal flow pa�erns? Will the abstrac�on/impoundment 
permanently damp any flood peaks?

Ÿ Will it act as a source of li�er or pollu�on, e.g. boat fuel at a je�y, 
wastewater, fer�liser or seepage from sep�c tanks associated with 
housing developments or camping/caravan parks?

Ÿ Will it modify pa�erns of sedimenta�on and erosion and therefore 
change the posi�on of channels?

Ÿ Is the proposed development confined to a cadastral land unit or does 
it also extend beyond the property boundary? In the case of the la�er, 
has the wri�en consent of the landowner been obtained?

Ÿ Will it “priva�se” public property so that access to the estuary and 
passage along its shore is restricted?

Ÿ Does the locality of the development/ac�vity assume and depend on 
natural stability (e.g. of a bank or sandbar), which is actually dynamic?

Ÿ Is the proposed development compa�ble with the objec�ves of any 
estuary management plan and achievement of the recommended 
ecological category outlined in the latest Na�onal Biodiversity 
Assessment (NBA)?

Ÿ Will it result in increased human ac�vity in areas sensi�ve to 
disturbance, e.g. bird feeding or roos�ng sites?

Ÿ Are there any ac�vi�es beyond the actual bounds of the estuary, and 
par�cularly in the catchment, which could ul�mately impinge on the 
development? How does the coastal management line (CML) and 
applicable development controls affect the site? Will a buffer strip be 
incorporated to protect the development?

Ÿ Will it result in mobilisa�on and re-distribu�on of sediments and 
effects such as increased turbidity?
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iSandlu estuary - backflooding impacts to property can arise under 
closed mouth conditions 

Photo: Marilyn Bodasing

A suitably qualified estuarine specialist, using a systems-based 
approach, is required to prove that the impact of the proposed 
development or ac�vity will have no or li�le nega�ve impact on the 
estuary (i.e. a low significance). 

When planning a development it is important to iden�fy linkages 
between the estuary and the subject site (e.g. sediment transport, 
bio�c linkages, breaching events and backflooding of the system). 
Legisla�on gives considera�on to the estuarine func�onal zone  
where ac�vi�es in and around an estuary are limited according to a 
determined eleva�on or contour. While this affords a level of 
protec�on to the estuary, the func�onal linkages go well beyond 
these limits.



The effects of urbanisa�on and anthropogenic modifica�ons of the 
coast, as well as other terrestrial and sub�dal interven�ons may 
have profound effects upon coastal landscapes. Influences on the 
coast can be direct, such as the levelling of dune systems for 
development, or the removal of sands from the beach. Other 
influences are indirect, including the establishment of dams which 
prevent the transfer of sediment into the sea and thereby from 
entering the sand sharing system of the coast.  

In KZN, despite the beauty of the coastline, li�le of the coast remains 
untouched by human interven�ons. Even within the iSimangaliso 
Wetland Park, which has bestowed protec�on on nearly a third of 
KZN's coast, the effects of human ac�vi�es are s�ll evident. These 
problems are evidently to be overcome and addressed through 
improved planning and insight into coastal processes, which should 
be undertaken at both a coarse and fine scale of evalua�on, 
including recogni�on of the influence of global factors, in par�cular 
climate change.

Globally, many of the erosion problems and general changes along 
the coast can be a�ributed to anthropogenic factors. As much of the 
world's popula�on is resident around the coast and dependant on it 
for their livelihoods, these se�lements are bound to influence 
coastal processes. The origin of anthropogenic-driven changes is 
o�en varied. In many cases such changes are unintended and are a 
consequence of ac�ons such as the passage of people or livestock 
which result in the altera�on of dune systems. More severe changes 
include the establishment of harbours or breakwaters. Poor 
planning and imprudent construc�on of infrastructure, coupled 
with a limited understanding or acknowledgement of coastal 
processes, renders coastal areas vulnerable and results in 
degrada�on of these areas, par�cularly under large storm or �dal 
surge events. 

2.7  Anthropogenic influences
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Railway line in aManzimtoti (2012)

Photo: Omar Parak  

A breakwater can have profound impacts on the adjacent beach profile
and on amenities

Photo: Omar Parak  



Although there is no direct evidence of increasing storm frequency, 
the intensity of coastal storms has been predicted to increase due to 
a warming ocean. The IPCC has iden�fied that the Indian Ocean has 

0
warmed by 2 C since the 1970s, not only adding to sea-level rise, but 
driving greater magnitude storm events. Storm events lead to the 
erosion of the upper components of the sand sharing system and 
the movement of sediment into the marine environment.

The effect of climate change is felt at a mul�tude of levels.  However, 
its influence is manifest most starkly in the hydrological cycle, 
affec�ng the manner in which water is distributed around the world, 
including both the freshwater and marine environments. Globally, 
climate change is expected to affect coasts through increased sea 
levels and in some regions, increasing storm frequencies or 
intensity. In the Western Indian Ocean and along the southeast 
African coast in par�cular, sea-level rise is predicted to be somewhat 
lower than the global average of 4.0 mm/annum, and is presently 
considered to approximate between 1.24 mm and 2.7 mm per 
annum. 

Sediment supply
While the transport and distribu�on of sediment along the coast 
may be affected by changes in climate, the supply of sand to the 
coast is likely to change on account of shi�s in the clima�c regime. 
Sand supply from the terrestrial environments is a consequence of 
several factors, including the proximity of supply and the nature of 
sediment entering rivers and river discharge into the marine 
environment. Short to medium term climate change can alter such 
delivery (Figure 14). For instance, extended periods of drought may 
give rise to greater aridity and predispose parts of the catchment to 
increased erosion and run-off. When higher intensity storm events 

do break, such changes may give rise to increased sediment inputs, 
with greater vacilla�on in the sand sharing system. It follows that 
areas that were subject to erosion may now experience surplus 
sand, resul�ng in the engulfment of beaches and perhaps the 
altera�on of natural habitats. 

The impact of sea-level rise will likely affect exis�ng structures; thus 
for new coastal structures, sea-level rise should be considered in the 
planning stages to limit or mi�gate such impacts in future. Even 
though sea-level rise is normally thought of in terms of its influence 
on extreme �des and wave run-up, it is also important to consider its 
impact under the low �de state. Areas (such as mudflats or offshore 
bars) that may be exposed twice a day or perhaps only during the 
spring �de period may now be permanently inundated. This will not 
only affect the ecomorphology of such areas but also influence 
coastal facili�es including launch sites, stormwater ou�alls and sea 
water intake points for desalina�on plants.

While accommoda�ng future sea levels is an important factor in 
planning coastal developments, sea-level rise is but one of many 

 Factoring sea-level rise in development planning

 

2.8  Climate change 

These envisaged changes in sea level and coastal storms have 
serious ramifica�ons for exis�ng infrastructure which may 
necessitate the need for more extensive and improved sea 
defences or the removal of structures, which in turn causes further 
change in the dynamics of the coast. Storm surges are likely to 
affect the dune systems and result in a shi� in the equilibrium 
associated with the sand sharing system. Where infrastructure 
has been established too close to the shore, or on dune systems 
that are subject to marine inunda�on, erosion is likely to arise 
which may undermine these structures or compromise their 
integrity. Alterna�vely, structures such as exis�ng sea defences 
may prove inadequate, as the mean high-water mark creeps 
further up the beach.

If the supply of sediment to beaches and dune systems varies at 
both spa�al and temporal scales and there are regular and 
significant changes in supply, then the sand sharing system will 
shi� wildly in the wake of such varia�ons. Climate change will thus 
alter the supply of sediment to the beach and this has 
consequences for dune systems. Excess sediment may result in the 
engulfment of stabilising vegeta�on, while a reduc�on in sediment 
may result in erosion of the dune. Both ac�ons will give rise to an 
increasingly mobile dune cordon.  

erosion of dunes and slacks - 
undermining of infrastructure 

increased wave inunda�on

landward shi� in sand sharing 
system - “engulfment” 

stormwater infrastructure - inunda�on by
seawater and sand  

salt water intrusionpresent mean level

storm surge +0.3 m?
        +1 m

sea

loss of beach amenity

sewerage infrastructure -
regular inunda�on under high

�des  

Figure 14. Influence of sea-level rise on the KZN coastline. 
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factors that must be considered. It should be borne in mind that as 
seas rise, so too will beaches retreat, dunes will shi� and the en�re 
sand sharing system will change in an equilibrated response. Thus, in 
planning of future coastal developments, accommoda�on of all 
these features must be made. It is therefore appropriate to consider 
the posi�on of the sea as just one factor that must be applied to 
coastal developments and that a “margin of error” or “buffer” to the 
expected outcome of the ecomorphological evalua�on, as well as a 
projected sea-level rise component must be applied in any planning 
exercise. In this regard the CMLs generated by the EDTEA have 
incorporated methods of considering buffers along the coast.

 

 

 

Ÿ Saltwater inunda�on into dune systems may compromise 
water resources that are drawn from boreholes placed in the 
dune environments, such as in uMhlanga Rocks.

Ÿ Beachfront areas may become prone to erosion and beaches 
can be lost, leading to economic decline of urban areas 
dependent upon these resources for revenue.

Ÿ Increased sea levels mean a change in the mean erosion point 
along any given coastline. The response to such erosion is a 
shi� in equilibrium within the sand sharing system which may 
lead to erosion and the undermining of infrastructure.

Ÿ As beaches erode, stable dunes may become more 
transgressive and move landward, affec�ng important 
infrastructure such as roads and railways.

Ÿ Stormwater ou�alls and the associated network of 
stormwater pipes may be compromised by higher �des and 
the inunda�on of sands, which may lead to backflooding in 
urban centres during peak rainfall periods.
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Damage to a property in Ballito as a result of an unusual climatic event 

Photo: Simon Bundy  

Some sea-level rise impacts
Ÿ Saltwater intrusion affects services such as sewer lines that lie 

proximal to the coastline in urban environments. In order to 
accommodate beachfront residen�al structures and 
commercial facili�es, sewer lines and subsurface infrastructure 
have been established at depths of up to 3 m below ground 
level. As the sea level rises this infrastructure will be subject to 
inunda�on at high �de, o�en leading to the corrosion of pipes 
and pumps. 







Evalua�ng ac�vi�es in the 
coastal zone 

Development along one of KZN’s many estuaries 
Photo: Bronwyn Goble
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Evalua�ng ac�vi�es in the 
coastal zone 3

3.4  Specialist studies  

3.1 Three classes of development 

3.2  Principles of development planning

3.3 The entrenchment of structures and incremental creep  

There are a range of ac�vi�es that have a bearing on the KZN coast. This chapter outlines the overarching considera�ons when planning 
for development in the coastal zone. 
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Ÿ Why was this site selected? What strategic benefits accrue from 
this site being at the coast?

2. Repara�ve and/or remedial projects are projects that fall within 
the nearshore coastal zone and have been established historically, 
prior to the concept of coastal management. Such projects are 
usually residen�al or commercial facili�es, o�en with a touris�c 
purpose. They have generally been sited close to the shore to take 
advantage of the aesthe�c appeal of the coast or facilitate access to 
the coast. In some cases, they can be structures that were of 
strategic importance but have since been abandoned.

Ÿ What purpose does the structure serve?

Ÿ What impacts are likely to arise if remedial or repara�ve work is 
undertaken?

Ÿ What purpose does the development/structure(s) serve?

Ÿ Have any alterna�ve sites been considered and how do they 
compare to this site?

Ÿ What evidence is there of past impacts on coastal processes and 
habitats from similar development/structure(s)?

Some key ques�ons to consider regarding these projects are:

Ÿ Is there any opportunity to remove the structure, either par�ally 
or in its en�rety?

Developments along the coast can usually be divided into three main 
classes.

Ÿ Under what circumstances did the damage or perceived 
loss/damage arise?

 
1. Strategic projects can be defined as projects that relate to the 
long-term objec�ves and interests of the country and are part of the 
means of achieving these objec�ves. Along the coast, this may 
include economic, military or other developments such as harbours, 
fuel supplies, cable landings and defence structures. Strategic 
projects benefit the public and are largely carried out by 
Government. 

Some key ques�ons to consider regarding these projects are:

Ÿ What impacts are likely to arise if remedial or repara�ve work is 
undertaken on the site?

Ÿ Who is liable for the impacts arising from the reinstatement of 
structures or repara�ve works?

Ÿ What evidence is there of past impacts on coastal processes and 
habitats?

Ÿ Is the structure of historical interest?

Some key ques�ons to consider regarding these projects are:

Ÿ What alterna�ve sites or design op�ons can be u�lised?
Ÿ What probability or likelihood is there that the development will 

not cause undue disturbance or change to coastal processes?
Ÿ How can any impacts that may arise be remediated?
Ÿ Who is responsible for the remedia�on of impacts?

Ÿ How does the public at large benefit from this project?

3. Private projects are coastal projects that do not fit into either of 
the above project categories but lie proximal to or within the sand 
sharing system, splash zone or serve to poten�ally alter coastal 
processes or habitats. These projects are o�en related to the 
perceived rights of land ownership bestowed by historical surveys 
and other land legal mechanisms, and include resorts and residen�al 
developments. 

Ÿ What is the inten�on of the project?

Ÿ Who is liable for the impacts arising from the reinstatement of 

structures or repara�ve works?

3.1 Three classes of development

The strategic Port of Richards Bay

Photo: Bronwyn Goble 
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1. Protect sensi�ve areas

2. Discourage ribbon development 

Ÿ con�nuous urban sprawl; and 

Ribbon development (Figure 15) refers to linear development 
parallel to the coastline with one of more of the following 
characteris�cs:

Where development adjacent to, or within conserva�on priority 
areas is unavoidable, special a�en�on should be given to the 
proposed uses and/or access to these areas. Restric�ons on the type 
of ac�vi�es permissible should be carefully formulated. Ac�vi�es 
along the coastline should be subject to thorough scru�ny, and a key 
ques�on that should be addressed by planners is “what ac�vi�es 
require access to the seashore and which do not?” 

Dune vegeta�on should not be removed or damaged, and dunes 
should not be fla�ened, excavated or otherwise reshaped as these 
serve as natural sea defences. 

Ÿ beachfront plots aligned in a con�nuous row (to provide each 
plot with a sea view);

Ÿ an absence of compact, high density forms of development.

Ribbon development is o�en premature, uneconomic or ineffec�ve 
as far as the provision of services is concerned and can quickly 
degrade the landscape, i.e. the features that a�racted people in the 
first place. Such development is o�en based on the mo�ves of 
specula�ve profit and not on need.

Development criteria should be established to discourage 
subdivisions mo�vated by specula�ve buying rather than demand. 
For example, township extensions and subdivisions should only be 
considered when approximately 80% of the plots or sites in the 
adjacent or nearby proclaimed development areas have been 
constructed.

3. Concentrate development in nodes
Coastal planning should place emphasis on the need for compact, 
high density development with short lateral connec�ons from the 
commercial, industrial and urban zones to the surrounding areas 
and recrea�onal ameni�es.

4. Locate development inland where possible
Demands for use of the coastline are numerous and varied, and 
frequently of a conflic�ng nature. Planning authori�es should give 
priority to uses that are dependent on a coastal loca�on. Land uses 
that do not require a coastal loca�on should be situated further 
inland. Roads and railways do not require a coastal loca�on, and 
coastal land should be ideally reserved for water sports, boa�ng 
ac�vi�es, public open space and dwellings (Figure 16).

The high-water mark defines the seaward boundary of some coastal 
proper�es, the edge of many estuaries and the boundary of 
proper�es abu�ng �dal rivers. It is by defini�on an ambulatory line 
which means that it moves as a result of wave ac�on (run-up and 
swash), �des, sea swells, storms, wind, erosion, accre�on, currents, 
tectonic movements and changes in vegeta�on cover. 

For each coastal node, planners should clearly define the capacity to 
accommodate development expansion and the carrying capacity for 
associated recrea�onal ac�vi�es. This is par�cularly important in 
view of the tendency of adjacent, rapidly expanding development 
nodes to become ribbon development (Figure 15). 

Any organ of state required to give planning approval based on a 
development applica�on or environmental impact assessment, and 
the property in ques�on is bounded by the HWM [and has a material 

5. Confirm the posi�on of the high-water mark (HWM)

3.2 Principles of development planning

Figure 15: Coastal development should be limited to nodes and avoid 
ribbon development.

Node Node

ribbon development
Figure 16. Roads providing access to beach areas should be located 
tangen�ally to the coastline at strategic points (from main coastal routes 
situated further inland). 
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6. Consider the posi�on of the CMLs
Coastal managers are now employing tools that consider the zoning 
of ac�vi�es in order to restrict or appropriately align development 
ac�vi�es along the coast.

impact on the proposed development], that organ of state should 
not consider the development applica�on un�l the posi�on of the 
HWM has been redetermined. At the cost of the applicant, the 
resurvey of the HWM would be undertaken by a Professional Land 
Surveyor for approval by the Surveyor-General.

A coastal management line aims to prohibit or restrict the building, 
erec�on, altera�on or extension of structures in order to preserve 
the environmental value of the coast and reduce/buffer the risks 
associated with coastal hazards, while ensuring the produc�ve 
capacity of the coast is maintained. Any development or ac�vity 
within the KZN coastal environment must consider the loca�on of 
CMLs and the development controls applicable.

Natural buffer - an intact cordon in the aftermath of the March 2007
storm event

Photo: Omar Parak   

Ribbon-like development leads to a loss of natural coastal biodiversity

Photo: Bronwyn Goble 
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As urban centres along the coast expand, the value of land 
posi�oned close to the shore increases, and inevitably becomes the 
most important and valuable land within any given municipal area - 
being sought for both commercial and residen�al purposes. Local 
authori�es benefit from such development as the rates base of the 
municipality increases. These interac�ng factors o�en result in a 
drive for coastal development and if unchecked will result in “ribbon 
development”, where se�lement is situated immediately along the 
coastline, for a number of kilometres, with land to the lee remaining 
undeveloped. Such situa�ons prove difficult to manage and can be 
costly in the provision and maintenance of services. Medium to long 
term planning at a regional scale within local municipali�es is 
therefore a vital component of sound coastal management 
prac�ces.

A key issue for all coastal managers is the avoidance of incremental 
creep. In other words, as developments unfold along the coastline 
there is a general tendency for structures and human ac�vities to 
move towards the shore, whether this be through the clearance of 
vegeta�on or the organic expansion of features such as walkways, 
access paths and small ameni�es. Once established, structures tend 
to become accepted and further development in and around them 
tends to sprout, while the original structure becomes an 
entrenched, permanent feature.

3.3 The entrenchment of structures and incremental creep

George Hule� Place is a typical example of the organic growth and 
entrenchment of a structure into the coastal landscape that 
eventually manifests itself as a problem. In short, the structure 
pictured above was formerly part of a launch site and an old 
building that formed part of the launch site facili�es constructed 
in the 1930s. With the subsequent sale of the property, further 
expansion and upgrades to the site and building were undertaken 
in the 1990s. A major storm in 2007 saw significant marine 
inunda�on and erosion around the structure that required 
remedial measures and the installa�on of a sea defence. The sea 
defence, while preven�ng inunda�on and undermining of the 
structure by waves, has further altered the nature of the sand 
sharing system.

An example of a structure becoming entrenched 

Photo: Simon Bundy 
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Sound environmental management and town planning dictates that 
environmental authorisa�ons, permits, leases, plans and other 
controls must be obtained and adhered to before buildings (or 
infrastructure) can proceed along the coastline. Such structures may 
have significant and untoward impacts on the coastal environment - 
a public asset with significant social, economic and environmental 
services. To avoid or mi�gate these impacts, the evalua�on of a 
coastal development o�en requires specialist informa�on, namely: 
Ÿ the sand sharing system;
Ÿ wave run-up; 

Wave run-up
Wave run-up is a measure of the point reached by waves under 
extreme storm condi�ons, normally determined as the average of 
the top 1/3�� of waves or the wave inunda�on that is associated with 
a storm that arises every 10 years.  

It is best to consider more than one of the above methods of 
measurement to ensure that several factors are taken into 
considera�on. Remember, the seashore is a complex system and a 
major event affec�ng a por�on of coastline under one set of 

condi�ons may not necessarily affect the same coastline under 
another set of condi�ons.

The sand sharing system

Ÿ the ecomorphology or natural habitat and its rela�onship with 
the physical state of the beach and dune environments; and 

Approaches and key ques�ons in evalua�ng these specialist 
components for a coastal development applica�on are presented 
below.

Ÿ the subsurface hydrology of the dune and beach environments 
(and some�mes leeward of these areas); 

Any evalua�on of the coastline should commence with a 
determina�on or delinea�on of the sand sharing system, which is a 
measure of the dynamism of the coastline. A spa�al plan that 
indicates the subject site and the landward extent of the sand 
sharing system should be produced.  

Ÿ estuarine processes. 

Subsurface hydrology
This informa�on is important as the freshwater, subterranean lens 
approaches the surface close to the beach-dune interface and 
altering this rela�onship can lead to the degrada�on of vegeta�on, 
dune mobilisa�on and perhaps saltwater inunda�on. 

The sand sharing system should be determined by, inter alia:

Ÿ Historical imagery;
Ÿ Vegeta�on type;

Ÿ On-site evalua�on of the broader topography and morphology 
of the coastal area under considera�on; and

Ÿ Specific evidence associated with, or unique to the site.

Ÿ Anecdotal informa�on;

Ÿ Sediment or sand grain analysis;

3.4  Specialist studies

Ÿ The KZN Coastal Vulnerability Index (CVI); 
Ÿ Coastal management lines;

Wave inunda�on and run-up can be determined or es�mated 
using:

Ÿ Historical aerial imagery;

Ÿ Run-up calcula�ons based on reliable data; and
Ÿ Archives and anecdotal informa�on.

Ÿ Deposi�on plumes, erosion points and similar features 
iden�fied on-site;
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Wave inundation and run-up is an important consideration in the design 
of coastal infrastructure

Photo: EDTEA

Some indicators to be considered in determining the nature and 
form of subsurface hydrology include:

Ÿ Vegeta�on and habitat form - verdant vegeta�on and differing 
species composi�on can be an indicator of near-surface 
freshwater;

Ÿ Beach and dune morphology - iden�fying the dune slack and its 
nature (wet or dry);

Ÿ Historical and contemporary aerial and ground images.

Ÿ Coring and inspec�on pits - iden�fying where and at what 
depth freshwater is encountered;

Ÿ Borehole data - boreholes in the region are good indicators of 
the prevailing depth or level of freshwater; and



Ÿ Vegeta�on analysis - What is the form and nature of the 
vegeta�on within the subject site? Dune forest, scrub or 
perhaps grassland? What indica�ve species prevail within 
these areas?

Ÿ Historical imagery - What habitat has prevailed in this area in 
the past?

Ÿ Beach and dune morphology - How do the morphology of the 
beach and dune influence the vegeta�on that is apparent on-
site? How does the vegeta�on influence dune morphology and 
topography? How will these factors change if development is 
undertaken and the ecomorphology of the site is disturbed?

Some important sources of informa�on to be used in the 
ecomorphological delinea�on of the system are:

Some key ques�ons to be considered in a specialist estuarine 
assessment are outlined in Sec�on 2.6.

Not only are some dune habitats of conserva�on value and 
significance, but dune habitat tells you a lot about the 
ecomorphological history of the site and where development should 
and should not take place. Some terrestrial habitats are also reliant 
on mineralogical and organic inputs from the sand sharing system 
and are therefore intrinsically linked to the beach and dune 
environments. 

Ecomorphology

 

 

When planning a development it is important to iden�fy linkages 
between the estuary and the subject site (e.g. sediment transport, 
bio�c linkages, breaching events and backflooding of the system).

Estuarine processes 

36

On the brink - coastal erosion and an improved understanding of the sand sharing system triggered the relocation of 
Richards Bay's lighthouse

Photo: ORI







 

 

 

Coastal developments and 
ac�vi�es  

Stormwater ou�all in the inter�dal zone   
Photo: Kierran Allen
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Coastal developments and 
ac�vi�es  4

There are a range of ac�vi�es and development types that take place in the coastal zone. This chapter outlines those that 
commonly occur in KZN and provides the corresponding guidance on best prac�ces.

4.3  Pipelines, marine ou�alls and single point moorings

4.2 Sea defence structures

4.1 Stormwater infrastructure 

4.6         Fencing and security 

4.7         Tidal pools

4.4         Coastal access, promenades and boardwalks

4.5         Resorts and residen�al developments

4.9         Piers, je�es and breakwaters

4.10       Harbours and marinas

4.8         Sewerage infrastructure and pumpsta�ons

4.17  Aquaculture

4.12       Renewable energy

4.14  Water abstrac�on 

4.11       Slipways and launch site infrastructure

4.16  Seabed mining

4.15  Desalina�on

4.13  Telecommunica�on and submarine power cables

 

4.18  Lifesaving and beach safety

4.19  Dune rehabilita�on and management
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Table 1. Summary of development ac�vi�es associated with the KZN coast

*Zones = where most impacts of the ac�vity will be manifest  
#Coastal processes = drivers to be considered in a development applica�on (minimum considera�ons) 
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Development ac�vity Zones# Coastal processes* 

 

4.1 Stormwater infrastructure  

4.2 Sea defence structures

4.3 Pipelines, marine ou�alls and single point 
moorings

4.4 Coastal access, promenades and boardwalks

4.5 Resorts and residen�al developments

4.6 Fencing and security

4.7 Tidal pools

4.8 Sewerage infrastructure and pumpsta�ons

4.9 Piers, je�es and breakwaters 

4.10 Harbours and marinas

4.11 Slipways and launch site infrastructure

4.12 Renewable energy

4.13 Telecommunica�on and submarine power 
cables

4.14 Water abstrac�on

4.15 Desalina�on

4.16 Seabed mining

4.17 Aquaculture

4.18 Lifesaving and beach safety

4.19 Dune rehabilita�on and management 

Sub�dal
zone

Inter�dal 
zone 

Supra�dal 
zone 

Estuarine 
zone  

Tides Sand 
Sharing surge 

Storm Waves Sea-level 
rise 

Bio�c



Figure 17. Some prominent land uses and inshore ac�vi�es along the KZN coast.
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Ÿ Stormwater ou�alls may change the nature of the prevailing 
habitat. Thus, for example, where a sandy substrate is present, a 
new ou�all with concrete plinths and pipes changes the 
substrate within this area, allowing for species previously 
precluded from that area to establish. The ramifica�ons of such 
changes may be significant, par�cularly where this habitat 
favours alien invasive species.

Ÿ Stormwater infrastructure affects sand transport within the 
beach and dune environment. Where infrastructure penetrates 
through the dune, this requires excava�on of the dune and 
disrup�on of its subsurface structure and vegeta�on. O�en, 
despite rehabilita�on, dune systems remain more transgressive 
following disturbance. The point of discharge from a stormwater 
ou�all may be either on the back beach or at the low-water mark, 
depending upon factors which influence the design, such as the 
volume of disposed water or budget issues. Evidently, both 
points of discharge affect dune and beach processes.

Ÿ Ou�alls collect large amounts of solid waste from within urban 
environments and this is o�en directly discharged into the 
marine environment, where it finds its way onto beaches or is 
moved out to sea. These materials affect coastal environments in 
various ways, from changing the aesthe�c amenity of beaches 
and the coast, to forming chemical pollutants.

The implica�ons of stormwater discharge
Ÿ Stormwater discharge points effec�vely turn 

non-point source pollu�on into point source 
pollu�on. Thus, pollu�on that may be dispersed 
across a large area, at a moderate to low level of 
contamina�on is collated and transported to a 
point, in or proximal to the seashore. This 
situa�on bypasses the natural land-based 
processes that result in the breakdown of 
materials through chemical reac�ons or the 
ac�ons of microbes and ecological factors on 
these materials, or results in excessive inputs of 
materials into the coastal environment that are 
beyond the threshold of these ecosystems to 
assimilate. 

Ÿ Stormwater discharge into the sea can also greatly affect the 
availability of nutrients that are essen�al for the biota present in 
the inter�dal environments, or affect the availability of dissolved 
oxygen, thus altering the ecology of areas around ou�alls. The 
physical nature of waters around stormwater ou�alls also varies 
intermi�ently, which in turn leads to change in the localised 
ecology. The various chemicals entering the sea can be 
accumulated in many inshore filter feeders, such as mussels, 
leading to a concentra�on of chemicals that may be toxic.

Ÿ Stormwater ou�alls tend to concentrate freshwater disposal into 
select points within the inshore marine environment and 
therefore have the poten�al to alter inter�dal habitat around the 
point of discharge. 

Within formal urban environments, stormwater disposal must be 
established by necessity and o�en by decree. In these areas, surface 

water arising from rainfall is directed from hard-
panned environments along a network of open 
drains, pipes and chambers to a point of discharge - 
which is either into a drainage line (normally a river 
or stream), or directly to sea. Importantly, whatever 
route is taken, eventually all stormwater enters the 
sea, either directly or indirectly. In the case of direct 
stormwater discharge, the establishment of such 
infrastructure normally requires a transforma�on 
within the dune cordon, the beach environment and 
at the point of discharge. O�en small streams that 
emanate from and through the dunes are used as 
points of discharge, as these are topographically 
suitable for the establishment and alignment of 
stormwater infrastructure.

Ÿ Freshwater arriving in the inter�dal zone through 
stormwater ou�alls is physically and chemically 
very different from seawater. Such difference is 
not only in terms of the salinity of the water, but 
also other physical proper�es including pH, 

turbidity and the level of dissolved materials within the 
discharge. Under a natural drainage pa�ern, the physical 
parameters of freshwater gradually change as it approaches the 
sea (pH, for example, may decrease or turbidity may slowly be 
ameliorated as fines are captured in estuaries and at river 
mouths). However, within stormwater infrastructure, this 
gradual change does not occur and an abrupt change in water 
chemistry arises as water is discharged into the sea. 

Two forms of stormwater infrastructure are 
generally evident, large, prominent ou�alls that 
discharge onto the beach or beyond the high-water 
mark; and small piped ou�alls, where disposal arises 
directly onto a beach and in some cases a dune.

4.1  Stormwater infrastructure
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To promote percola�on, the use of sumps or percola�on chambers 
can be employed. Areas of roo�op, for example, can be calculated 
and a mean run-off volume calculated to determine the volume of 
the chamber required. Water from roo�ops can be channelled into a 
chamber, which slows down the velocity of the flow and retains the 
water. The nature of the soils on-site will be an important 
considera�on in the use of percola�on chambers. However, in many 
coastal environments, soils are porous and able to accommodate 
high levels of stormwater discharge. 

Ÿ Ou�all traps at select points within the exis�ng stormwater 
infrastructure should be established. These are effec�ve but 
require concerted and constant maintenance and management.

Ÿ Municipali�es should consider the imposi�on of regula�ons 
s�pula�ng the use of grated traps on all stormwater intake points 
when considering infrastructure associated with new (and 
exis�ng) commercial and industrial developments.

Stormwater emana�ng from urban environments carries dissolved 
as well as par�culate ma�er into the marine environment. O�en 
run-off from ci�es and towns carries materials in solu�on that are 
par�cularly noxious to marine life. Once such materials enter the 
stormwater system there is li�le that can be done to remediate the 
situa�on, so management at source is the best approach to 
improving stormwater management using SQID (Stormwater 
Quality Improvement Devices). 

Solid waste management
Solid waste and its impact on the marine environment have become 
a major global concern. The visual effect has definite impacts of a 
social nature on beaches and can result in the death of marine fauna 
that become trapped in fishing gear or die from the inges�on of 
waste. However, this waste has more latent and insidious 
consequences. As materials such as plas�cs breakdown in the 
environment, the end product of such deteriora�on are nanoplas�cs 
capable of crossing into the cellular �ssue of animals, thereby 
becoming embedded in food webs and the ecosystem.

Managing stormwater at source 

Where possible, stormwater discharge from surfaces should be 
undertaken as close to origin as possible. This means that areas 
should be set aside that are unimpeded by hardpan surfaces (i.e. 
roads, roo�ops) and allow for the evapora�on and percola�on of 
surface waters. Care should be taken to avoid unnecessary erosion 

or scour at these points and the use of suitable vegeta�ve cover can 
address these problems and promote redress of any dissolved 
pollutants. 

It therefore follows that exis�ng and proposed stormwater systems 
should incorporate the above aspects into both the planning and 
establishment of such structures. 

Ÿ Regional and town planning should consider the pathways of 
solid waste within catchments, iden�fying points of discharge of 
stormwater in both rivers and along the coast.

Stormwater systems are a conduit for plas�c and other pollutants. It 
therefore makes prac�cal sense to address solid waste pollu�on at 
its source. This can be done through the tried and tested educa�on 
method but in coastal management this can be best implemented 
through the following:

Solid waste trap at stormwater discharge point (Overberg, Western Cape) 

Photo: Simon Bundy

Photo: Simon Bundy

Small stormwater pipe at uMdloti Beach
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Figure 19. Principles of stormwater management that should be employed in and around the coastal zone. 

discharge into 
percola�on 

chamber 
and recharge of 

groundwater 

water harves�ng systems –
used in combina�on with 

other systems discharge into dune slack where
this feature is present and

volumes can be accommodated  

discharge onto back beach (toe of dune)  
causes beach erosion and undermines dune  

direct discharge into sea below
HWM/LWM (structure alters 

dynamics of the sand
sharing system at this point)    

pipe

aquifer

Figure 18. Aerial image showing the varia�on in stormwater channelling 
from a stormwater ou�all in Ballito.
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Ÿ Should the point of discharge be posi�oned at or below the 
HWM/LWM? How can this be avoided? What founding 
condi�ons are required if the pipe must be placed across the 
beach? Is the ou�all to be buried below the beach or is it to be 
placed on a pier?

Ÿ If disposal near the coast is required, can the point of discharge 
be placed in the dune slack or will it have to be posi�oned onto 
the back beach? What would the implica�ons of posi�oning 
the ou�all in a dune slack or inland from the HWM be?

Ÿ From where does the discharge originate and what is likely to 
be transported in the stormwater system (chemical and 
physical)?

Ÿ What volumes are to be generated at peak flows? Can disposal 
at site be implemented? Can other methods be employed to 
alleviate stormwater volumes and velocity, such as water 
harves�ng methods?

Ÿ How will the ou�all disrupt sediment transport above and 
below the high-water mark and in the beach and dune 
environments? 

Ÿ Will remedia�on of stormwater quality be required? What 
remedia�on methods can be employed and where can they be 
posi�oned?

When planning stormwater infrastructure that u�lises the coast 
as a point of discharge, some important issues should be 
considered: 
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The physical parameters of stormwater can be addressed prior to its 
disposal into the coastal environment. Methods to address this can 
be employed through changing the point of discharge or through 
employing measures that remediate or address the chemical state of 
stormwater within the disposal system. Such measures include: 

Ÿ Employing inert rock or materials such as limestone in 
stormwater conduit systems, in gabions, a�enua�on chambers 
and traps, which can raise the pH of the water, par�cularly where 
stormwater may stand for periods. 

In other instances, water can be harvested for use in some domes�c 
ac�vi�es, small scale farming and industry. Water harves�ng is in 
effect ensuring op�mal use of surface run-off and although it may 
divert water from the natural hydrological regime of a catchment, if 
used in irriga�on, serves to promote percola�on and recharge of 
groundwater.

Ar�ficial wetland environments, such as establishing phyto-
remedia�on ponds, allows for the discharge of surface waters into 
points where hygrophy�c organisms can address dissolved materials 
that would otherwise be disposed of directly into the coastal zone. 
Lined pond systems promote a more aqua�c environment and 
ecosystem, as opposed to unlined remedia�on ponds, which 
promote a percola�ve and seasonally variable ecosystem. Different 
habitats form in these differing environments. 

While many residen�al and commercial developments prefer to 
establish open water ponds and dams for aesthe�c purposes, it is 
always good prac�ce to mimic the prevailing natural environment 
when deciding on appropriate phytoremedia�on systems. Notably, 
the KZN coastline shows very li�le in the way of open aqua�c 
environments. As such, unlined ponds should be u�lised in 
preference to lined ponds, allowing for surface waters to percolate 
into the surrounding water table and remain within the localised 
hydrological regime. 

Ÿ Improving dissolved oxygen in stormwater flows by increasing 
the roughness of stormwater conduits, through the introduc�on 
of sluices, and abruptly changing levels to allow for “cascading” 
that affects the oxygena�on of waters. Increasing the level of 
dissolved oxygen in waters slightly raises the pH of the water. The 
pH of seawater is typically higher than freshwater (pH seawater = 
7.5-8.4; surface freshwater = 6.5-7.5), although this will vary 
according to other factors.

Coastal processes must be appreciated in the planning of 
stormwater discharge points where the inten�on is to place such 
discharge onto the beach. Factors affec�ng the posi�on of discharge 
are primarily seasonal and include seasonal beach rota�on, �dal 
influences as well as the underlying geology of the beach. Evidently, 
the determina�on of the extent and nature of the sand sharing 
system is a primary ac�on in stormwater management along the 
coast. It is important that all these factors are considered before 
deciding on a site for the establishment of points of discharge, as 
well as the design of these discharge points ( 8 and 19).Figures 1

Most of the stormwater discharges along the KZN coast are 
established at low points which were originally natural points of 
collec�on and discharge. These small “blind streams” (also known as 
hapuas) are generally closed ephemeral or some�mes perennial 
streams that are natural features linked hydrologically and 
ecomorphologically with the dune system and back beach. Under a 
natural ecomorphological state, these systems may have flowed 
freely or perhaps been engulfed regularly by marine inunda�on, 
giving rise to differing habitats and accommoda�ng changing coastal 
processes. 

Managing impacts on beaches and dunes 

However, in urban environments they have o�en become obscured 
by infilling and other forms of manipula�on in order to 
accommodate se�lements and infrastructure. As the objec�ve of 
most stormwater engineering is to discharge stormwater as quickly 
as possible and as far from site as possible, the dunes, back beach 
and shoreline can be significantly affected by their posi�oning, with 
both ecological and social impacts arising .

Concentration of stormwater discharge above the shoreline

 Photo: Simon Bundy
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Table 2. Design parameters and benefits of selec�ng specific points of discharge for stormwater 
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Design parameters Benefits Disadvantages

Ÿ An�cipated low volumes of discharge with 
suitable percola�on rates.

Ÿ Frontal dune is prominent and established.
Ÿ Highly vegetated dune.
Ÿ Limited infrastructure and no impediments to 

percola�on around point of discharge.

Ÿ Recharge of water table in and around primary 
and secondary dunes.

Ÿ Li�le or no likelihood of erosion from storm 
events or high �des.

Ÿ Discharge is not directly into marine environment 
and water percolates into the sea.

Ÿ Concentra�on of solid waste materials in dune 
slack, assis�ng with recovery and removal and 
thereby preven�on of dissemina�on to sea. 

Ÿ Suitable sands/soils promo�ng percola�on.
Ÿ Limita�on on volumes that can be accepted into 

open areas.
Ÿ May alter vegeta�on form and structure. 

Ÿ Rela�vely stable beach profile - beach not prone 
to fluctua�ng profile and scour.

Ÿ An�cipated low to moderate volumes of 
stormwater discharge to be disposed.

Ÿ Sandy coastline with wide back beach.

Ÿ Discharge is not directly into marine environment 
while discharged water percolates into the sea 
and is subject to physical and chemical 
ameliora�on through the dune and beach 
environments. 

Ÿ Reduced likelihood of erosion from storm events 
or high �des.

Ÿ Results in extensive and regular movement of 
sediments off beaches.

Ÿ Can change beach profile, par�cularly a�er storm 
events.

Ÿ An�cipated high volumes of water to be 
discharged.

Ÿ Suitable founding substrate required over beach 
and below HWM.

Ÿ Discharge is undertaken directly into the marine 
environment.

Ÿ Discharge is diluted and moved away from 
discharge point.

Ÿ Disrupts coastal processes and sand sharing 
system across much of the coastline.

Ÿ Removes recrea�onal and social space on beach.

Ÿ Storm forces can damage or destroy stormwater 
infrastructure.

Ÿ Can alter water chemistry and other factors 
associated with estuaries.

Ÿ Changes habitats across beach and marine 
environments.

Ÿ Generally to be avoided - however, low volumes 
can be accommodated following suitable 
ecological evalua�ons.

Ÿ Disposal to be undertaken proximal to the upper 
head of estuary.

Ÿ May augment freshwater provision. Ÿ Can alter water chemistry and other factors 
associated with estuaries.
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A common percep�on and reac�on to a coastal 
erosion event is normally one of concern and 
disbelief, and a need for reinstatement of the 
affected coast, as people are generally in favour of 
retaining the status quo. However, there is a 
general acknowledgement that one must “live with 
coastal erosion” - a mantra encapsulated in the ICM 
Act. The implementa�on of this principle is a 
challenge, with tradi�onal sea defences and the 
reclama�on of eroded por�ons of the coast s�ll 
occurring. 

Sea defence op�ons

It is important that defence of infrastructure be 
considered in light of the natural environment and 
t h e  l o n g - te r m  e ffe c t s  o n  t h e  re c e i v i n g 
environment. 

Defence of land and infrastructure from the sea has been an ongoing 
ba�le for coastal se�lements for millennia. In the case of coastal 
erosion, the best form of defence is retreat. The most basic tenet of 
sea defence is to place infrastructure way beyond the influence of 
both sea and sand, when found to be exposed to the influence of 
�des and waves. This forms a fundamental approach to establishing 
a defence against untoward coastal impacts and is perhaps the most 
sustainable form of defence, avoiding disrup�on of the shoreline 
processes and in most cases, cos�ng less than physical defence 
measures.

Other sea defence op�ons all entail a level of manipula�on of the 
landform and sub�dal environment, elici�ng a response within the 
sand sharing system. Defending and stabilising one por�on of the 
shoreline can lead to increased erosion at another loca�on, as the 

It is important to remember that erosion is a natural 
phenomenon and is part of the ecomorphological 
processes that take place along the coast. It is o�en 
on ly  when eros ion  threatens  important 
i n f ra st r u c t u re  t h at  a l a r m  i s  ra i s e d  a n d 
considera�on is given to sea defence systems. Sea 
defences should be the last resort and even then, 
only a�er in-depth considera�on and review of all 
available informa�on.

With rising sea levels and increased storminess, 
coastal erosion is on the increase across the globe. 
A study in 2019 suggested that between 1984 and 
2015, some 28,000 km² of terrestrial land was lost 
to erosion, which is twice the surface of land gained 
during that �me. KZN has not escaped the ravages 
of coastal erosion. It is es�mated that erosion 
events have cost the KZN economy over R6 billion in 
the last decade and this is set to increase with 
climate change and rising sea levels. 

Coastal erosion can be one of two forms:

Ÿ Is the problem likely to recur and if so, under what �meframes?

Ÿ What type of sea defence measures or structures are 
appropriate?

Ÿ Is infrastructure REALLY at risk? Are roads, buildings and other 
forms of infrastructure going to be affected by erosion?

While an EIA is mandatory in respect of any sea defence system, 
some key ques�ons to ask before commencing with the process 
include:

Ÿ What is the origin(s) of the erosion? Has a factor within the 
li�oral dri� or sand sharing system changed, that has resulted 
in erosion?

Ÿ If a factor has changed, is that factor a natural, temporary 
phenomenon (e.g. limited sediment input arising from drought 
condi�ons) or perhaps induced by anthropogenic ac�vi�es (e.g. 
the construc�on of a new pier or je�y), and if so can it be 
rec�fied?

Ÿ If the property in ques�on is bound by the HWM, has the 
landowner redetermined the posi�on of the HWM?

Ÿ Can temporary measures be used to safeguard infrastructure 
un�l the threat has passed?

Ÿ Is the infrastructure that is to be defended of strategic or public 
importance?

Ÿ What are the impacts on the proximal and distal components of 
the sand sharing system, if sea defence measures are 
implemented?

Ÿ Is there an opportunity to relocate the infrastructure 
landward?

Ÿ Are neighbouring proper�es also affected? Are seperate 
(individual) defence structures being considered or is a 
consolidated, uniform defence system proposed?

4.2  Sea defence structures 
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Ÿ acute and rapid erosion events that arise from 
�me to �me. 

Ÿ chronic and ongoing scouring that is part of the 
inherent dynamism of the coast and is o�en not 
generally evident, unless given closer scru�ny; or 



Retreat 
As sea levels rise, the op�on of retrea�ng from land that is 
influenced by waves and sediment should be considered. Retreat is 
the op�on of choice and it should be given the most considera�on 
under any erosion event and before considering the implementa�on 
of sea defence mechanisms. However, this op�on o�en encounters 
legal challenges and can be extremely costly. While the financial 
aspects of employing the retreat op�on may vary from case to case 
and are o�en insurmountable, this op�on should be weighed up and 
given due scru�ny in any site assessment. Some KZN municipali�es 
have been proac�ve and implemented retreat, where faced with 
chronic coastal erosion. 

system moves to find a state of equilibrium. If retreat cannot be 
employed and there is sound ra�onale for the implementa�on of 
further sea defence measures, then considera�on of one (or a 
combina�on) of sea defence systems may be undertaken. A 
spectrum of defence op�ons is available as depicted in 20. Figure 
While the op�ons considered relate to methods that may give rise to 
rela�vely benign to very severe impacts, such alterna�ves vary in 
impact from site to site along the coast.

Ÿ Relaxa�on of building lines. O�en building lines and other 
development controls prevent the retreat of structures. Where 
the relaxa�on of building lines landward of the coast is 
required, municipali�es should facilitate such retreat under 
agreement with the landowner.

Ÿ Land swaps. Municipal land may be considered as an 
alterna�ve site for the reloca�on of structures that are found to 
be cri�cally endangered by coastal erosion.

Where legal issues come to the fore as constraints to retreat, 
considera�on should be given to:

Ÿ Possible expropria�on of land/purchase of land. 

Photo: ORI 

Figure 20. The spectrum of sea defences.
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Ar�ficial dune systems 
Where retreat cannot be prac�sed and erosion is primarily of a 
chronic and incipient nature, considera�on can be given to the 
establishment of an ar�ficial or augmented dune system. The 
objec�ve of this ac�vity is to augment the sand sharing system at a 
select point above the high-water mark through the crea�on of 
“dunes”. At this point, an ar�ficially created dune acts as a reservoir, 
offering sediment to the beach during �mes of beach defla�on and a 
deficit in sand, and acts as a buffer to marine inunda�on under high 
�dal and storm surges. 

Ar�ficial dunes are temporary in nature but are also an anomaly 
within the sand sharing system; and while they can give the illusion 
of a sand-rich por�on of coastline, erosion and the threat of wave 
inunda�on remains. Nonetheless, they do offer a method of coastal 
protec�on that is effec�ve under low to moderate erosion 
situa�ons. In addi�on, such dunes can offer an opportunity to 
establish a visually pleasing environment, with plan�ngs placed 
upon the dunes providing aesthe�c and perhaps some ecological 
benefits.

In general, when establishing ar�ficial dunes, it is preferable to 
u�lise material that is not derived from the sand sharing system nor 
sand from below the high-water mark. Moving sediments from 
these points into dunes that lie to the lee of the sand sharing system 
is simply displacing materials within the system and shi�ing the 
deficit. Preferable sources are washed materials from legi�mate 
sand mining opera�ons or alterna�vely, dredging opera�ons 
associated with harbours and similar facili�es.

It should be noted that where erosion is acute or is relentless, it is 
unlikely that the crea�on of an ar�ficial dune system will meet the 
requirements of a suitable defence measure. In such cases, 
considera�on should be given, firstly, to “retreat”.

During the 1990s, a lifeguard tower was constructed in Ballito at 
its second bathing beach, Clarke Bay. Although the structure 
offered a lifesaving facility for the beach and added to the assets 
of the municipality, it was effec�vely constructed within the sand 
sharing system of Clarke Bay - a small pocket beach that showed 
some of the greatest sediment dynamics recorded along the 
northern KZN coastline. 

In 2007 an extreme storm event saw the lifeguard facility 
inundated by waves in excess of 18 m in height. Damage to the 
building was severe, but not beyond repair. The KwaDukuza 
Municipality took the bold decision to demolish the structure 
based on the understanding that:

Clarke Bay’s lifeguard tower 

Ÿ The reinstatement of the dune and beach provided addi�onal 
defence to landward proper�es and infrastructure.

Ÿ The structure was a liability to neighbouring property owners 
in that it served to diffract and focus incoming waves, 
resul�ng in erosion of adjacent proper�es.

Ÿ The removal of the structure freed the beach and dune for 
recrea�onal users in a node that was under pressure to find 
space for beach users.

Ÿ The structure altered the back beach and dune form and 
changed the sand sharing system at Clarke Bay.

Photo: North Coast Courier

Lifeguard tower: (a) following the 2007 storm and (b) its demolition  

Photo: Omar Parak
(a)

(b)

50



Geofabric defence systems

The geofabric system evolved as a means of arres�ng or preven�ng 
erosion. This is done by virtue of its woven material which encases 
beach sand (normally derived from the subject site) and allows for 

The geofabric sea defence system is a specialised form of revetment 
or sea wall. These structures are employed as a means of preven�ng 
erosion but unlike revetments, are generally deemed to be 
“temporary” structures. 

Beach nourishment or sand replenishment is o�en favoured as a 
coastal defence as it significantly increases sediment availability. At 
the same �me, it creates a generally wide but aesthe�cally pleasing 
beach without altering the appearance of the coastline. The sand 
replenishment process serves to widen beaches and inflate the 
offshore bar, dissipa�ng wave energy in the surf zone and close to 
shore. The deposited sand then enters the li�oral transport system 
and is moved along the shore.

Beach nourishment can be undertaken on a minimal scale, using 
basic equipment such as trucks and plant machinery, while more 
sophis�cated methods include the dredging of material and the 
pumping or “rainbowing” of sand onto beaches from dredgers. 
Sophis�cated, permanent beach nourishment systems are also in 
place across the world, par�cularly where harbours and 
breakwaters have affected the li�oral transport system. These 
systems include the collec�on of sand from a point of surplus 

sediment (a “sand trap”) and its reloca�on through a series of pipes 
and pumps (or alterna�vely direct pumping from a dredger) to a 
point of sediment deficit or erosion. Much of Durban's central 
beachfront is maintained from �me to �me by sand pumping and 
rainbowing of dredged material onto its beaches.

Other factors to consider in respect of beach nourishment include its 
smothering effect on marine and inter�dal organisms and the 
introduc�on of foreign sediments, which may alter the 
ecomorphology of the beach. The sourcing of sediments may also 
have nega�ve impacts and in this regard, if sediments are sourced 
from the offshore environment, it is recommended that sources 
should lie well beyond the point of closure of the largest waves 
encountered along that coastline, thus avoiding severe disrup�on of 
the sand sharing system. 

Beach nourishment

Beach nourishment can be rela�vely benign and a rapid response to 
erosion. However, it is important to note that this is considered a 
temporary measure where the sediment will be lost, and in some 
cases this loss arises in a ma�er of hours or days, depending upon 
the prevailing marine condi�ons. This makes beach nourishment an 
expensive, repe��ve solu�on. 

Photo: Omar Parak

Artificial dune system at uShaka Beach: (a) during establishment and 
(b) after establishment

Photo: Marinel Willemse

(a)

(b)

Sand pumping at Addington Beach

Photo: ORI
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Establishment of a geofabric defence in Salt Rock 

Photo: Omar Parak

Groynes are structures established inshore, perpendicular to the 
shore in order to interrupt the inshore sediment transport system 
(the li�oral dri�). The intended outcome of establishing a groyne is 
to capture sand on the updri� por�on of the shoreline, slow down its 
movement alongshore and thereby establish a wider beach and 
inter�dal zone. The length of the groyne will determine the amount 
of sand that is captured. However, the structure will allow for some 
sediment to pass downdri� of it. Groynes can be constructed from 
wood, concrete, steel and rock. 

In Durban, the Paterson Groynes were built to capture and retain 
sand along the Golden Mile and thereby maintain sand for 
recrea�onal purposes. These were impermeable rubble and rock 
groynes that were replaced by a series of semi-permeable concrete 
piers in the 1980s, to allow for the more even distribu�on of sand 
along the beachfront. However, some of these piers have 

Ÿ Due to the malleable and so� nature of geofabric containers, 
these structures absorb, rather than reflect, much of the 
incoming wave energy and thereby impair the establishment of 
reflec�ve waves. 

the reten�on of sand at the point of erosion. They are favoured as 
coastal defence mechanisms on account of the following:

In KZN these geofabric systems proved invaluable in restoring a 
coastline devastated by acute erosion arising from the March 2007 
storm and �dal surge event, and have been popular forms of coastal 
defence since that �me. However, there are drawbacks in the 
applica�on of geofabric material to establish what is essen�ally a 
retaining wall system or revetment, and which is a disrup�on to the 
sand sharing system. Although capable of absorbing some level of 
incoming wave energy, retaining walls established with geofabrics 
do under many circumstances establish reflec�ve waves, and 
prevent the infla�on of beaches. Vegeta�on too is generally 
incapable of establishing on the woven material, although some 
systems allow for the placement of pockets for plan�ng and present 
a “green” facade. It is, however, clear that inter�dal and supra�dal 
floral and faunal popula�ons will change where geofabric container 
systems have been established. 

Ÿ Geofabric reten�on systems are also seen to adapt to changing 
beach profiles as they are not rigid structures. 

Ÿ These systems are considered temporary and can be removed 
should circumstances change along a coastline. 

When planning for the use of geofabric defence systems, it is 
important to note that in most situa�ons where rock or cliff 
environments dominate, their use is limited and if placed in such an 
environment, they effec�vely are an anomaly within the broader 
ecomorphology of such areas. 

These systems are a useful protec�on measure along a coastline 
undergoing erosion; however, their use should be subject to specific 
condi�ons. The nature of these materials confines their longevity to 
an es�mated 20 years - thus the placement of geofabric systems to 
defend non-strategic por�ons of coastline should be subject to 
ongoing management and monitoring. It is important to iden�fy 
trends in coastal processes along the shore and the applicability of 
these systems under such changing circumstances, as such systems 
will prevent the re-establishment of dunes and the back beach once 
erosion events pass.

While groynes may effec�vely capture sand from the li�oral dri�, 
their influence on the sand sharing system is highly disrup�ve. As 
sediments accumulate within the inter�dal and beach environment, 
updri� of the groyne, this results in a deficit of sand downdri� of the 
groyne. In addi�on, significant rip currents are established next to 
the groynes. These send sediment seaward and create a hazard to 
bathers who may be caught in the currents. Under storm and high 
�de events, waves o�en overtop the groyne and scour out the more 
landward por�ons of the structure. To counteract this, groynes are 
o�en constructed in a manner that extends the structure to points 
well landward of the high-water mark. However, this results in a 
disrup�on of the long-term sediment transport on the back beach 
and the dune system.

Groyne systems
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subsequently been infilled with rock and geofabric materials which 
to all intents and purposes have effec�vely re-established the 
Paterson Groynes.

Groynes are a very expensive means of establishing a sea defence 
system. Their implementa�on should only take place under extreme 
situa�ons and possibly only as a temporary measure (e.g. using 
geofabric systems) and following extensive research and evalua�on. 
Once established, their influence on the sand sharing system and 
longshore li�oral transport can be significant, with erosion or 
accre�on arising at points well beyond the intended target coastline. 
It therefore is prudent to have a sound understanding of what the 
inten�on of the groyne may be, as well as the influence that the 
groyne may have on the wider coastline.

Revetments and seawalls are generally u�lised along exposed, 
urban coastlines where there is a need to prevent erosion and 
protect infrastructure at all costs. These are considered to be more 
robust than a geofabric system, with somewhat different 
applica�ons, as well as differing physical and coastal responses. 

Revetments and seawalls

Significant engineering can go into the design and construc�on of a 
seawall and as a consequence, these structures take on a number of 
forms depending upon the coastal environment in which they are to 
be situated as well as the level of protec�on required for 
infrastructure placed behind the seawall (Figure 21).

The differing designs for the revetments pictured here would be 
based on a number of fundamental factors including the nature of 
the shoreline, the nature of wave force and wave height, as well as 

the intended use of the shore following construc�on and the 
ra�onale behind protec�ng the area at risk.

What is evident from these structures is that they too significantly 
disrupt the sand sharing system and are effec�vely an anomaly 
within the coastlines in which they have been established. Seawalls 
are o�en constructed with li�le considera�on of the beach 
environment that lies adjacent to it. Many professionals see the 
introduc�on of seawalls as the defining or se�ng of the interface of 
the marine and terrestrial environments, which o�en results in the 
incorrect placement of these structures and resul�ng in the 
reclama�on of land. Generally, the closer the high-water mark is to 
these structures, the more profound the change to the coast. The 
most conspicuous result that accompanies the establishment of a 
seawall is the defla�on of the beach and a general deficit of sediment 
at the point of construc�on. This sediment loss arises because these 
structures prevent sediment from the dune reservoir reaching the 
beach, but also establish a reflec�ve wave under high water 
condi�ons, that serves to mobilise sediments and send them 
offshore (Figure 22). 

Figure 21. Differing designs u�lised for seawalls.

mean sea level mean sea level

mean sea level mean sea level

recurved seawall
stepped and curved seawall

gabion wall revetment
rubble mound seawall

Durban’s Golden Mile in the 1970s - note the effect of the groynes 
on sediment transport

Photo:    gobetweenflames.wordpress.com

Figure 22. Seawalls cause scouring in the beach, inter�dal and sub�dal 
environments.

beach and inter�dal
sediment scour 

defence structure

possible change in supra�dal 
and sub�dal habitat 

secondary, reflec�ve wave 
promotes erosion
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Ÿ Failures in seawalls inevitably give rise to significant scour behind 
the structure. The seawall must be designed to prevent 
overtopping of the structure by the regional, significant wave 

rdheight (significant wave height is the average of the highest 1/3  
of waves recorded).

However, it is important to note that establishing an ar�ficial reef 
system within a wave-dominated environment brings numerous 
engineering and ecological dilemmas, chief amongst these how to 
found these structures to the seabed.  

Ÿ At some point the structure will terminate along the shoreline. At 
this point the physical interface between land and sea will change 
and unless suitable measures are taken, exacerbated erosion is 
likely to arise. The nature of the end point and how further scour 
and erosion can be prevented at this point must be presented in 
any designs.

Ÿ Reclama�on of the shoreline following erosion events, using 
seawalls, should be avoided.

The concept of ar�ficial reefs has been proposed as a means of 
addressing coastal erosion, par�cularly where erosion is arising on 
beaches of high tourism value. The philosophy behind ar�ficial reefs 
is to establish a structure that obstructs incoming wave energy and 
dissipates such energy at sea or in the inter�dal environment before 
it reaches the shore. In effect, an ar�ficial reef acts as a submerged 
breakwater. The concept of establishing an ar�ficial reef is o�en 
perceived as a “greener” or more sustainable solu�on to erosion 
than other shore defence alterna�ves. If suitably constructed and 
designed, the structure may offer a sound stratum for the 
establishment of sessile marine life, ac�ng as a rocky reef habitat.

Other important factors to consider in planning a seawall:

Ÿ It is useful to grade a seawall to between approximately 18 and 30 
degrees to accommodate wave run-up and reduce the likelihood 
of crea�ng a reflec�ve wave. This slope or incline of the structure 
should be iden�fied and accommodated in the design to avoid 
further extension of the revetment towards the sea.

Ÿ Adding a roughness component or rock armouring to the surface 
of the wall assists in dissipa�ng wave energy and creates small, 
niche environments (Figure 23).

Ÿ Seawall structures should be placed as far landward as possible. 

Ÿ A geofabric containment system can be placed along the face of a 
revetment to absorb wave energy and reduce reflec�ve wave 
genera�on. This op�on is useful when used in the correct manner 
but should not be seen to “disguise” the fact that a seawall is 
being constructed (Figure 23).

Ar�ficial reefs (submerged breakwaters)

Although no ar�ficial reef structures have been constructed in KZN, 
elsewhere in the world they have been established to address 
eroding coastlines, generally with limited success. In some cases, 
they have been proven to be more of a risk to the shoreline and have 
subsequently been removed. Such structures are extremely 
complex and costly to construct, and it is doub�ul that the benefits 
that arise are worth the effort.

Seawalls should be the defence structures of last resort. They are 
very expensive to build and can have a significant impact on the 
ecomorphology of a coast. They are perhaps best suited to por�ons 
of the coast where the geology lies close to the surface and forms a 
solid pla�orm upon which to found the structure. Sand, mud and 
other so� coasts require significant engineering to ensure that the 
structures are securely founded. 

Figure 23. Rock armouring and geofabric armouring may ameliorate 
some of the impacts that arise from the establishment of a seawall.
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rock armouring

seawall

core structure
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infrastructure

roadway/
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Some ques�ons that should be answered when considering the use of 

an ar�ficial reef system:

Ÿ How will the inshore li�oral dri� change because of a change in 

inshore li�oral processes?

Ÿ What influence will the reef have on inshore marine habitats?

Ÿ Will the reef be effec�ve under a rising sea level?

Ÿ How does one decommission the reef in the event of failure?

Ÿ What level of wave energy can be dissipated by the reef? 

Ÿ Can the ar�ficial reef structures be suitably fixed to the seabed?

Ÿ What will be the effects of changing the inshore wave regime?

Ÿ Will the reef be a liability to other beach users?
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While marine inunda�on and coastal erosion may be obvious 
impacts on infrastructure, placement of structures within or 
proximal to the dune cordon may elicit similar and some�mes more 
pervasive effects on structures. In short, structures that fail to 
account for the landward extent of the sand sharing system may find 
themselves addressing the problem of transgressive dunes and sand 
inunda�on.

Defending against dune transgression

As a coastline comprising of loose, unconsolidated sands and with a 
shoreline skirted by some of the highest vegetated sand dunes in the 
world, the impact of dune transgression on structures in KZN can be 
significant and costly.

In urban areas and some rural regions of KZN, vital infrastructure lies 
proximal to the coastline and is at risk of engulfment on account of 
shi�s in the local sand sharing system. Dune systems are either 
stable or unstable and over a given �meframe can shi� between 
these two states. When undertaking construc�on along the coast, 
the delinea�on of the sand sharing system becomes an important 
task in ensuring that infrastructure is not engulfed by sediment or 
unleashes a change in the dune reserve. However, in the rapidly 
changing coastal environment, the si�ng of structures is o�en done 
without an understanding of coastal processes and transgressive 
dunes can arise rapidly, o�en because of forgo�en historical 
interference on a dune. 

When faced with mobile or transgressive dune systems, it is 
important to inves�gate the roots and causes of such dynamism 
before deciding on the most appropriate response. In effect, one or a 
combina�on of measures can be employed:
Ÿ Reloca�on. The affected infrastructure can be relocated to a 

point outside of the sand sharing system or dismantled.  
Ÿ Sediment collec�on. Where appropriate, it may be possible to 

collect incoming sediment on a regular basis and relocate this 
back into the sand sharing system, preferably by dumping the 
material below the HWM, updri� of the site. This can be an 
expensive undertaking and is perhaps only useful when influx is 
at low volumes.

Ÿ Sediment diversion. By tracking sediment movement in and 
around an affected site, it may be possible to divert such sands 
away and out of the transport pathway by ins�tu�ng a diversion 
mechanism into the path. This may sound simple; however, the 
ramifica�ons of such diversion must be well considered as this is 
further disturbance of the sand sharing system.

Ÿ Trapping and stabilisa�on. Given the right condi�ons, sediment 
transport may be constrained on dunes through the 
establishment of sand fences, plan�ng of vegeta�on or 
establishment of materials. Such measures work where low 
volumes of sediment are encountered; however, successful 
retarda�on of sediment transport is o�en elusive unless 
con�nued management is applied to the site.

Photo: Stuart Dunlop

Sediment transport across sand dunes 
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Descrip�on Ecomorphological 
disrup�on

Establishment costs Maintenance costs Timeframes 

The landward reloca�on of 
built structures to 
accommodate coastal 
processes.

Low. Coastline and coastal 
processes can affect subject 
site.

Low to high. Costs can vary 
according to the nature of 
infrastructure being 
relocated.

Low to negligible. Long term. Very effec�ve if 
suitable buffer is 
established.

The establishment of a 
dune-type feature using 
sediments and o�en 
vegeta�on, that acts as a 
barrier to incoming �dal 
and storm surge and/or 
augments sediment 
transfer.

Low to moderate. 
Altera�on of dynamics of 
sand sharing system as well 
as winds and other factors.

Low to moderate. Generally 
limited costs. Can u�lise 
readily available materials 
with landscaping. Costs 
dependent upon extent of 
dune system to be 
established.

Low. May require addi�onal 
materials to be imported in 
response to an erosion 
event.

Short to medium term. 
Ar�ficial dunes may 
ameliorate effect or may 
act as a barrier to moderate 
storm and �dal surge 
events.

The transfer of sediments 
onto a beach to increase 
beach width, augment 
erosion and transport 
volumes, and reduce 
erosion and the landward 
incursion of the sea.

Low to moderate. Can 
result in engulfment of 
inter�dal and supra�dal 
species. Effects change in 
li�oral transport.

Low to high. Can be 
expensive depending upon 
origin of sediments, 
method of dispersal and 
other factors.

Low to high. May require 
addi�onal and ongoing 
nourishment in order to 
remain effec�ve.

Short term. Where erosion 
is underway, beach 
nourishment is only a 
temporary measure and 
sediment augmenta�on 
op�on.

Woven material bags, 
normally filled with sands 
that absorb incoming 
waves and �dal surges but 
prevent the scour and 
transport of sands.

Moderate to high. 
Geofabric defence systems 
act as a revetment; 
however, they have 
reduced founding 
requirements and can be 
easily removed. Impacts 
can be easily reversed.

Moderate to high. Depends 
upon the size of the 
geofabric containers being 
u�lised as well as the 
extent of the defence 
system.

Low to moderate. May 
require replacement of 
bags or re-establishment.

Short to medium term. 
Lifespan on fabric is stated 
at about 20 years, but may 
be longer.

Structures established 
inshore, usually within the 
inter�dal to sub�dal zone 
to either break the energy 
of incoming waves, to 
abate erosion or to capture 
sediment and widen 
beaches.

High. Groynes act to 
sequester sand from the 
li�oral transport system 
and retain sediment at 
select points. Usually 
exacerbates erosion 
downdri� and improves 
deposi�on updri�.

Moderate to high. Depends 
upon extent and nature of 
shoreline being addressed.

High. Likely to require 
regular small-scale 
maintenance depending 
upon materials u�lised in 
construc�on. May also 
require significant repairs 
following storms.

Short to medium. Depends 
upon nature of shoreline 
environment.

Solid structures 
constructed of brick, 
concrete, sheet metal and 
retaining blocks used to 
prevent, reflect and resist 
incoming waves and �dal 
surges, and retain the 
terrestrial land form. 

High. Can result in 
irreversible change to the 
shoreline, diversion of 
erosion trends to other 
points along the coast and 
alters the sediment 
dynamics.

High to very high. Requires 
suitable founding 
condi�ons; may require the 
use of coffer dams and 
extensive shu�ering, as 
well as the use of plant 
machinery.

Moderate to high. May not 
require significant ongoing 
maintenance but where 
failure arises the repair 
costs can be significant.

Medium to long. Depends 
upon engineering design 
specifica�ons and coastal 
condi�ons.

Submerged structures used 
to dissipate wave ac�on 
and reduce wave energy.

Can be moderate to high. 
Depends upon nature of 
seabed and inshore 
environment. Effec�vely 
alters inshore wave 
dynamics and 
ecomorphology of coasts.

High to very high. Requires 
suitable founding 
condi�ons and specialised 
cra� and skills for 
deployment.

Moderate to high. May not 
require regular 
maintenance; however, 
where failure arises repair 
costs can be significant.

Medium term. Structures 
are o�en destroyed in high 
storm events or through 
a�ri�on. 
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Table 3. Summary of erosion defence op�ons and their budget implica�ons
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Isipingo lies to the south of Durban and is part of the South Basin, a 

key industrial hub of the region. A large transgressive or mobile 

dune state, across some 600 m of coastal frontage from the 

iSiphingo estuary to the uMhlatuzana canal to the north, can be 

found in this area. The dune field has affected numerous 

proper�es and is the subject of a number of a�empts to retard 

such transgression.

Dune transgression in this region has been an ongoing factor since 

before 1930. Numerous “bouts” of ac�vity in and around the 

iSiphingo estuary have been undertaken over almost a century 

including the diversion of the river mouth, clearance of vegeta�on 

and the establishment of walkways and promenades. All efforts 

have resulted in significant environmental degrada�on and in 

spite of this the dune systems have con�nued to move steadily 

landward.

The transgressive state of the dune systems is due to a 

combina�on of coastal factors, including that the embayment is a 

sand deposi�on point associated with a li�oral cell. Human 

ac�vi�es have served to alter the rela�onships and balance that 

were at play under a natural regime and has created problems for 

coastal managers and landowners alike. 

Isipingo

Transgressive dune at Isipingo with engulfment of structures evident

Photo: Simon Bundy

Desainagar

During the 1920's, early farmers along the coast of Tongaat were 

allocated lands close to the coastline. The lands proved difficult to 

farm on account of the strong onshore winds and local 

transgressive dunes. The farmers undertook to stabilise these 

dunes using an exo�c tree, Casuarina equise�folia. The trees 

worked well for a period, stabilising the dunes and also acted as a 

windbreak. However, they also acted to effec�vely increase the 

size of these dunes, establishing dunes many metres high. In the 

1950's a major road was built to the lee of these newly formed 

dunes. This roadway, however, served to alter the hydrology of the 

dune slack (changing the availability of groundwater to the 

frontal dunes). Importantly, casuarinas also have a lifespan of 

approximately 70 to 80 years and in the early 2000's, the trees 

started dying. The large dune that had accumulated soon became 

transgressive, giving rise to the encroachment of sands onto the 

road.

Transgressive dune at Desainagar with sand moving across a roadway

Photo: Simon Bundy

A tale of two dunes 
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Nearshore and shoreline factors

Ÿ Iden�fy the likelihood and extent of wave run-up and 
vulnerability to erosion. How will the opera�ons of the pipeline 
be affected in the event of a major marine storm?

When planning a marine ou�all some key factors should be 
inves�gated and given due considera�on by the proponent, 
environmental prac��oner and authori�es. 

Ÿ Iden�fy the sand sharing system and understand the inshore 
processes. While the pipeline and ou�all will be buried at some 
depth, this will require the excava�on of the coastline - which 
may include disturbance to coastal wetlands, dunes and cliffs, the 
beach and inter�dal environments. 

Ÿ An understanding of the nature of the material to be disposed 
should be obtained at the planning stage. This can be difficult as a 
variety of industrial chemicals may be discharged from a single 
source, such as from a wastewater treatment works. However, a 
sound understanding of the chemistry of the effluent is 

Planning and design issues for marine ou�alls

Ÿ Iden�fy inshore currents and processes that take place near the 
pipeline and ou�all. While discharge may take place some way 
offshore, inshore wave and current regimen may see discharge 
being brought back to shore (see offshore factors).

Ÿ An understanding of the supra�dal, inter�dal and sub�dal 
environments should be obtained in the planning of any ou�all. 
Inshore reefs and submerged geology will be affected during the 
construc�on of the pipeline.

Offshore factors

Ÿ In urban areas, beach recrea�on ac�vi�es may be affected, at 
least during the construc�on stage and possibly during the 
opera�ons of the pipeline. The nature and level of change that 
arises on the beach because of the pipeline requires 
considera�on and inclusion in the planning process. 

The requirement to dilute and dispose of 
wastewater into the marine environment is s�ll 
favoured by larger coastal industries, despite 
moun�ng evidence that the disposal of waste at 
sea can have significant ecological consequences. 
Such disposal is usually achieved through the 
establishment of pipelines that seek to transfer 
liquid waste to a point far enough offshore where 
the material does not affect human ac�vi�es. A 
common argument by proponents of pipelines and 
marine ou�alls is that the abio�c and bio�c factors 
within the sea act to disseminate waste discharges 
to unno�ceable levels and that such waste, 
through microbial ac�vity, gives rise to a more 
benign product.

In most instances, offshore disposal of pollutants is 
considered a cost-effec�ve means of waste 
disposal, as it reduces the need for land-based 
treatment. Monitoring of waste levels at the point 
of discharge is cri�cal to ensuring that impacts on 
the marine environment are minimised and 
mi�gated. The concern, however, is that such 
monitoring is difficult and some�mes erra�c, and 

the effects of such discharge is not always known. 

Marine ou�alls

Most commonly in KZN, marine ou�alls are associated with 
wastewater treatment works that serve large residen�al areas and 
are usually associated with the discharge of treated or par�ally 
treated sewerage. In the case of eThekwini's two marine ou�alls that 
serve the Central and Southern Treatment Works, these marine 
ou�alls discharge their waste at depths of about 40-60 m and extend 
more than 4 km offshore, well beyond breaker depths.

Pipelines are a consequence of both urban 
se�lement and industrial development, where 
liquid resources must be brought ashore. Marine 
ou�alls, serviced by pipelines, are generally 
conveyors of pollutants or foreign materials, which 
are disposed into the marine environment by 
making use of the dilu�on factor offered by the sea. 

Inshore pipelines and disposal
Occasionally the inshore discharge of effluent is 
undertaken, par�cularly in remote se�lements and 
where the establishment of an offshore ou�all 
proves too costly. Some small resorts and towns 
have established ou�alls at points along the 
coastline that are not frequented by recrea�onal 
visitors and have a high turnover in water through 
�dal exchange or exposed, wave-dominated 
inter�dal environments.

4.3 Pipelines, marine outfalls and single point moorings 
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Ÿ An analysis of the movement of water (using wind, wave and 
current data) both offshore and inshore of the marine ou�all, will 
inform factors such as dispersal of effluent discharge and iden�fy 
areas that may be affected.

Ÿ Considera�on must be given to the influence of the physical and 
chemical nature of the marine environment on the effluent (e.g. 
temperature), as well as the prevailing water chemistry. The 
dispersal of effluent takes place primarily through the movement 
of water (e.g. currents) and such informa�on will indicate the 
extent and possibly direc�on of dispersal under differing 
condi�ons. The expected boundary of dispersal of the discharge 
should be iden�fied.

important in the planning stage in order to inform mi�ga�on 
measures.

Ÿ A benthic survey of the immediate area around the proposed 
pipeline and ou�all, as well as at a larger scale, should take place. 
The survey should take into considera�on the dispersal of 
effluent, discharge levels and dri�, and would iden�fy marine 
habitats that may be affected by discharges. 

Ÿ It may be necessary to undertake a pelagic survey to understand 
how the ou�all may influence life forms within the water column 
surrounding the ou�all or down-current of the pipeline.

Ÿ An understanding of the nature of the seabed, in par�cular the 
form and mineral cons�tuents, is an important contribu�on to 
the understanding of the impact of a marine ou�all and its 
effluent on the receiving environment. Sediments at iden�fied 
points should be subject to analysis to understand their 
minerology and propensity to interact and allow for absorbance 
of chemicals onto their surfaces. Ou�alls may be affected by the 
build-up of sediment which could lead to engulfment of diffusers, 
thereby inhibi�ng opera�ons.

Single Point Moorings (SPM)
A SPM takes the form of a buoy that is established offshore which 
operates as an anchorage point for very large crude carriers and 
other vessels. SPMs are most u�lised by tankers for the loading and 
offloading of liquid products, such as oil or gas. They are also 
some�mes associated with oil rigs and produc�on pla�orms. The 
anchor system of SPMs is designed to respond to changing �des and 
wave condi�ons and therefore has some level of flexibility. However, 
the areas of the seabed around the anchors are subject to scour by 
the anchor. 

As the coastal economy of KZN grows, par�cularly with the advent of 
offshore oil explora�on, SPMs are likely to become a favoured means 
of transferring goods to shore. For the establishment of a SPM along 
the KZN coast, the same level of inves�ga�on that accompanies the 
establishment of a marine ou�all is required, adjusted for that 
se�ng (Figure 24). Included in the assessment would be several 
management issues, such as spill con�ngencies and marine salvage. 

l What other waste stream disposal op�ons are considered?

Ÿ What engineering and design changes can be incorporated into 
the pipeline or the disposal process that may ameliorate or 
moderate the nature of the effluent?

Armed with a sound understanding of the coastal and the marine 
environments, some key ques�ons that should be asked are:

Ÿ Why is this the most applicable op�on?

Ÿ What emergency or remedial measures can be set in place to 
address environmental issues, if or when they arise?

Ÿ What are the consequences of a change in process or waste 
stream?

Ÿ What monitoring can be performed to iden�fy any untoward 
impacts arising from the disposal point?

Figure 24. Opera�ons of a SPM and aspects of the coastal environment that should be subject to evalua�on.  
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Coastal access is underscored in the ICM Act and is an important 
social and environmental issue to consider along the KZN coast, 
where access can be obstructed as a result of priva�sa�on and linear 
coastal developments. 

The dune and beach environments along the KZN coast are not 
generally favourable for the establishment of promenades and other 
access points. Being primarily a sandy and rela�vely young coastline, 
the frontal dune cordon within KZN lacks sound founding condi�ons, 

while the dynamic nature of the sand sharing system 
makes suitable planning of routes difficult to iden�fy 
and to maintain, once established. A cau�ous and in-
depth review of access points and promenades 
should be undertaken prior to any submission for 
environmental authorisa�on. 

Promenades and access roads offer significant socio-economic 
benefits, while at the same �me create risks to the natural coastal 
environment ( 4). In addi�on, they are costly to construct and Table 
require regular maintenance. Mee�ng the access and recrea�onal 
requirements of the public, while at the same �me preserving and 
managing the natural processes along the coast, is a fine balancing 
act. 

Many authori�es iden�fy promenades as important public 
infrastructure which facilitates the use of a beach or coastal 
environment and enhances local tourism. However, the need for a 
promenade should be informed by other socio-economic factors, 
including:

The need and desirability for construc�ng a promenade 

Ÿ What are present beach visitor numbers? In other words, do 
present beach user numbers jus�fy improved mobility along 
the shoreline/coastline? If a promenade is constructed, how 
would this influence beach user numbers? Would the growth in 
beach users increase significantly and thereby impact on 
features of the coastline or perhaps require that the 
promenade be widened or extended? These are key ques�ons 
that should be answered through an environmental screening 
or impact assessment process.

Ÿ What is the user group profile of present beach users? While 
the number of beach users may indicate that the 
establishment of a promenade is required, numbers o�en belie 
the truth. In some cases, apparent increases in user groups are 
because that por�on of coastline has restricted access and is 
therefore of value to hikers, wildlife enthusiasts or other 
adventure seekers. Alterna�vely, increased traffic is simply a 
result of the route being a useful thoroughfare between two 
points. It is therefore important to define the beach user group 
associated with any por�on of coastline. Such informa�on will 
determine not only whether a promenade/access route should 
be established, but will also determine the rou�ng, design and 
structure of the access route.

Ÿ  A first line of planning would be to consult the Provincial 
Baseline Assessment on coastal access. 

Ÿ What is the nature of land use adjacent to the coast?  
Understanding the land use adjacent to a coastline should 
inform authori�es on the suitability of improving access to the 
coast or along the coast. Some important tourism venues and 
resorts may market their facili�es based on issues related to 
low visitor numbers and related factors. While all should have 
access to the beach, resorts and tourism businesses are 
important employers in KZN. Public engagement and socio-
economic assessments should be part of any assessment 
associated with a promenade or beach access.

Ÿ What are the key features of the coast that a�ract these user 
groups? Is it a good swimming beach? If so, then improved 
access may mean a need for improvement in other facili�es or 
increased investment in beach safety.

4.4  Coastal access, promenades and boardwalks 

Benefits Losses and risk

Improved pedestrian access 
to beaches.

Altera�ons of beach 
(terrestrial con�nuum).

Improved access for 
physically challenged persons 
and the elderly.

Secondary dune and terrestrial 
environments may be affected 
by onshore winds, channelled 
along access points.

Control of movement of 
beachgoers, par�cularly in 
sensi�ve coastal 
environments.

Changes in supra�dal and 
biophysical factors (e.g. 
change in surface water 
inunda�on into dune form).

Improved beach safety. Reduc�on in “elas�city” of 
dune dynamics as dunes and 
back beach are stabilised.

Table 4. Benefits and risks associated with promenades 
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Determining the dynamics of the supra�dal environment
Once an understanding of the need and desirability of establishing a 
promenade and associated access to the beach has been obtained, 
finer planning and design issues can be considered. As such, the 
design and rou�ng of such infrastructure should be defined and 
informed by the ecomorphology of the site. 

Factors to determine and establish in the planning and design 
phase include:

Ÿ What is the back beach and beach profile? Beaches that are 
subject to significant variability, extensive levels of infla�on and 
defla�on require that specific considera�on be given to the 
establishment of structures such as stairs that allow for access 
onto the beach. 

Ÿ What is the nature of the habitat and environment upon which 
the structure is to be established? It is important to determine 
the nature of sediments associated with the dune and back 
beach (fine grained or coarse grained, consolidated or friable 
rock), the underlying geology (fractured, weathered) and the 
vegeta�on zones. 

Ÿ What is the nature of the sand sharing system? Is there extensive 
varia�on in beach profile? Is the dune system transgressive in 
nature or does it show recent indica�ons of transgression? 
Engulfment of infrastructure by mobile sands is a common issue 
on the KZN coast and can lead to structures being inundated with 
sand.

Ÿ Delinea�on of the various vegeta�on zones (psammoseres) 
iden�fies points of stability as well as areas of ecological 
conserva�on value.

Ÿ What is the maximum expected wave run-up? This will inform 

where the promenade should NOT be posi�oned and will further 
inform on the extent of the sand sharing system. This may be 
par�cularly important on steeper dunes, rocky promontories and 
consolidated, supra�dal environments. Such informa�on will 
ensure that structures remain intact. 

Rou�ng of boardwalks/promenades
A key ques�on in the planning phase relates to the placement of the 
boardwalk or promenade. The coastal environment within KZN is 
legally complex and with increasing development pressures on the 
coast there is o�en opposi�on to such structures. 

Some important points to consider are illustrated in 5 and Figure 2
Figure 26, and can be summarised as follows:
Ÿ Watch out for unvegetated areas of the dune cordon. While these 

areas may be deemed “barren” and “devoid” of bio�c 
components, they are evidence of high levels of sediment 

Durban’s popular promenade

Photo: Kierran Allen

Photo: EDTEA

A poorly considered boardwalk and access structure

Ÿ What are the land legal aspects of the coastline? Much of 
KZN's coastline is covered by the Admiralty Reserve. However, 
there are many instances where private and public en��es 
own property that extends to the surveyed high-water or low-
water mark. In addi�on, the Admiralty Reserve and many 
servitudes along the coast are mired in legal and historical 
ma�ers that may check the development of access points or 
the construc�on of a boardwalk along the coast.

Ÿ  What is the ecomorphology of the coastline? In the same way 
that harbours and marinas may affect the li�oral dri� and the 
sand sharing system, so too does the placement of structures 
such as promenades and beach access routes. In effect, a 
promenade is a shore parallel structure that serves to alter the 
ecological and biophysical dynamics of the nearshore 
environment by placing a disjuncture across the dune cordon. 
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Figure 25. Dune profile and the preferable loca�on of boardwalks and promenades.

Building a boardwalk or promenade - engineering factors
Once the decision has been made to establish a boardwalk or 
promenade and a route has been iden�fied, considera�on should be 
given to the engineering and design aspects as well as the 
construc�on of the walkway (Figure 26). 

Ÿ Iden�fica�on of the seasonal rota�on of beaches. An 
understanding of the extent of beach prograda�on and retreat 
will indicate the normal level of beach infla�on and defla�on or 
sediment loss and gain. Regular iden�fica�on of the beach scarp 
over winter and summer will provide some indica�on of the level 
of sediment transport on a beach.

Ÿ Consider the prevailing wind direc�on. Exposing vegeta�on to 
strong onshore winds may result in significant die-back.

Ÿ Iden�fy and avoid ecologically important habitats including dune 
forests and coastal grasslands. These are cri�cally endangered 
habitats. 

Access to the beach and shoreline is the primary func�on of a 
boardwalk. At some point, beach visitors will wish to alight from the 
boardwalk onto the beach. Figure 25 indicates the problems that can 
arise where accesses to the beach are ill-placed. A thorough 
understanding of the beach and dune environments at the intended 
point of aligh�ng onto the beach must be undertaken. 

Ÿ Understanding beach profile changes should go hand-in-hand 
with the iden�fica�on of beach rota�on trends. Features such as 
river mouths, eroding cliffs or large dunes will alter the profile of 
the beach significantly.

Ÿ All designs will require the clearing of vegeta�on and some level 

These include:

Ÿ Watch out for sea defences and sediment stabilisa�on 
structures. Such structures are indica�ve of an erosive or highly 
dynamic state.

Ÿ Iden�fy and avoid “old parabolic dunes” or inac�ve dune fields 
that have been stabilised by vegeta�on. Ac�va�on of these 
transgressive dune forms may arise following construc�on.

Ÿ There are in effect two forms of structure that can be established 
to assist with pedestrian access to the beach - these are a raised 
structure and a surface-level structure. Surface-level structures 
are generally easy to establish and are not too costly. They are, 
however, only effec�ve on stable, consolidated surfaces and 
where there is limited passage by pedestrians. 

Some points to consider are:

Ÿ Watch out for exo�c plant species on the dunes, in par�cular 
planted specimens such as Casuarina equise�folia. Their 
presence is o�en indica�ve of a transgressive dune state and may 
belie the presence of mobile sands.

Ÿ Avoidance of areas exposed to high wave inunda�on. These will 
include points on the southeast of promontories, facing the 
predominant high wave inunda�on.

deposi�on and greater sediment mobility. Structures at these 
points are highly likely to be engulfed by transgressive dunes.

Ÿ Iden�fy and map the ecomorphology (geology, geomorphology 
and vegeta�on) in and around the proposed route and consider 
the stability of these areas.

back beachprimary dunedune slackstoss slope
(secondary dune)

crest & lee
(secondary dune)

zone 1 vegeta�on

Preferable Possible Avoid Avoid Avoid

scarp

zones 3-4
vegeta�on 

inherent instability 
leads to failure 

zone 2 vegeta�on

sea
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Ÿ Is the structure intended for both able-bodied and disabled 
persons? 

Ÿ Recycled plas�c materials are available as building materials for 
boardwalks and access points along beaches and dunes. Such 
material should be used judiciously. Where there is a possibility 
of boardwalks being eroded and lost to sea, it is preferable to use 
natural wood materials.

Ÿ It is useful to consider a boardwalk design that allows for the 
structures to be easily dismantled and relocated, should 
circumstances dictate. Where structures are subject to wave 
inunda�on or are found to have led to erosion, scouring or 
engulfment, it is wise to consider reloca�ng these structures. 

of excava�on of sands or other materials. Such clearance should 
be done in a manner that limits the width of the clearance along 
the selected route and limits excava�on. Use of plant machinery 
should be undertaken only where necessary.

Ÿ A raised walkway will require deep excava�on at points and the 
placement of �mbers between suppor�ng structures. Where 
possible, vegeta�on should be pruned to a manageable level and 
not cleared en�rely from the route. 

Ÿ Along some urban beaches, par�cularly rocky coastlines, where 
small pocket beaches predominate, it is wise to ensure that 
vehicular access can be acquired. Vehicular access can assist with 

emergency situa�ons, including whale and dolphin strandings, 
pollu�on events and bather safety. In such instances, specific 
considera�on should be given to the width of such accesses and 
the founding of the access road. Flexibility of materials is 
however an important considera�on - concrete aprons and 
extensive slabs are not generally suitable. Design and materials 
used should be site-specific and consider the above issues.

Ÿ Suitable founda�ons should be established to maintain a sound 
footprint and reduce subsidence and slip around suppor�ng 
structures.

Figure 26. Factors to consider when designing a boardwalk or promenade.

public land

zone 4 (dune forest)
private land 

rock cliff

Admiralty
Reserve or
servitude

avoid cliff edge and intrusion into coastal  
grassland habitat

avoid dune forest
(conserva�on value)

avoid private 
property boundaries

avoid stabilised 
parabolic dune

beach scarp

zone 3

zone 2

zone 1

parabolic 
dune

private land 

promenade/walkway

grassland

private land 
private land private land 

The boardwalk or promenade that is likely to be established in a 
shore-parallel arrangement should avoid construc�on within 
both the primary dune and primary dune slack. At the very 
minimum, these features, where they exist, should be delineated 
and used in planning of the route. Other features within dunes 
that must be avoided or given considera�on are:
Ÿ Overly steep dunes (even if vegetated). These dunes normally 

have a slope > 26°.
Ÿ Recently stabilised blow-outs and parabolic dunes.
Ÿ Vegetated zones 1 and 2.
Ÿ Conserva�on-worthy habitat, including dune forest, cliffs and 

grasslands.
Ÿ Admiralty Reserve or servitudes.
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Alterna�vely, the ecology of inshore marine or inter�dal habitats 
may be driven by stability in the nearby dune, which captures sand 
and prevents inunda�on of an inshore rocky reef. In addi�on, some 
habitats such as dune forests are extremely rare and are the product 
of a previous meteorological state that cannot be replicated. Its loss, 
along with a unique assemblage of species, cannot be mi�gated 
through rehabilita�on. The clearance of vegeta�on and loss of 
habitat therefore has not only implica�ons for the conserva�on of 
biodiversity, but prac�cal considera�ons from a coast and marine 
perspec�ve.

Habitats along the KZN coastline are inextricably 
linked, primarily through the sand sharing system. 
Thus, for example, a mobile dune field acts as a sand 
sink along the coast and supports a par�cularly 

unique habitat that has adapted to, and relies upon, a regular or 
irregular input of marine sands. 

Factors that require considera�on (Figure 27) 

The purchase of coastal land o�en results in the perceived 
maximisa�on of value by placing buildings close to the beach. While 
it may be desirable to place tourist infrastructure such as hotels and 
guesthouses in close proximity of the shoreline, the marine 
environment will (over �me) have an impact on the development, 
while the development will affect the coast and shoreline. As the 
sand sharing system shi�s to accommodate a change in dynamics 
brought about by establishing structures along the coast, a 
“hystere�c effect” arises, where the contemporaneous nature of the 

site is dependent on ac�vi�es and events that arose 
historically on the property. It is therefore important 
to plan accordingly using historical informa�on to 
determine the future of the site and forecast change 
arising from ac�vi�es. 

Disturbance of the sand sharing system

Property along the KZN coast is desirable and is seen as an 
investment by both individuals and property developers. Although 
the coastline is idyllic, it can be pummelled by significant swells that 
rise just to the south of the con�nent, in the region known as the 
“Roaring For�es” or from occasional low-pressure systems that 
generate fierce swells out in the southern Indian Ocean.

Buildings are designed to be rigid structures that 
resist movement of the soils around them. The sand 
sharing system is however “dynamic”. There is 
movement of sands at the macro and micro scale and 
over differing �meframes. This dynamism is o�en 
masked by vegeta�on, extended periods of calm 
seas and reduced storminess; or even increased 
sediment input into the shoreline, ac�ng to reduce 
the impact of waves on the shore. On account of 
these reasons it is important for a coastal property to 
be subject to a delinea�on of the sand sharing 
system to ensure that the structure is safely set in 
place, without impeding sediment transport 
systems.

Loss of habitat

A development set well back from the beach

Photo: Omar Parak 

Buildings sited within the sand sharing system and too close to the 
shoreline in Salt Rock 

Photo: Simon Bundy

4.5  Resorts and residential developments 
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Shadow impacts

ELP is known to affect cri�cal behaviour in numerous coastal and 
marine species including turtles, young fledgling shorebirds, clown 
fish and corals. A key factor in such disturbance is the understanding 
that animals do not perceive light in the same manner as people. 
Thus animals that take a behavioural cue from the presence or 
absence of light will respond to a change in the ambient night light by 
either ceasing that behaviour (par�cularly if it is a sedentary animal 
such as an anemone) or migra�ng from an area (preferring the 
absence of light). They may also be a�racted to the area by being 
drawn to the light or indirectly, as predators may prey on species on 
account of light. This can have generally latent but long-term effects 
on the ecology of the supra�dal, inter�dal and sub�dal nearshore 
environments.

Increasing the availability of light at night along a por�on of 
shoreline is akin to changing the rhythm of the �des. Many inter�dal 
species rely on the presence (or absence) of light for naviga�on, 
breeding purposes and the dissemina�on of propagules, or the 
laying of eggs. ELP is becoming a significant factor along coastlines 
throughout the world, so much so that the Australian Government 
has now issued guidelines on controlling light pollu�on and its 
impact on coastal and other species.

Natural vegeta�on on the coast is the product of numerous factors, 
ac�ng synergis�cally to establish differing coastal habitats. The 
presence of larger woody habitat comprising of taller trees is the 
result of a complex interac�on of physical and biological variables. 
Coastal developments o�en do not take this into account, with the 
primary focus being that of a sea view which equates to a “be�er” 
property, of higher financial value. However, the a�ainment of that 

Electrical light pollu�on (ELP)

Ÿ Use of ar�ficial swales and reten�on systems to promote 
evapora�on and percola�on.

Ÿ Water harves�ng systems to be employed for the reten�on of    
water;

Stormwater

The influence of shadows on beach and dune environments is 
controversial and is probably to be considered more of a social 
factor, rather than an ecological impact. Dune vegeta�on is 
surprisingly tolerant of shadows and limita�ons on light; it has to be 
as frontal dune vegeta�on is o�en an entangled mass of scandent 
and dense vegeta�on, ac�ng synergis�cally but compe�ng in an 
exac�ng and extreme environment. However, the impact of 
shadows cast by buildings on the dune, beach and inter�dal 
environments does mean that there is a change in entropy which 
may have subtle changes on coastal ecosystems. Further to this, 
shadows may have an influence on how user groups respond, some 
preferring to place themselves in sunny posi�ons or others 
preferring to move to the shade. This may in turn have an influence 
on the concentra�on of people along a given stretch of beach. 
Fortunately, KZN is an east coast environment and the long shadows 
that may appear on beaches are only felt late in the day when 
beachgoers are o�en seeking the respite of a bit of shade.

Ÿ Discharge of stormwater in a leeward direc�on, into streams, 
dune slacks or open ground;

Clearance for sea views 

Ÿ Use of a�enua�on tanks; and

Stormwater disposal is par�cularly important where percola�on is 
restricted or constrained. Along the coast, percola�on is not 

generally a problem as the soils are sandy and percola�on rates are 
high. However, colla�ng and discharging stormwater on sandy soils 
can bring about erosion and surface movement, destabilisa�on of 
dunes and change both surface and subsurface hydrology, as well as 
the ecology of dune systems. 

Key on-site features to be considered in stormwater planning for 
coastal developments are:

Promo�ng retreat
In many urban areas, infrastructure and private developments 
have been poorly sited with li�le understanding as to the impact 
that the sea may have on these structures, or how these structures 
may affect the shoreline. Over �me, these structures become 
entrenched in the coastal landscape but as new owners seek to 
demolish and re-establish buildings or change the land 
use/zoning, the impact of the original development comes to the 
fore. An alterna�ve management approach would be to offer one 
or more of the following op�ons to prospec�ve applicants and 
coastal landowners. These include:
Ÿ Relaxa�on of building line restric�ons on the landward extent 

of proper�es, allowing for structures to be built at points distal 
from the shoreline; and

Ÿ Rates reduc�ons or rates holidays for those prac�sing retreat. 

While more contemporary greenfield developments generally 
take coastal factors into considera�on during planning, many 
older urban structures remain intact, o�en leading to situa�ons of 
severe erosion. Given the value ascribed to coastal property, it is 
likely that economic tools and incen�ves will prove to be the most 
effec�ve means of addressing inherited risks along the KZN coast.
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Figure 27. Factors that require considera�on in the development of residen�al and coastal resort developments.

Depending upon where a property is located rela�ve to the 
shoreline, access directly to the beach is sought. However, this o�en 
requires the clearance of vegeta�on, further hard-panning and 
some�mes the development of access structures. These ac�vi�es 
may give rise to significant change in the localised dynamics and 
o�en do not account for the variability in the sand sharing system. 

sought-a�er view of the beach o�en requires the felling of trees and 
clearance of vegeta�on. More o�en than not, this is undertaken 
illegally, without the requisite permit. Where natural forest is 
cleared, par�cularly dune forest, ecological change of exis�ng or 
relict habitat occurs. Natural coastal vegeta�on should be le� intact 
and the environmental services that a property owner receives from 
the prevailing vegeta�on in front of their property should be 
appreciated.

Access (Figure 28)

service provision 
(power, water, sewer) 

founding condi�ons and 
engineering response

prevailing vegeta�on

nature of shoreline (eroding, 
prograding, shingle, rocky)

wave run-up and 
storm surge intrusion

access to beach 
(dune, cliff, rock)

ligh�ng and related 
requirements

Figure 28. Collated access serving several proper�es. Access routes to the 
beach [over State land] can only be established with the consent of the 
relevant municipality/authority.

beach

access routes are collated into 
singular route through dune

access path 
(entrance onto beach)

vegetated, stable dune

propertypropertypropertypropertypropertyproperty
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Most walls and fences found adjacent to the coast are situated along 
a cadastral boundary. However, in terms of the ICM Act, such right 
may be removed by movement of the HWM; or if the structures pose 
a general threat to public access and safety due to their proximity to 

the HWM.

Establishing fencing and security measures along the coast is a 
common requirement, as ports and commercial developments seek 
to protect goods and assets, and residen�al property owners aim to 
secure and define their property boundaries. However, fences and 
walls can disrupt the sand sharing system and nega�vely impact 
coastal func�oning.

Security planning

Ÿ Define the sand sharing system and place the 
fence line landward of this.

¢ infrared beams; and

Ÿ Consider the system that provides the op�mal 
security with the “lightest” footprint - these can 
include:

Ÿ Define the level of security required. Low, 
medium or high levels of security relate to risk 
and budget. Property owners should understand 
the risks involved in placing structures in unstable 
por�ons of the dune cordon or too close or within 
highly dynamic coastal features.

¢ closed-circuit monitoring;

Ÿ Define other coastal features - dune slacks, forest 
forms, streams and wetlands.

¢ a combina�on of technologies and barriers.

Ÿ Iden�fy/map the most stable points around the 
proposed fence line.

Ÿ Avoid crossing streams and wetland areas. 
Ÿ Avoid heavy rigid structures such as concrete or 

brick walls.
Ÿ Use galvanised steel metal if op�ng for fencing.

In planning security along the shoreward boundary 
of a property, some key ac�ons for property owners 
and coastal managers would be to:

4.6  Fencing and security 
Electric fencing inundated by rising tides in an estuary 

Photo: Simon Bundy

Photo: Simon Bundy

Fence established - no consideration of the sand sharing system or stream

Ÿ Undermining of fences and walls indicates that there should be 
retreat of the infrastructure.

When planning and maintaining security along a coastal 
frontage always bear in mind:

Ÿ Solid security infrastructure, such as walls and fences, change 
the drivers within the dune system so that an ecological 
response may include increased transgression in the dune form 
or increased stability. Vegeta�on to the lee of a wall or fence 
may become more verdant as the influence of coastal winds 
abates.

Ÿ Dunes and dune vegeta�on change over �me; thus 
management of security along boundaries is ongoing.
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Are present forms of access to the site adequate to cater for 
increased use by recrea�onal groups as well as the management of 
the pool (access for machinery during construc�on and 
maintenance)?

Access and levels of use

Is the selected site exposed to high storm wave condi�ons? Is the site 
posi�oned on the south of the iden�fied rocky promontory? If so, in 
KZN the site will be exposed to storm surges and wave a�ack. 
However, the maintenance of healthy condi�ons within the �dal 
pool is reliant on regular inunda�on of the pool by waves. This 
creates an engineering, design and budget conundrum that requires 
careful considera�on by coastal managers and planners.

Water quality

Key factors to consider in planning a �dal pool

Does the proposed site show significant changes in the adjacent 
beach profile? Tidal pools should never be built directly on beaches. 
Does the site show significant levels of sediment influx beyond the 
iden�fied point of establishment or on the point of establishment?  
Sediment inunda�on into a �dal pool is inevitable and will require 
removal. The more sand that is present in and around the �dal pool 
(say for example that a large offshore bar is a regular occurrence), 
the greater will be the maintenance costs associated with the pool.

The prevailing water quality in and around the site of the proposed 
structure is a key factor in maintaining a well-managed �dal pool, 
free from human and environmental health issues. Poor water 
quality that is regularly encountered in the marine environment may 
be exacerbated in a �dal pool, where turnover and dilu�on is 

Sediment transport

Wave regimen

The KZN coastline is known as a tourist des�na�on offering a sunny, 
warm environment with equally warm seas. However, in some areas, 

the inshore coastal environment is not conducive to 
swimming because of rocks, strong rip currents and 
steep waves. As such, the establishment of �dal 
pools, located in areas intermi�ently inundated by 
the sea, are considered to offer safe bathing areas 
along the coast. 

However, �dal pools should be considered as 
structures of last resort, as they are difficult to locate 
in a suitable environment that allows for their 
func�on. In addi�on, they require significant 
engineering and maintenance and have high 
environmental impacts. Figure 29 shows a �dal pool 
at Blythedale Beach on KZN's North Coast (2006 to 
2019). 

Figure 29. The planning and design of this �dal pool 
failed to take into considera�on factors such as wave 
inunda�on and flushing, sediment transport and the 
cost of maintaining the structure. 

Ÿ Changes in habitat form both within and 
beyond the �dal pool. With changing inshore 
sediment and wave dynamics, local habitats 
change. Areas previously devoid of sand may 
become inundated, changing rocky shore to 

Tidal pools can have considerable localised or 
wider impacts:
Ÿ Interrup�on of sediment transport within the 

sand sharing system - both onshore and 
offshore, as well as alongshore.

How a �dal pool changes the state of a coastline

Ÿ Changes in the inshore wave regimen can arise, 
diffrac�ng and reflec�ng inshore waves.

4.7  Tidal pools

Ÿ Both recruitment and elimina�on of species arises. Some 
species of fish, for example, find refuge in an area that 
previously they may not have had access to or were never 
found in. This may have ramifica�ons for the other species in 
the area and the local ecology of the system. 

Ÿ Maintenance of the pool may have consequences for various 
sessile and vagile marine fauna. The consequence of 
establishing a �dal pool is that it will have to be irregularly 
purged of water and cleaned. This inevitably leads to the death 
of much of the fauna residing in the pool.

sandy shore while others may become constantly scoured, 
making for a rocky shore environment.

80m
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A �dal pool has the poten�al to change beach user group profiles, 
act as an a�ractant or deterrent to certain user groups and affect 
commerce and businesses in and around the site of the proposed 
structure. Coastal managers should consider how a �dal pool will 
change these factors and should engage in public consulta�on, prior 
to their establishment.

Ÿ The pool should receive significant exchange of seawater, with a 
total turnover of water being at a minimum of every 24 hours 
(total flush). This normally requires that the sea-facing wall is no 
higher than the high �de level reached during a neap �de period 
and below the average breaking wave height at the site.

Ÿ The �dal pool should be placed along the shoreline in a manner 
that does not interrupt sediment transport. Understanding the 
sand sharing system and its dynamics in and around the subject 
site is the first step in design.

Socio-economic implica�ons

Ecological impact

While �dal pools may not be considered par�cularly obtrusive 
structures, the si�ng of it should consider the surrounding seascape 
and general ambience of the shoreline. This is par�cularly true for 
pools that may be constructed in non-urban environments and 
where other facili�es, such as ablu�ons, may be added. 

Durability

impaired. Land-based surface run-off into the pool should also be 
avoided in the design of the facility.

Maintenance of the structure is important, especially dredging of 
accumulated sediments. Although design of the structure is vital, 
there needs to be awareness of the long-term budget impacts of 
maintaining and repairing a �dal pool.

It is evident that the �dal pool will change a por�on of the rocky 
shore/inter�dal environment in which the structure is placed. 
However, in addi�on to the impact on this environment, increased 
visitor numbers to the pool will mean that natural habitats in the 
pool may be affected through the passage of users. In addi�on, other 
ac�vi�es in and around the pool (i.e. dunes, other rocky and 
inter�dal environments) may change on account of the placement 
of the pool and increased visitor numbers. The interroga�on of the 
impact of the �dal pool on local ecosystems should extend well 
beyond the footprint of the structure.

Visual amenity

A plan should be set in place for the removal of the �dal pool in the 
event of catastrophic failure or where the impacts that are manifest 
following its construc�on are proven to be of an unacceptably high 
level of significance.

Some design parameters
The design and development of a �dal pool is a unique undertaking 
that should relate to the nature of the site. Recognising the key 
factors described above, the design should take due considera�on of 
the following broad aspects that relate to the coast in general (Figure 
30) and more specifically the KZN coast:

Ÿ The pool should be posi�oned in a way that is distal from 
stormwater ou�alls or immediately updri� of such ou�alls.

Ÿ The sea-facing wall(s) should be established with an incline that 
facilitates wave run-up and overtopping and does not promote 
the reflec�on of incoming waves. Straight, ver�cal walls will 
reflect incoming waves and are likely to be subject to failure.

Ÿ The walls of the pool should be keyed into rock. The nature of the 
rock is therefore important. Fractured rock or sandy substrates 
should be avoided.

Ÿ The average depth of �dal pools in KZN lies between 1.75 m and 
2.00 m. This is suitable for most bathers and accounts for a low 
�dal co-efficient or low varia�on between low and high �de.

Ÿ A purge valve should be set in place to allow for the complete 
evacua�on or discharge of water from the pool during 
maintenance procedures.

Ÿ The impact of sea-level rise and storm events may require 
improved founding and structural design of sea-facing walls. 
Where pools are set par�cularly low in the water, sea-level rise 
may eventually render these facili�es void.

Ÿ The base of the pool should extend to the low spring �de level to 
allow for complete discharge from the pool when required.

Ÿ Suppor�ng infrastructure (public ameni�es, rescue and safety 
facili�es) should be considered. A �dal pool o�en brings with it a 
requirement for more infrastructure, including ablu�on facili�es, 
access paths and lifesaving facili�es. The requirement of such 
facili�es should be integrated into the planning of the pool and 
environmental authorisa�on process. 
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A �dal pool, by name, indicates that the �de is the key factor in 
maintaining the facility as a recrea�onal swimming or bathing 
resource. It is, however, not the only op�on that is available for 
providing a suitable swimming area. An alterna�ve to improve the 
swimming amenity in an area is to establish a saltwater or even 
freshwater swimming pool proximal to the sea. Any such structure 
should be posi�oned well beyond the sand sharing system and the 
influence of the �de. Construc�on and maintenance costs for such a 
pool can be calculated and may prove decidedly preferable to 
establishing a �dal pool.

Maintenance of a tidal pool on the KZN South Coast

Photo: Omar Parak

Figure 30. Specific features and recommended specifica�ons for a �dal 
pool.
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Large-scale WWTW Package plants and 
soakaways

A rapid drop in dissolved oxygen 
in nearshore waters and death of 
sessile organisms, including fish 
and vagile species.

Disposal into groundwater leads 
to contamina�on of the dune 
aquifer and water resources used 
for human consump�on.

The discharge of hazardous 
liquids leading to microbial 
infec�on and impact on water 
chemistry in estuaries and 
inshore bathing areas. 

Higher nutrient loading in the 
dune cordon alters soil chemistry 
and vegeta�on structure.

Impacts on recrea�onal amenity 
of beaches - this may include 
increased risk of bacterial 
infec�ons to beach visitors or 
foul odours. 

Impacts on recrea�onal amenity 
of beaches -  this may include 
increased risk of bacterial 
infec�on to beach visitors or foul 
odours.

Im
p

ac
ts

Table 5. Selected impacts from sewerage disposal systems 

4.8 Sewerage infrastructure and pumpstations

Large-scale wastewater treatment works can be 
found adjacent to the shoreline (as is the case in 
some of Durban's treatment works), while others 
may be located near estuaries (such as in Margate 
and Ballito). The ra�onale for their site selec�on at 
the �me was that wastewater could be disposed 
into the sea (directly or indirectly) and this would 
dilute the problem of high nutrient loading, which 
would have significant impacts on freshwater 
systems. In addi�on, saline waters would destroy 
many of the pathogens. In many instances, WWTW 
dispose of their waste into river systems and 
wetlands, but ul�mately, such wastewater does 
eventually find its way into the sea.

Towns and ci�es along the coast generally require 
the removal and treatment of wastewater and 
sewerage. Wastewater treatment works (WWTW) 
and their associated networks of pipes and 
pumpsta�ons are a requisite of urban se�lement, 
allowing for dense se�lement and high levels of 
human habita�on. Most sewerage re�cula�on 
systems within towns rely on wastewater being 
gravity-fed to the lowest point within a catchment, 
where through the use of pumpsta�ons, sewerage 
is  pumped to the WWTW and treated to 
“acceptable” levels. Consequently, pumpsta�ons 
and pumping mains (pipes) are o�en located 
proximal to the shoreline and in low-lying drainage 
points. This inevitably leads to minor failures, 
resul�ng in sewerage being discharged into these 
environments. In other cases, this crucial 
infrastructure is located at points suscep�ble to 
�dal and storm inunda�on, leading to failures and 
damage.

In rural areas, smaller sewerage systems (termed 
“package plants”) are proving to be a cost-effec�ve 
means of addressing sewerage. Package plants are 
generally u�lised where the site is not conducive to 
the use of a “soakaway” or sep�c tank system, 
which is a means of percola�ng sewerage into the 
ground. Both these small-scale systems, like the 
larger wastewater treatment works, can affect the 

state of the immediate coastal environment if not suitably sited and 
constructed. Such impacts are o�en encountered in coastal resorts 
and camping facili�es where sep�c tanks or small scale wastewater 
plants are u�lised. 5 summarises some of the impacts and Table 
changes that can be an�cipated on coastal ecosystems, arising from 
sewerage treatment and disposal systems.

Poor planning, construc�on and management of wastewater 
infrastructure not only has an impact on the environment but has 
been noted to nega�vely affect property prices, tourism and other 
economic aspects of a regions. It is therefore important to carefully 
plan the si�ng of new works and manage exis�ng works with 
increased care.

Regional WWTW are large, significant developments with equally 
large budgets associated with their development. O�en the posi�on 
of the WWTW is dictated by the broader urban environment and the 
topography of the region.

Planning responses and requirements 
Wastewater Treatment Works (WWTW)

Although exis�ng WWTW that are posi�oned adjacent to the 
shoreline are difficult to address, any new infrastructure should be 
constructed with due observance of the protocols and measures 
that accommodate sea-level rise and avoids storm surges and 
interrup�on of the sand sharing system. Where WWTW are found to 
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Ÿ Where discharge to the sea is to be undertaken via a pipeline, 
considera�on should also be given to the use of phyto-
remedia�on systems. Research has shown that marine algae are 
par�cularly effec�ve in the removal of nutrients and phenolic 
compounds used in dyes and numerous other industrial 
processes. This may require specific and perhaps complex 
engineering. However, with regional WWTW opera�ng over 
extended periods of �me, the impact dura�on of such facili�es 
needs to be mi�gated by applying the best technology available.

When si�ng and establishing a WWTW close to the shoreline, it is 
necessary to interrogate what benefits may accrue from the selected 
site when compared to alterna�ve sites. Coastal land is of high 
economic value and has significant ecological and social importance. 
Once established, WWTW o�en sterilises that por�on of the coast 
from a host of other land uses, in par�cular residen�al and resort 
developments. If no alterna�ve inland site is available then alternate 
design and management op�ons should be considered ( 31).  Figure 
These include: 

be presently vulnerable to sea-level rise and marine inunda�on, 
these plants should be considered as candidates for retreat. 
Alterna�vely, improved sea defence structures need to be 
considered at such facili�es. The la�er may have ramifica�ons for 
the immediate coastal environment around these structures.

Ÿ The use of phytoremedia�on systems (ar�ficial wetlands). An 
ar�ficial wetland system established between the WWTW and 
the final discharge point, river or estuary acts as a “scrubber”. 
Such wetlands, composed of suitable grade sands and related 
materials and populated with appropriate vegeta�on, act to 
capture and remove chemical compounds such as nitrates, 
phosphates and even hormones common in wastewater, before 
they are discharged into natural waterways. Exis�ng, natural 
wetlands should not be u�lised for such remedia�on. 

Ÿ Pipelines delivering waste to offshore points of discharge should 
be subject to specific review and considera�on. The EIA process 
should be part of this review process and considera�on of the 
need for a coastal waters discharge permit must be undertaken.

Ÿ Addi�onal measures to reduce the impact of wastewater should 
be employed. These include bio-gas genera�on and the use of 
ultraviolet or ozone disinfec�on of water prior to discharge.

Ÿ The use of reverse osmosis to recirculate sewerage and redirect 
water back to urban and industrial use. Such systems reduce the 
level of wastewater being discharged into inland and marine 
waters.

Where large scale planning of townships and other urban 
environments is being undertaken, the placement of sewerage 
infrastructure should be the prime considera�on and should be 
developed as a compromise between the lay of the land in rela�on 
to the coast, as well as the engineering requirements of such 
infrastructure. 

Ÿ The presence of a dune slack should be iden�fied so as to ensure 
sewerage infrastructure is set landward of this. 

Sewerage pipelines and related infrastructure

Ÿ The pumpsta�on, where possible, should be founded on a solid 
geology.

Once a suitable site and route for the infrastructure has been 
iden�fied, it is important that appropriate engineering is applied. 
Some of the planning and design around wastewater infrastructure 
should include:

Ÿ Factors such as the extent of the sand sharing system, wave run-
up, dune transgression and �dal inunda�on.

Ÿ The posi�on of the CMLs.
Considera�on should be given to:

Ÿ A suitable void or capacity to accommodate the expected volume 
of waste over a 24-hour period should be incorporated into the 
design. This void should allow for the reten�on of waste in the 
event of the pumpsta�on being unable to discharge to the 
WWTW (F 32).igure 

Ÿ The iden�fica�on of suitable founding condi�ons. As sand dunes 
are prone to movement, these do not make for suitable founding 
condi�ons for infrastructure, especially linear features such as 
sewer lines. Rela�vely detailed geotechnical inves�ga�ons must 
be undertaken.

Figure 31. Design and management op�ons for inclusion into a WWTW.

1. Incoming untreated sewerage 

2. WWTW
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4. Reuse &
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6. Direct discharge to river/estuary 
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8. Offshore remedia�on 
systems
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Ÿ The structure should be bunded with a swale, which is suitably 
vegetated, to accommodate small spillages and discharge of 
liquids emana�ng from the pumpsta�on.

Ÿ Where possible a phytoremedia�on area or ar�ficial wetland 
should be employed to redress minor spills. 

Ÿ A standby generator should be installed to ensure that power 
failures do not compromise the ability to clear sewerage from 
the structure.

secondary 
dune

frontal dune 
cordon beach

suitable setback 
from slack

pump- 
sta�on

swale/sump with
phytoremedia�on

pipeline

reten�on void

moist dune slackstandby generator

pump- 
sta�on

Figure 32. Recommended si�ng of sewerage infrastructure. 
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Harbour breakwater in Richards Bay

Photo: Kierran Allen

Photo: Omar Parak 

Pier construction in uMhlanga  

Piers and je�es
Piers and je�es are most commonly established 
along the shoreline as a means of enabling small 
cra� to moor or allow for the disembarking of 
passengers and goods. However, the KZN coast 
effec�vely only allows for cra� to moor within the 
shelter of estuaries, where calm and deeper water 
allows vessels to draw up alongside such structures. 
Most piers and je�es that are encountered along 
the coast serve other purposes (mainly that of 
tourism) or in the case of those found in Durban, act 
primarily as groynes and house pipelines and intake 
facili�es. In many cases, piers and je�es are 
associated with other major infrastructure 
inc luding  p ipel ines ,  desa l ina�on p lants , 
stormwater ou�alls and military installa�ons.

Physical and bio�c factors

Factors to consider in the establishment of a pier or je�y

Ÿ What is the nature of the coastline at the proposed point of 
establishment? Is the selected area “open coast”, in the middle of 
a bay or in the lee of a promontory? Posi�oning of such structures 
is important in assessing the local and regional influences such a 
structure may have on the coastline.

Ÿ What alterna�ve sites are available for the establishment of the 
structure? O�en the physical parameters affec�ng a por�on of 
coastline can vary significantly over a short por�on of shoreline.

Ÿ How will the structure influence inshore wave dynamics? The 
structure may act to focus waves through diffrac�on or establish 
a wave shadow on points along the shoreline. This has sediment 
transport and ecological ramifica�ons.

Ÿ How will the structure influence the sand sharing system? Piers 
and je�es set up rip currents which remove sand from beaches 
and the inter�dal zone and create beach bars off the end of the 
piers. 

Need and desirability

Ÿ What is the nature of the seabed and how will this change on 
account of the structure? The seabed can comprise of a mix of 
sediments, from muds to coarse grained sands and shingle. In 
some areas, reefs of aeolianite, dolerite or limestone may form 

Ÿ What is the expected lifespan of the structure? Is the structure 
mee�ng the demands of a short-term requirement? If the je�y is 
required for a short period of �me, then this would inform on the 
level of engineering and design that can be an�cipated to be 
associated with the structure.

Ÿ Is the structure of strategic importance? Will its establishment  
improve local and economic development in the region?

Ÿ What alterna�ves are available? The objec�ve of the pier may be 
met by other means, either from a spa�al perspec�ve or 
alterna�ve technologies. The benefits of the pier could be met by 
expansion of infrastructure within harbours or other sites.

Piers and je�es can be constructed from many 
materials - concrete and wood being the most 
popular. The general approach to establishing these 
structures is to place several caissons or pile 

structures into the seabed, upon which a level deck is established. 
The caissons are driven into the seabed either by the applica�on of a 
pile driver or by “je�ng”, leading to the removal of sediments on the 
seabed.

Should the need and desirability of the structure be confirmed then 
inves�ga�ons should be undertaken that relate to the biophysical 
and natural factors associated with the site.

4.9 Piers, jetties and breakwaters 
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the principle material on the seabed. The nature of the founding 
condi�ons on the seabed are important from an engineering and 
environmental perspec�ve, the former in ensuring the structural 
integrity of the pier and the la�er in order to understand how the 
shoreline's ecomorphology will change - both during the 
construc�on of the pier and therea�er.

Ÿ Can the structure be founded on the seabed with a high degree of 
precision? It is important to determine what anomalies may 
affect the construc�on of the pier. Materials buried in the seabed 
may affect the establishment of caissons and if encountered, can 
result in changes to the design of the structure. In-depth and 
accurate geotechnical inves�ga�ons are required.

Ÿ How far into the sea or estuary will the structure extend? This is a 
fundamental ques�on and will provide insight into numerous 
other factors.

While most breakwaters are built perpendicular to the shore, 
allowing for the structure to extend well beyond the low-water mark 
and out to sea, other breakwaters are built offshore and are known 
as detached breakwaters. However, a variety of breakwater systems 
are u�lised depending upon the desired func�on ( igure 33).F

Ÿ What administra�ve jurisdic�on applies to the affected por�on 
of coastline? Does the structure lie within private land, 
servitudes or the Admiralty Reserve? If it lies in the Admiralty 
Reserve or seaward thereof, what are the legal implica�ons of 
establishing the structure in this posi�on?

Design

Ÿ How deep will the caissons/piles extend? The depth of founding 
will determine how robust the structure is to storm events or 
even collisions arising from vessels.

Ÿ How will the structure be established? Will there be a 
requirement to establish cofferdams or perhaps a barge u�lised 
in construc�ng the pier?

Ÿ What is the strength and loading variables that must be u�lised in 
the performance and design of the structure? In other words, 
what is the probability of failure within the structure under 

specific loadings such as wave height, wave direc�on etc. This is 
o�en given by the “exceedance values” that may have been 
calculated for the structure, such as a “50-year storm” or “1 in 10-
year extreme wave height”.

BreakwatersŸ What habitat will be affected by the placement of the structure?  
This can be both the loss of some habitats or the establishment of 
“new” forms of habitat (e.g. sandy versus solid habitat). An 
understanding of the bio�c components of the affected seabed 
should be undertaken that in most instances is not a desktop 
exercise, but involves a level of primary inves�ga�on.

Breakwaters can be classified in three forms: shore-connected 
breakwaters, detached breakwaters and floa�ng breakwaters. 
Normally these structures are associated with ports and harbours. 
They func�on primarily to prevent sediment transport across and 
into the harbour entrance and to establish a wave shadow in the lee 
of the structure, allowing cra� to enter the harbour. However, in 
some cases, they are used to establish calm bathing areas for 
recrea�onal purposes.

Ÿ Will an increasing sea level affect the design parameters and have 
these been incorporated?

Ÿ How porous is the structure to li�oral transport processes 
(distance between caissons)? The porosity of the structure in 
rela�on to the sediment transport along the shore will determine 
the expected change in the beach profile, both updri� and 
downdri� of the structure.

Ÿ What variables have been used in the design of the structure? 
Has the structure been designed using only one variable, such as 
wave height? How has this data been derived?

Ÿ Have climate change factors, such as increased storminess or 
�dal inunda�on, been factored into the state of the coastline 
within the subject site? Changing clima�c factors will inform on 
the level of structural engineering required, the budget to be 
allocated to the structure from a risk aversion perspec�ve and 
assist with long-term planning around the structure.
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Most breakwaters are established to be “par�ally” permeable to 
sand - such as is to be found in the Durban beachfront piers - while 
others act to block the longshore dri� en�rely and direct sediment 
offshore. In both cases, an offshore rip current is set up that runs 
parallel to the breakwater and the strength of this current can be 
significant. In most situa�ons, the longer the breakwater the more 
velocity is evident within the rip current ( . While the Figure 34)
desired effect of slowing down the longshore dri� may be to capture 
sand, coastal planners and managers should recognise that 
increasing the strength of a rip current also promotes beach erosion. 

A suitable median should therefore be considered between these 
two phenomena, par�cularly where the objec�ve of the breakwater 
is to establish a wider beach.

Offshore or floa�ng breakwaters have been u�lised in Europe and 
some Asian states to establish areas for the safe mooring of cra�, as 
well as safe recrea�onal bathing. The objec�ve is to reduce clapo�s 
(wave) incidence, yet o�en this may be accompanied by unwanted 
sediment deposi�on. Floa�ng breakwaters can be removed, 
allowing the natural wave and sediment transport regime to be re-
instated. However, more permanent structures are problema�c. 
These structures, par�cularly in KZN, cannot generally withstand the 
impacts of the storm events that occasionally pound the coastline 
and they disintegrate readily. Once such structures become derelict, 
they are a hazard. 

Ÿ Do these structures perform a strategic func�on?
Ÿ What alterna�ve methods are available to fulfil the same 

desired objec�ve or outcomes?
Ÿ Is the necessary biophysical informa�on available to inform on 

the proposal's impacts and engineering design? 
Ÿ In KZN, the longevity of such structures is o�en short: how can 

the structure be safely decommissioned?

Key ques�ons to be considered when establishing a breakwater 

Figure 34. Changes arising along the coast with the establishment of 
a shore-a�ached breakwater or pier.
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Figure 33. Different types of breakwaters and groynes.
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There is li�le difference in the basic form and 
design of a harbour and a marina. Harbours are 
generally considered to be strategic commercial 
facili�es, capable of berthing tankers and large 
ships. Marinas are generally smaller in area with a 
focus on the provision of moorings for pleasure 
cra� and small boats.

Durban’s harbour took over half a century 
(between 1849 and 1907) to reach a state where 
the port was able to operate at a level capable of 
making it financially viable. Its construc�on was 
undertaken with limited knowledge of the marine 
and coastal environment. In addi�on, economic 
constraints, poor financial planning and a lack of 
understanding of the engineering required to 
establish such a facility resulted in many failed 
a�empts. Even today, the costs of maintaining the 
harbour as a facility accessible to shipping requires 
dredging of the entrance channel. This and other 
ac�vi�es within the port have immense biophysical 
and social impacts that influence the economics of 
the harbour and the neighbouring coastline. The 
ecological impacts are also immense, as inshore 
sediment dynamics are altered and the sand 
sharing system along the coast changes downdri� 
of the harbour entrance.

Planning a harbour
Harbours and ports, as well as marinas, are major 
engineering projects that require significant 
c a p i t a l ,  r e s e a r c h  a n d  p l a n n i n g  b e fo r e 

commencement. Most harbours and marinas, and indeed launch 
sites for cra�, arise organically, primarily because the coast offers 
features conducive to the berthing and mooring of vessels and cra�. 
Once economic ac�vity increases in any given coastal loca�on, the 
efficiency and low cost of bulk transport by sea acts as a s�mulus for 
further expansion of the moorings at the harbour.

The nature of the coastline in KZN limits the type of harbour or 
marina that can be established. There are however many types of 
harbours that can be found around the world:
Ÿ Natural harbour: where the nature of the coast allows for the 

establishment of a harbour.

Ÿ Open roadstead harbour: where no breakwater and ar�ficial 
shelters are required, as a sheltered environment exists along the 
coast.

Ÿ Natural river harbour: a harbour posi�oned within a river system 
where there is no reten�on of waters and quays, and wharves are 
present. 

Ÿ River basin harbour: Similar to a natural river harbour but the 
riverbanks have been excavated to establish addi�onal berthing 
space.

The KZN coastline is not conducive to the 
establishment of harbours and marinas, due 
primarily to the open nature of the coast where 
sheltered bays and backwaters are uncommon, 
while the large rivers that may make for suitable 
sites for their establishment are sparse. Harbours, 
by their placement, are subject to significant 
sediment influx and the effect of longshore dri� 
which, under normal weather and sediment 
transport pa�erns, moves to close these features 
from the sea.

Ÿ River �de gate harbour: A river harbour where a set of locks are 
established to maintain water levels in the harbour.

Ÿ A canal or lake harbour: A port where a lake system is connected 
to the sea via an ar�ficial canal.

Most of South Africa's major harbours are coastal breakwater ports 
or river basin harbours. However, proposals have been made in the 
recent past for offshore breakwaters and canal harbours along the 
coast. These differing types of harbour or marina have very varied 
impacts on the coastal zone. Therefore, very differing inves�ga�ons 
would need to be undertaken (Figure 35).

Ÿ Coastal breakwater: where a sheltering breakwater is established 
to buffer against winds and waves.

Ÿ Coastal �de gate: where locks are u�lised to maintain water 
levels at the port entrance.

4.10  Harbours and marinas 
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¢ Sediment transport dynamics in the marine environment, 
par�cularly where disrup�on of the li�oral dri� may arise.

¢ Sediment transport dynamics within any estuary/river that has 
been iden�fied as a candidate site for development.

Ÿ These projects are expensive at any level of undertaking and 
suitable finance should be available to ensure maintenance and 
opera�onal costs are covered, as well as the planning and 
construc�on costs. 

¢ Several social and socio-economic factors. These may include 
such diverse issues as visual impacts, noise, public access and 
present and future recrea�onal uses.

Key  to be considered issues
Ÿ What type of harbour or marina is to be constructed? The nature 

of the ships u�lising the harbour will determine the depth of the 
harbour (or how much dredge is required), while the 
geomorphology and geology of  site (rock vs sediment floor)  the
will be a determinant in respect of the channel depth, as well as 
the width of the harbour mouth. 

¢ A sound interpreta�on of the requirements to operate the 
harbour/marina as a feasible and viable en�ty.

¢ The impact of changes in the �dal regime around the river 
system, including changes in salinity/freshwater, as well as 
sediment discharge from the system.

Ÿ While marinas may appear to be desirable features within any 
residen�al development, there are socio-economic factors that 
must be taken into considera�on in order to make a marina a 
stand-alone, viable en�ty. These would include factors such as 
the number of berths and the proximity of the marina to other 
harbours. Marinas also typically priva�se what were public 
assets. In so doing they reappor�on rights, costs and benefits in 
ways that are not clearly evident. 

¢ G aeneral water quality changes in the estu rine and marine 
environments.

Ÿ The EIA process associated with a harbour/marina is an 
important tool in evalua�ng the integrated nature of impacts. 
Specific inves�ga�ons and research should be presented in this 
process which include:

¢ The impact of clapo�s within the harbour/marina, par�cularly 
how this may affect ecologically important areas and the 
measures that may be taken to reduce bank erosion. This will 
also be required in the design of moorings and other features.

¢ An ecomorphological assessment that brings the bio�c and 
physical components of the coast together and forecasts the 
impact of the changes brought about on the coast by the 
proposed harbour/marina.

From 1849 to 1907, five port engineers were employed to 
establish the mouth of the Durban harbour as a permanently open 
harbour. Each had different ideas and approaches to establishing 
and maintaining an open port mouth. The legacies of the failed 
a�empts are s�ll evident within the Durban coastline adjacent to 
the harbour mouth, with Vetch's Reef being constructed in the 
1860s. Vetch's Reef was constructed on the instruc�on of Capt. 
James Vetch, as a breakwater that would obviate the need to 
enter the harbour. The construc�on of this breakwater was 
abandoned in 1864 when it was realised that the engineering and 
materials being employed were incapable of withstanding the 
forces of the KZN coastline.

Vetch’s harbour

Evidently, Capt. James Vetch did not understand the nature of the 
environment in which he was working and had underes�mated 
the forces at work along the coast. He had failed to consider the 
impact of storms, �dal prisms, sediment dynamics and the sand 
sharing system as well as the biological components of the 
coastline. Although the reef has since become a recrea�onal 
a�rac�on along Durban's Golden Mile, the development had 
serious economic, social and ecological repercussions at the �me. 

Photo: Berea Mail

Vetch’s harbour (historical)
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Ÿ Sand-trapping systems are ways of preven�ng sediment 
obstruc�ng the harbour mouth or entering the harbour.

It is important to look well beyond the boundaries of the harbour or 
marina during the planning stages. A large harbour or even a small 
marina key economic drivers within towns and ci�es and can  are 
require considerable planning in terms of new access roads or the 
upgrading of exis�ng roadways. The posi�oning of buildings and 
structures that may be associated with the harbour, such as 
warehousing or the rou�ng of new and exis�ng services in the 
region  should also form part of the analysis.,

Ÿ Sand bypass and nourishment systems can be rela�vely minor or 
major sediment transfer opera�ons. These entail measures to 
maintain (at least in part) the sediment transport system 

inherent along the coastline.

Engineering interven�ons and mi�gatory measures 

Ÿ Dredging removes accumulated sediment within a harbour or 
marina. How this is undertaken and where the dredge spoil is 
disposed is of importance.

Ÿ In case of accidents, emergency measures to deal with lost cargo, 
spillages and general failures should be incorporated into design 
and engineering.

Ÿ Changes in sediment transport along the coast will see other 
por�ons of the sand sharing system (downdri�) requiring 
remedia�on. 

Figure 35. Factors that have to be considered and addressed in the construc�on and management of a harbour.
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Ÿ Beaches that are not prone to regular or seasonal fluctua�ons in 
profile should be selected. In KZN, such beaches are normally 
posi�oned close to small streams (hapua) or river mouths, where 
sediment budgets are o�en stable and inshore channels and 
waves are dissipated by an offshore bar.

Sound considera�on and care must therefore be given to the 
posi�oning of a launch site, access to the launch site as well as the 
management of the site. Launching of small cra� may appear to be a 
somewhat benign and temporally short dura�on ac�vity, though 
suitable launch sites are subject to the “organic growth” of 
structures and facili�es at these points. This o�en includes 
excava�on, landscaping and stabilisa�on of the beach and dune 
environments. Where changes in the beach and dune structure arise 
on a seasonal basis or longer, a�empts are o�en made to reverse or 
remediate these natural processes, where they interfere with 
launches. 

Launch sites along the KZN coast are generally 
associated with rivers or deep embayments. The 
open coast is characterised by steep beaches, a 
plunging shore-break and a backline that is in most 
instances, posi�oned very close to the shore. These 
factors are not conducive to a safe launch and 
suitable runs for cra� approaching or leaving the 
shore. Deep bays and river mouths do, however, 
offer safe launch sites with a subdued shore-break, 
shelter from larger southerly swells and reasonable 
opportuni�es to turn cra� around inshore. 
However, deep embayments and river mouths are 
o�en points of sediment deposi�on, marking the 
outer extent of a li�oral cell and presen�ng a highly 
dynamic por�on of the shoreline. These areas can 
also be ecologically important, with ephemeral 
dune forma�on and vegetated dunes which offer 
refugia to a number of terrestrial and marine biota. 

Si�ng of launch sites

Ÿ Considera�on should be given to the posi�on of features such as 
sand bypass systems, which may promote an area as a safe 
launch site but can change as a result of increased traffic through 
the dune cordon. 

Ÿ  Access to the launch site by vehicles should be short and limited 
in length. Traversing down the beach should be considered as a 
preferable alterna�ve to extended access through the dune (site 
dependent).

The KZN coast is a notoriously treacherous por�on 
of coast both from a naviga�onal perspec�ve at sea, 
as well as in the launching of small cra� directly 
from the beach or in some cases, estuary mouth. 
The o�en steep shore-break, inshore reefs and 
rocky nature of the coast make for a difficult launch, 
even under some of the calmest condi�ons. Where 
an incident such as engine failure or the capsizing of 
cra� arises, such situa�ons can become extremely 
dangerous. The si�ng and management of launch 
sites is therefore an important aspect of coastal 
management.

Ÿ Exis�ng bathing beaches and beaches used by other recrea�onal 
users should take preference. However, authori�es may wish to 
consider management systems associated with the �ming of 

Launch site characteris�cs (Figure 36)

Applica�ons for launch sites should therefore be scru�nised in terms 
of a long-term approach to the management of the area. Launch 
sites are generally posi�oned in the lee of promontories or river 
mouths, where surf condi�ons are moderated and while this is most 
suitable for the launching of cra�, these areas are subject to 
significant washout and erosion. These erosion events result in the 
draw-down of sediments from the back beach and dune system, 
o�en denying vehicular access to the beach. Under these situa�ons 
the shoreline is o�en inundated and the response of those 
managing the launch site is to defend the structures around the 
launch site. This reac�on is understood; however, the sand sharing 
system alters in response to these changes and this in turn can have 
nega�ve consequences for the very factors that make the site 
suitable for the launching of cra�.

Launch site at Rocktail Bay, iSimangaliso Wetland Park

Photo: Simon Bundy

4.11 Slipways and launch site infrastructure
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Ÿ Support infrastructure such as radio control rooms, clubhouses 
and ablu�ons should be posi�oned within the stable component 
of the sand sharing system, well beyond the highest wave run-up. 
Structures that are required in close proximity to the shoreline, 
such as winches, should be set as far back as possible on the back 
beach and preferably on stable ground.

launches or segrega�on of beach user ac�vi�es across the beach. 
It is preferable that board sports, inshore snorkelling and 
swimming are maintained at points as widely separated from the 
launch site as possible.

Ÿ Inshore reefs are an evident risk to cra� launching and beaching 
but may assist with maintaining sediment on beaches. They 
should not be manipulated (e.g. excavated, dredged) to 
“improve” the launch site.

Ÿ Access through dune systems, where this is required, should not 
alter supra�dal sediment movement and should not be aligned 
with the prevailing winds. In other words, access should be 
shore-perpendicular and the requirement to maintain beach 
accesses by stabilising dunes, par�cularly along the stoss face, 
should be avoided.

Ÿ Offshore reefs should be given specific considera�on. A reef 
posi�oned proximal to a launch site is likely to be subject to over-
exploita�on. There is also evidence that low-level sonic noise 
from outboard motors and other cra� influence the behaviour of 
reef species.

Once a launch site has been selected and becomes opera�onal, a 
number of site-specific management condi�ons may be required. 
However, some condi�ons applicable to all launch sites in KZN 
include the following:
Ÿ Vehicles used in the launching of cra� should not be parked on 

the beach or back beach and should be removed from these 
areas unless involved directly in the launching or retrieval of cra�. 
In instances where it is not possible to remove the vehicle, 
vehicles must be parked at points on the beach which lie above 4 
m amsl and beyond the extent of the maximum wave inunda�on 
point achieved under a spring high �de arising in normal surf 
condi�ons.

Ÿ The suitable posi�oning of support infrastructure should be part 
of the applica�on and planning process associated with launch 
site development. Under most circumstances permanent 
structures should not be placed on the dune crest, slope and toe 
of dune systems.

Ÿ It may be a requirement to manage the vehicle access points at 
launch sites using retainer systems. However, further 
stabilisa�on of dune systems should not be undertaken. 

Management of launch sites

Ÿ Cra� should not be stored on the beach for extended periods of 
�me. Once a cra� has beached, that cra� should be removed to a 
suitable point that lies landward of the dune cordon.

Ÿ Vehicle movement along the beach must be limited to that 
required for the launching and retrieval of cra�, as well as 
emergency responses. 

Ÿ Suitable safety and emergency response equipment must be 
available on-site.

Ÿ A launch and catch register must be present at the launch site.

Ÿ All maintenance ac�vi�es associated with cra� or vehicles may 
not be undertaken on the beach and back beach.

Figure 36. Broader factors and issues associated with launch sites.
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Renewable or “green energy” features significantly within South 
Africa's Integrated Energy Plan (IEP). The coast has an abundance of 

energy forms and sources that can be harnessed 
under the banner of “clean energy”. As technology 
advances in the field of renewable energy, new forms 
may come to pass, while exis�ng forms may be re-
invented in other designs.

The IEP iden�fies six energy sectors that the country 
will draw its future power needs from, these being 
coal, crude oil, nuclear, natural gas, renewable 
energy and alterna�ve energy sources. The IEP 
iden�fies that there is a need to diversify the energy 
sector in the country and this would include a 
number of renewable energy sources. 

Three natural coastal forces are evident forms of 
energy that may be harnessed in and around the 
coastline - these being wave, wind and �dal. These 
are presently u�lised throughout the world, in and 
around coastal environments ( A fourth Figure 37). 
renewable energy is solar power, with the concept of 
“floa�ng solar farms” now gaining trac�on. It is 
proposed that such farms are likely to be established 
as a hybrid form of renewable energy produc�on. 
Other technologies that may be considered in the 
future inc lude use of  the inshore marine 
environment as a heat exchange for cooling purposes 
or the use of marine algae as an energy source. 

Renewable energy carries the “green label” as it is 
generally considered to have low or no CO₂ emissions 
and the fuel source is generally considered to be 
infinite. However, all renewable energy genera�on 
systems rely on the abstrac�on of energy from their 
immediate surrounds. In a coastal se�ng, a change 
i n  e n e rg y  ava i l a b i l i t y  w i l l  s e e  d e fi n i � v e 
ecomorphological change in response to such shi�s 
in energy availability. 

Waves

There are several technologies that have been considered for use in 
conver�ng wave energy to electricity. However, all rely on one or 
more structures that lie on or close to the surface of the ocean. 
These structures would be posi�oned in a manner that allows for the 
harnessing of the kine�c energy from the wave and its 
transforma�on into electrical energy. As commercial-scale power 
genera�on from waves is in its infancy, there is li�le in the way to 
indicate what form a wave power genera�on facility would take. 
However, the biophysical response of the coast to the establishment 
of such power genera�on facili�es will be directly related to a 
change in the energy received through wave ac�on. This may be 
manifest in changes in sediment transport, accre�on and erosion 
cycles or changes in community structure within habitats.

The harnessing of wave energy from the sea for the genera�on of 
electricity has been evident for some �me, but only reached 
commercial scale at the turn of the century. Waves are considered to 
be small pockets of energy that are moving in a par�cular direc�on. 
With over 3000 km of coastline, South Africa is well suited to the 
establishment of wave power projects. Waves along the coast can 
produce energy of between 25 and 50 MW/km, with an es�mated 
total power of 56 800 MW available along the en�re coast. 

4.12  Renewable energy 

Figure 37. Typical renewable energy ini�a�ves along the coast.
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Tidal

Power using the �des relies on the genera�on of electricity through 
the harnessing of the energy arising from the movement of water. 
Tidal power is generated through three basic means, these being 
�dal fences, turbines and barrages.

All the above methods rely on the movement of a turbine by water 
that is either ebbing or flowing in rela�on to the shore. Tidal fences 
and turbines are generally established inshore, to make the most of 
the exchange of water, while in the case of a �dal barrage, water is 
captured within a dam and slowly released to generate electricity.

One of the most significant aspects that should be borne in mind is 
that energy is being harnessed from the marine environment and a 
change in entropy can influence numerous factors. These include:
Ÿ sediment dynamics (both sub�dal and supra�dal);

Tidal power is considered a rela�vely reliable source of power 
obtainable from the coastal environment given the predictability of 
the �des. However, �dal power genera�on facili�es are not 
commonly encountered globally despite this predictability.

A key requirement for the installa�on of systems to harness �dal 
power (at a suitable return on investment) is the need for a 
significant difference in water levels between low and high �des. 
This variance must be at least 5 m. The KZN coastline does not offer 
such differen�a�on. However, new technologies may overcome this 
constraint from both an economic viability and engineering 
perspec�ve. Addi�onally, there are other constraints to the use of 
�dal power, including the need for suitable sites to harness �dal 
influx and efflux and suitable founding condi�ons.

Ÿ turnover of nutrients within inshore environments;

There are numerous factors that must be taken into account in the 
si�ng of any renewable energy project including demand 
economics, costs of establishment and environmental factors. Wave 
energy projects are, however, a possibility along the KZN coast.

Wind
Wind energy ini�a�ves are o�en associated with coastlines because 
of the regular and consistent nature of winds and their intensity 
along the coast. Wind energy is considered one of the key renewable 
energy forms in the South African energy mix. The South African 
Wind Atlas has been compiled to assist with the selec�on of sites for 
the establishment of wind energy genera�on projects. It has been 
observed that wind power poten�al is generally good along the 
en�re coast, with localised areas such as the coastal promontories 
showing very good poten�al. KZN is however not considered to have 
significant wind energy when compared to places such as the 
southern and eastern Cape. In addi�on, the inshore bathymetry of 
the KZN coast is not conducive to the construc�on of turbines in the 
offshore environment.

As energy becomes more and more expensive and demand rises, 
wind energy along the KZN coast may come to the fore as a power 
source. In such instances, it should be considered that wind is a key 
driver of many coastal processes, including wave genera�on and 
sediment transport. 

Ÿ Offshore structures will alter wave and sediment dynamics. 
How will these changes be manifest? 

Key ques�ons to consider for wind energy projects 

Ÿ As they draw energy from the wind, what will be the impact of 
coastal processes in the lee of the turbines?

Ÿ In the case of offshore turbines, power will be landed through 
cables. What are the impacts of landing such cables?

Ÿ Where are the turbines to be established?

Ÿ How and upon what will the structures be founded?

Ÿ What are the physical and behavioural impacts on sea birds 
that are likely to arise from such structures being established?

Ÿ How will the turbines be maintained, par�cularly if they are 
posi�oned offshore? 

Photo: h�ps://windeurope.org/  

Europe is home to the largest operational wind farms for both bottom-
fixed and floating foundation technologies
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Solar power is a reliable power genera�on source in South Africa. 
However, coastal KZN can be shrouded in sea mist as well as high and 
low cloud cover, resul�ng in an unreliable solar power system. In 
most instances, photovoltaic power genera�on on the coastline is 
likely to be found in associa�on with other forms of energy 
genera�on or as a standalone system on or associated with buildings 
and other structures. While floa�ng systems have been u�lised in 
Europe, these are unlikely to prove suitable along the KZN coast. 
Nonetheless, as technologies advance, solar and solar hybrid 
systems may find their way into the coastal KZN energy mix.

Currents

Ÿ noise factors with concomitant effects on inshore biota.

Solar

Ÿ lifecycles of species reliant upon �dal exchange; and

Wherever a natural energy form is encountered along the coast or in 
the marine environment, there is the poten�al to extract energy. 
This may also include the use of deep sea currents, such as those 
envisaged in the fast-flowing Agulhas Current that lies off the KZN 
coastline. One of the benefits of establishing power genera�on that 
relies on currents is that, like the �des, currents are mostly 
predictable and reliable (at least in the medium-term). While the 
engineering needed to draw energy from oceanic currents is s�ll in 
its infancy, it is clear that like the harnessing of energy from �dal 
movement, considerable investment will be required in order to 
establish a commercially viable facility for the abstrac�on of power 
from a current such as the Agulhas. Such facili�es will require 
substan�al research and inves�ga�on prior to their establishment.
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Inshore and sand sharing system considera�ons 
Ÿ The subsurface geology of the beach and inter�dal zone.

Ÿ Other factors - these include exis�ng ou�alls, derelict structures, 
wrecks, inshore breeding areas for fish and marine mammals, as 
well as bather protec�on systems such as nets.

Bathymetric considera�ons 

Electrical power cables are less encountered, but are becoming 
more common, par�cularly in the transfer of high 
voltage currents from offshore energy genera�on 
plants such as turbines. In addi�on, they have been 
used to provide power to small islands and offshore 
structures. The cables are usually sheathed in lead 
and can reach diameters of greater than 300 mm.

Ÿ The inshore components of the sand sharing system. This should 
include a review of the inshore sediment transport dynamics.

Telecommunica�on is vital to a growing, interconnected world and 
much of that connec�vity is supplied through the installa�on of 
submarine communica�on cables. These are laid between land-
based sta�ons and traverse across the seabed. The cables are 
primarily op�cal fibre and are generally thin and narrow in structure, 
most not exceeding 30 mm in diameter. They connect into land-
based cable networks at a “landing”, which is o�en marked by a 
manhole or possibly a more substan�ve structure, depending upon 
the nature of the network.

Planning a cable route (Figure 38)

The route taken by a cable is an important 
considera�on in any planning for the landing of 
cables. At depth, cables may remain unimpeded by 
both natural and human factors. As they approach 
the coastline they can be affected by coastal 
processes and human ac�vi�es. Such incidents 
include the dragging of anchors and fishing 
equipment, as well as natural events such as the 
slumping of offshore banks and earth tremors. 
Within the coastal zone, cables are affected 
primarily by the movement of sediments; however, 
the influence and impact that cables may have on 
biological structures such as reefs, par�cularly 
during their laying, is an important factor.

Ÿ The geology and geomorphology of the inshore 
seabed between the low-water mark and at least 
100 m beyond the outer bar, or to a point that 
incorporates features that may be affected by 
waves, �des and sediment transport.

Ÿ The nature of the inshore wave and current 
regimen over differing periods/seasons.

Ÿ Iden�fica�on of the presence or absence of 
inshore habitats and issues of biological diversity.

Ÿ The presence and nature of inshore habitats. These should be 
mapped to inform the alignment of the cable. 

Ÿ Social amenity aspects of the shoreline. For example, what 
impacts would arise with regular beach nourishment or beach 
grooming? 

Other key issues
Ÿ Avoidance of topographical features such as rocky promontories, 

earth cliffs, estuary mouths and other elements. 

Ÿ Avoidance of inshore submerged features, such as rocks or coral 
reefs. The laying of a cable will require that it is suitably anchored 
to the floor or is not moved by currents, nor is at risk of snagging 
by anchors. Uncovering of the cable over such habitats will 
expose it to damage, while the habitat itself will be transformed 
on account of the presence of the cable. It is worth no�ng that 

Ÿ Evalua�on of the beach and inter�dal zone to ensure that these 
areas have sufficient depth of sediment so that the cable is not 
exposed during seasonal “rota�on” of the beach or strong wave 
ac�on and scour.

4.13 Telecommunication and submarine power cables
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Figure 38. Cable landing across beach and features to consider.
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Ÿ At landing points, construc�on and laying of cables will 
temporarily affect the recrea�onal use of the beach. Long-term 
use may be affected by, in par�cular, electrical cables. 

Ÿ Habitats such as reefs and exposed submarine features may also 
be subject to factors such as electrical magne�c fields (EMF) 
emana�ng from the cable - in par�cular, electrical power cables. 
While the influence or effect of EMF on habitats is uncertain, it is 
known that many marine species are affected by EMF. Whale 
entanglements with cables have been recorded interna�onally 
and the influence of EMF on sharks is well known. 

such features may only be exposed intermi�ently.

Ÿ In KZN, an applica�on for a seashore lease must be lodged with 
the provincial authority. 

Ÿ Cable landing points should be placed well beyond the frontal 
dune cordon and any associated slack should preferably be 
posi�oned within the secondary dune.

Photo: Paul Bevis

Laying of a telecommunication cable in aManzimtoti
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The abstrac�on of this resource can, however, have 
significant impacts on coastal environments, where 
over-abstrac�on or removing more freshwater than 
is available for recharge from the surrounding 
terrestrial environments causes saline intrusion into 
the groundwater. This can lead to the contamina�on 
of the water resource, as well as profound changes 
in the coastal ecology. For example, low-lying areas 
can become inundated with saltwater affec�ng 
plant life, including algal and microbial mats and 

other coastal freshwater features, but also mesofauna which are 
part of the broader ecology of the coastline. 

In addi�on to surface flows, the coast also acts as the interface 
between groundwater and the sea. Under most dunes and beaches, 
groundwater reaches close to the surface where it interfaces with a 
lens of saltwater that projects from the sea below the beach and 
dunes (Figure 9). 3

The over-abstrac�on of freshwater is difficult to address. While 
abstracted water may remain fresh, changing factors such as sea 
level, clima�c condi�ons such as drought and indeed changes in land 
use within the broader catchment all act, either in unison or 
independently, on the freshwater lens along the coast. In addi�on, 
while a single point of abstrac�on may be rela�vely simple to 
monitor and manage, mul�ple abstrac�on points may prove 
impossible to monitor and control. 

Ÿ Roo�op harves�ng of water should be prac�ced as a means of 
augmen�ng water supply.

Ÿ Planning of developments in and around coastlines should be 
subject to hydropedological assessments and an understanding 
of the impact that may arise on the coastal aquifer.

Coastal aquifers o�en hold significant amounts of water that has 
percolated through the water table and accumulates within suitable 
geologies in and around the beach. Groundwater in the coastal 
aquifer and at the seawater interface accumulates at a point that is, 

because of the hydraulic head of water in the coastal 
aquifer, more or less in a steady state. This state may 
however change over �me according to various 
factors including droughts, sea levels and storm 
events. 

In addi�on, these freshwater coastal aquifers are 
o�en posi�oned close to the surface and are 
therefore easily accessible for abstrac�on. Such 
aquifers can provide high yields of good quality water 
which is o�en tapped by municipali�es and water 
service providers for both potable water or use in 
irriga�on and industry.

Considera�ons to managing coastal aquifers

Ÿ Percola�on of stormwater into the ground is preferable to its 
disposal into stormwater infrastructure, which discharges 
directly into the sea or rivers.

Ÿ Avoidance of groundwater abstrac�on in or close to the 
shoreline. 

Ÿ Small coastal catchments are prone to rapid change in freshwater 
recharge and therefore broad changes in land use should take 
into considera�on the effect upon groundwater recharge.

Ÿ Strict monitoring of groundwater abstrac�on should be 
implemented, where this is undertaken.

The coast is not only the interface between the land and the sea, but 
freshwater and saltwater. Surface waters are channelled through 
streams and rivers to the sea and these two differing environments 
meet in estuaries to create unique and dynamic habitats that serve 
not only aqua�c life, but also act as refugia and habitat for terrestrial 
birds and animals. Many species of plants and animals have evolved 
unique adapta�ons to life in these environments, allowing them to 
remain within or move from salt-immersed environments into 
freshwater environments and vice versa.

4.14  Water abstraction

Figure 39. Interface between saline marine waters and freshwater 
aquifers. 

sea

desalina�on plant

reservoir

water table

saline waters intrude into 
freshwater aquifer

abstrac�on of water from aquifer

saline wedgefreshwater aquifer

reservoir

87



Ÿ The discharge plume emana�ng from a desalina�on plant o�en 
contains a brine solu�on that has a much higher salinity than   
~35 ppt, which is associated with sea water. As a consequence, in 
and around the discharge plume, many marine lifeforms may be 
affected and only the most robust of species will be able to 
tolerate these increased salini�es. Other factors that may affect 
the water quality and marine ecology in and around the 

Ÿ This relates to the founding of intake and ou�all pipes, as well as 
the impact of differing water quality in the discharge plume. 

Considera�on of the offshore environment 

Ÿ A�er the establishment of a pipeline and suppor�ng structures, 
these are likely to act as a substrate for sessile organisms. 
Depending upon the nature of the seabed at this point, the 
structures may be considered an anomaly within the prevailing 
habitat.

Ÿ The use of high energy wave environments for discharge of brine 
is recommended. This would require an understanding of the 
inshore wave regime, as well as associated inshore and offshore 
currents.

Ÿ Pumping sta�ons should be set back, landward of the sand 
sharing system.

Planning a desalina�on plant

Although South Africa is a water deficient country, 
KZN receives adequate rainfall on a seasonal basis. 
However, as the effects of climate change begin to 
manifest, rainfall is becoming more variable and 
drought condi�ons are becoming a common 
feature on a seasonal and inter-annual basis. Add to 
this a growing coastal popula�on and the demand 
for potable water is exceeding supply in urban areas 
along the coast. One solu�on u�lised in most 
water-scarce countries is that of desalina�on.

Desalina�on is the abstrac�on of salts and other 
materials from a water resource, most commonly 
the sea, whereby membrane technology is u�lised 
to reverse the osmo�c process and drive water out 
of a solu�on, leaving behind a brine. The process is 
generally energy-hungry, which counts against this 
form of water supply from a climate change 
perspec�ve, although technological strides are 
being made in the reduc�on of energy demand. 

While the engineering design of desalina�on plants 
will differ from project to project, the raw water is 
o�en drawn from one of three loca�ons, namely 
offshore, within the inter�dal zone or from within 
the beach (Figures 40, 41 and 42). These three 
points of abstrac�on all have differing advantages 
in terms of the engineering and quality of raw water 
received at the plant, as well as differing costs. 

including its removal and discharge to waste landfill sites or 
dilu�on prior to discharge into the marine environment.

Ÿ A diffuser should be a�ached to the discharge pipeline.

Ÿ Intake points should be suitably secured to reduce the intake of 
larger marine life forms.

Figure 40. Desalina�on plant with offshore intake and discharge points.
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Ÿ The plant should preferably be located in urban  
areas or where a high degree of coastal 
manipula�on has arisen.

Ÿ The engineering aspects of the plant should 
include considera�on of means of mi�ga�ng the 
discharge of brine into the marine environment, 

Ÿ A sound understanding of the prevailing marine 
environment must be undertaken. This 
inventory should include the mapping of 
features within at least 1000 m of the marine 
ou�all, including exis�ng effluent discharge 
points.



Ÿ Other offshore recrea�onal uses may be affected by intake and 
discharge pipelines, including fishing, diving and related 
ac�vi�es.

discharge plume include temperature and the presence of other 
trace chemicals. Anomalies in water chemistry have been 
recorded up to 600 m from plant discharge points and this will 
alter the ecology within these areas, for both sessile and at �mes 
vagile animals.

Other key issues 
Ÿ Structures, par�cularly between the offshore bar and the frontal 

dune environment will alter dynamics and processes within the 
sand sharing system, either in the construc�on stage or as a 
consequence of the opera�ons of the plant. 

Ÿ Reverse osmosis plants generally occupy large areas and require 
extensive support infrastructure, including pumping facili�es, 
roads and electrical installa�ons. Plants, by necessity, have to be 
established proximal to the coast. It follows that the si�ng of 
plants is important and will be determined by factors such as 
“demand-side economics” or proximity to the customer base, 
the topography of the land and access to the seashore for 
pipeline establishment.

Ÿ Desalina�on plants may require that certain areas are subject to 
restricted access. In some cases, this may necessitate that 
por�ons of the beach are not open to the public. The implica�ons 
of such restric�ons should be considered at the planning stages.
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Figure 41. Desalina�on plant with �dal-fed raw water intake pool.
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Figure 42. Desalina�on plant with beach well.
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The erosion of minerals from the land means that ul�mately these 
end up being deposited on the seabed, o�en in great quan��es. In 
addi�on, valuable minerals are becoming more difficult to access in 
the terrestrial environment because of the need to mine deeper and 
in more difficult terrain, and because of social, legal and 
environmental factors that hinder or prevent the exploita�on of 
land-based minerals. As a consequence, the mining of minerals from 
the seabed is likely to become a more common ac�vity.

Shallow water mining, although probably taking 
place beyond the breaker zone and at distances (in 
KZN) of greater than 400 m from the shore, has the 
poten�al to significantly affect coastlines, both 
within the marine, inter�dal and perhaps supra�dal 
environments. These impacts are both physical and 
biological in nature. Prime amongst concerns is that 
li�le is known about the biological habitats that lie at 
depth along the KZN coast. 

At depths of -30 m, a low energy environment is 
encountered on the sea floor, far different to those 
that are affected by the relentless movement of 
waves, where the largest waves are probably just 
able to affect the seabed in or around the -30 m to -
45 m bathymetric contour. At these depths and 
beyond, life has adapted to a low energy input, with a 
constant rain of material derived from the neri�c and 
pho�c zones. The species encountered here have 
adapted to high pressure and li�le or no light, with 
some possibly unknown to science. Mining at these 
depths introduces more energy into these unique 
ecosystems and as such, change is inevitable. 
Disturbance of fine sediments creates plumes of 
sands which smother sessile species and affects or 

changes the behaviour of species within the ecosystem, leading to 
long-term change and the ous�ng of species. 

Key considera�ons (Figure 43)
Ÿ At what depth is the mining to be undertaken? An understanding 

of the affected por�ons of seabed will allow for a general 
forecas�ng of the impacts that may be manifest in the coastal 
zone.

Ÿ What are the prevailing currents associated with the mining area 
and how do they align in rela�on to the coastline? As sediments 
may travel for kilometres before se�ling, seabed mining may 
have a distant and ini�ally latent impact on coastal sediment 
transport processes and inshore water quality.

Ÿ The nature of the seabed to be mined (sediment and topography) 
must be well understood prior to mining. The presence of 
features such as caves and pinnacles are an important habitat for 
marine species.

Ÿ Habitat and ecosystem func�on in the coastal zone may be 
affected by seabed mining. Demersal fish resident on deep, 
offshore reefs may also u�lise nearshore, inter�dal or estuarine 
environments for some por�ons of their lifecycle (e.g. River 
snapper - Lutjanus argen�maculatus). Such lifecycles may be 
interrupted by changes in the seabed. Futhermore, seashore 
birds reliant on offshore fish popula�ons may be affected by 
water quality issues or the outward migra�on of their prey to 
calmer waters.

Deep sea mining and shallow water mining
Two types of seabed mining have been iden�fied, namely deep sea 
mining (DSM) and shallow water mining (SWM). These are 
designated by the depth at which the ac�vity takes place, with 
DSM being considered to arise at depths greater than -500 m 
(although this is an arbitrary assignment of depth as -200m is 
o�en considered to be deep water, due to the absence of light). At 
these depths, the mining ac�vity is likely to be taking place outside 
of the Exclusive Economic Zone of the country. Such mining 
opera�ons are controlled by the Interna�onal Seabed Authority. 

4.16  Seabed mining 

Figure 43. Possible biophysical changes along the coastline as a 
consequence of seabed mining.
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Ÿ an offshore cage system which may lie some 
distance from the shoreline.

In most instances aquaculturists choose a product 
that is rela�vely easy to manage and grow in a 
confined space. Usually animals (or plants) that are 
social or capable of living in crowded condi�ons are 
required in order to limit the requirement for space. 
Species with a complicated life cycle are risky 
ventures. 

Ÿ Farmed fish, primarily on account of the high density under 
which they are reared, are repositories and vectors of diseases 
which can spread to other popula�ons in the natural 
environment.

Ÿ a sequestered por�on of coastline or estuary 
which is driven by �dal movement; or

Ÿ The construc�on of nearshore, inter�dal and onshore 
aquaculture projects have the poten�al to alter wave, sediment 
and ecological processes associated with the structure and 
func�on of the coastline.

Ÿ Farmed species, par�cularly finfish, generate high nutrient loads 
within their ponds and cages, with such nutrients arising from 
fish feed as well as excrement. The high nutrient loads can lead to 
eutrophica�on of natural environments.

Ÿ Where aquaculture facili�es are situated in open ocean or 
coastal environments, factors such as sediment transport 
processes, currents and wave dynamics will determine the 
viability of the project as well as its impact on shorelines.

Mariculture is a branch of aquaculture and these are two terms used 
to describe the produc�on of marine and freshwater species of 
plants and animals under ar�ficial means. The primary objec�ve of 
undertaking mariculture is to produce a marine resource in a safe 
environment which is (hopefully) a more commercially expedient 
means of produc�on. 

Ÿ Seashore birds and piscivores, such as o�ers, can be a�racted to 
aquaculture facili�es because of the evidently easily available 
food source. The feeding and general behaviour of such animal 
popula�ons are thus vulnerable to change due to the 
introduc�on of an aquaculture facility or may become a nuisance 
factor to operators of such facili�es.

Ÿ a land-based/terrestrial facility comprising of 
ponds and reservoirs (tank farming and 
“raceways”);

Ÿ Areas of high ecological value, both onshore and offshore, should 
be avoided.

Depending upon the species involved, the 
aquaculture infrastructure can be one of the 
following (Figure 44):

In the rearing of some species, more than one of the above methods 
may be u�lised to cater for differing stages of the lifecycle.

Aquaculture ventures are purported to have the 
poten�al to improve the availability of a marine 
resource that  may generally be under pressure from 
overharves�ng or other environmental factors in the 
wild. In addi�on, the economic benefits include the 
provision of employment and contribu�ons to the 
broader economy of the region. 

While the concept of rearing marine species to alleviate pressures 
on wild stocks may be considered to be an important environmental 
benefit emana�ng from mariculture, a number of nega�ve 
externali�es arise from such projects and these can be summarised 
as follows:

Other issues to consider 

Ÿ Social and economic issues should be considered in the selec�on 
of points for the establishment of aquaculture projects, including 

KZN is a variable, high energy coastline and as such is 
not conducive to mariculture or aquaculture 
programmes, with a few excep�ons. While the 
technology associated with aquaculture is always 
advancing, most aquaculture ini�a�ves along the 
coast are likely to cater for finfish, crustaceans such 
as crabs and prawns, shellfish such as mussels and 
seaweed or algae. Some niche products have also 
been considered in the past, such as corals for the 
aquarium trade. 

Ÿ Some farmed species of fish are gene�cally different from their 
wild counterparts. The escape of fish or even spawn into the 
natural marine environment can lead to the sullying of the 
gene�cs within wild popula�ons. 

Ÿ In a bid to address disease within aquaculture facili�es, 
probio�cs and other chemicals are u�lised. If entering the natural 
environment, these chemicals can disrupt physiological and 
ecological processes.

4.17  Aquaculture 
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modified stock
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changes in behaviour of seabird popula�ons on account 
of increased levels of fish stocks

Ÿ The management of the aquaculture facility is perhaps of greater 
environmental concern than its construc�on. A sound 
management system should be implemented at all �mes. O�en 
these facili�es change their product according to market demand 
or diversify by introducing addi�onal products. The management 

system employed must therefore cater for each species in 
produc�on within the opera�on in order to ensure that viable 
living material does not escape from the facility. 

Ÿ Indigenous and preferably endemic species should be u�lised, 
wherever possible.

Ÿ Monitoring of the proximal coastline must form part of the 
management system. Monitoring methods will have to be 
determined according to the species under produc�on.

issues such as shipping lanes and hazards to transport.
Ÿ Onshore systems should employ recircula�on systems to avoid 

the necessity to dispose of water from the facility into the natural 
environment.

Ÿ Sani�sa�on of discharge waters should be employed (e.g. 
macera�on and ultraviolet light systems) in ensuring that no 
living �ssue is discharged from the facility. The use of probio�cs 
and fungicides should be undertaken in isolated and closed 
systems.

Figure 44. Three forms of aquaculture facili�es and their likely impacts. 
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As a coastal province with a high influx of seasonal and regular beach 
visitors, lifesaving is an important func�on on many beaches, 
keeping users safe under what can be very dangerous situa�ons. 
Many local municipali�es have ensured that their recrea�onal 
beaches support lifesaving prac�ces through the establishment of 
infrastructure at designated and guarded swimming beaches. 

Figure 45 shows a preferred arrangement for a 
patrolled and guarded bathing area that does not 
compromise coastal processes. A typical beach can 
be divided into three sec�ons, namely the 
shoreline, the back beach and an area landward of 
the dune cordon. All facili�es between the shoreline 
and back beach should be temporary in nature and 
able to be quickly relocated to accommodate 
shi�ing beach profiles, �des and other factors. Cra� 
such as rubber ducks and jet skis that are used for 
day-to-day patrols and rescue ac�vi�es can be 
posi�oned on the beach and covered with tarpaulin 
or even collapsible awnings to provide shade, and 
ensure that damage from extreme heat and sunlight 
is minimised. All cra� and most other equipment 

should be removed from the beach environment at the closure of 
bathing and returned the following day. Large observa�on towers, 
preferably constructed from wood, may be relocated to points at the 
upper extent of the back beach.

Most lifesaving facili�es tend to place their 
opera�onal rooms and clubhouses as close to the 
shoreline as possible. This may be acceptable where 
the prevailing topography and geology allow for such 
structures, but in most coastal areas, lifesaving 
structures should be set back from the beach.

The general approach to lifesaving is to place support and 
emergency facili�es as close to the shoreline as possible. This 
approach has obvious advantages. However, like launch sites, 
lifesaving and beach safety infrastructure tends to grow 

“organically”, without sound considera�on being 
given to factors such as the extent of the sand 
sharing system, beach erosion and accre�on cycles.

Lifesaving clubs, local authori�es and emergency 
services that are involved in surf rescue opera�ons 
should therefore consider the posi�oning, nature 
and form of lifesaving facili�es on any given beach, 
without compromising the ability to rapidly 
undertake a rescue mission. 

Lifesaving facility in Richards Bay - a significant erosion event 
resulted in the need to defend the structure: (a) before and (b) after

Photos: Omar Parak 

(a)

(b)

4.18  Lifesaving and beach safety 

Figure 45. Arrangement of lifesaving facili�es on a typical KZN swimming 
beach.
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Rehabilita�on ecology is a new and some�mes controversial branch 
of ecological science that has arisen as natural habitats disappear 

around the globe. As human ac�vi�es expand, 
natural environments are transformed to make way 
for se�lements or placed under increasing pressure 
on account of abstrac�on and u�lisa�on of 
resources. 

The concept of rehabilita�ng environments is 
proposed as a means of addressing such losses, or 
alterna�vely, allowing for the desired land use or 
ac�vity to ensue with a promise of “rehabilita�on” 
a�er the resource has been abstracted or u�lised. 
Other permuta�ons of this approach include 
rehabilita�ng degraded lands to “offset” losses that 
may arise elsewhere.

It is common cause that when dunes are subject to 
changes, perhaps through wave-driven erosion, the 
immediate response of authori�es and the public is 
to plant these areas back to a state akin to that prior 
to the erosion event. However, for the most part, the 
context under which the erosion has arisen, and the 
complexi�es and unique dynamism of the coastal 
zone are ignored.  Such erosion marks an 
ecomorphological shi� in response to some or other 
perturba�on within the marine environment or sand 
sharing system. In addi�on, such shi� is normally at a 
scale that is well beyond the extent of the affected 
por�on of coastline where such erosion took place. 

Key considera�ons

Once the need to implement a dune rehabilita�on project or 
programme has been iden�fied and agreed, a sound rehabilita�on 
plan should be formulated that receives the approval of coastal 
authori�es. 

Ÿ What is the nature of the sediment on the beach? Sand is the 

Ÿ Consider the inshore marine and inter�dal environments. 
Standing rip currents, the posi�on of the offshore bar, inshore 
reefs and other features are all indicators of the nature of the 
dune cordon in that area. Use the presence of these features to 
consider whether there is a likelihood of ephemeral dunes 
forming, or perhaps linear dunes with a long back beach. These 
factors will determine where and how to rehabilitate the dune.

Ÿ What are the prevailing winds? Wind strength and direc�on are 
the primary dune-building factors. With an understanding of the 
dominant winds, the placement and posi�oning of stabilising 
agents such as hay bales or geobags may be determined. Wind 
veloci�es or speeds will inform on the structure of the 
an�cipated dune, par�cularly when read in conjunc�on with 
beach width, sediment grain size and beach profile.

Rehabilita�on planning (Figure 46)

Ÿ Review the highest levels of storm inunda�on. Dune 
rehabilita�on should not strive to reclaim beach. It is also both 
costly and wasteful to move rehabilita�on efforts onto what 
should be retained as “back beach”. 

Ÿ Iden�fy areas of dune erosion and sediment deposi�on. These 
areas will mark the extents of coastal cells or may be the result of 
natural or man-made perturba�ons in the sand sharing system. It 
is important to take cognisance of these features and a�empt to 
understand the origin of, in par�cular, erosion. Naturally 
occurring erosion points should in general not be subject to 
rehabilita�on measures.

Ÿ What ecological benefits will  arise from the dune 
rehabilita�on measures?

Ÿ Under what circumstances did dune rehabilita�on become 
warranted at this point?

Ÿ How will stabilising the sand sharing system at this point affect 
the beach and dune environments and perhaps other points 
alongshore, inland or within the sand sharing system?

Key ques�ons
Ÿ What benefits will arise at a socio-economic or social level with 

the proposed rehabilita�on measures?

4.19  Dune rehabilitation and management

Ÿ Areas where ar�ficial dune systems are 
implemented as a means of sea defence. In this 
situa�on, such rehabilita�on is effec�vely an 
informed “hor�cultural exercise”.

Ÿ Areas where structures have been removed to 
accommodate coastal erosion.

Ÿ Areas where strategic projects must be 
implemented along the coast and the outcomes 
of such projects are detrimental to the 
ecomorphology of the coastline.

Ÿ Areas where dunes have been deliberately 
removed for human ac�vi�es.

Dune rehabilita�on should be limited to: 
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Ÿ Iden�fy subsurface and surface water bodies. The availability of 
freshwater for frontal dune vegeta�on is important in 
maintaining such habitats. A sound rehabilita�on plan should 
iden�fy proximal, and where possible, subsurface hydrological 
pathways that may be associated with dune systems. 

primary material to be u�lised in the construc�on of dunes and 
as such the nature of the dune will be determined, in part, by the 
nature of the sediment within the sand sharing system. Grain size 
is an important considera�on as this will determine factors as to 
how far landward sand will be transported by wind, or the angle 
of repose of the dune. The porosity of the dune will also be 
determined by grain size, which in turn will affect the survival of 
plants on the dune.

Ÿ A number of other social aspects should be thoroughly 
inves�gated and addressed in the rehabilita�on planning. Such 
issues may include visual aspects. If a dune structure is to be 
created, where none exists, beachfront property owners may 
disapprove of the deleterious effects that such a dune may have 
on sea views and property values. The issue of personal safety for 
beachgoers can become a concern where vegeta�on is 
established on more isolated stretches of beach and where 
criminal elements may find refuge.

Ÿ Avoid dune features associated with wind anomalies. Most dune 
systems are “self-healing” over �me (which is why dune 
rehabilita�on should be undertaken on a minimalist basis). 
Features such as parabolic dunes or dune fields should not 
ordinarily be subject to stabilisa�on and rehabilita�on. 

Ÿ The number of beach visitors is an important considera�on in any 
rehabilita�on plan. Beaches within urban areas experience high 
numbers of visitors, o�en only at certain �mes of the year. Under 
such circumstances, disturbance to beach habitat is o�en 
inevitable and as beach recrea�onal carrying capaci�es are 
exceeded, beach visitors tend to move into areas of dune that are 
normally not subject to foot traffic. Other factors such as heat 
and wind may also drive visitors to seek shelter amidst vegetated 
areas within a dune. 

Geofabric material used in a “greening” exercise to 
establish dune vegetation over defence structures

Photo: Simon Bundy

b
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Species and plant selec�on

Ÿ It is useful to mix seed, saplings and juvenile specimens. The 
mixing creates an associa�on of plants of various levels of 
maturity and promotes diversity.

Ÿ The species selected should be endemic to the region. Some care 
must therefore be taken in the selec�on of plants. It is useful to 
discern between certain species such as Carpobrotus spp. where 
the use of the KZN endemic C. dimidiatus should be made, rather 
than C. edulis, which is endemic to the Eastern and Southern 
Cape regions. Both are available at nurseries. Some exo�c species 
are also u�lised in dune rehabilita�on projects (more for 
stabilisa�on) and these should not be u�lised under most 
circumstances.

Ÿ A mix of appropriate plan�ngs of zone 1 species should be 
undertaken. Consider use of graminoid species (the typical dune 
grass in KZN is Sporobolus virginicus; however, commercially 
available species such as Digitaria eriantha may be considered). 
Mix this with lianas or creepers (Canavalia rosea or Ipomoea pes-
caprae), as well as some cover-tolerant shrub species such as 
Scaevola plumieri or Carpobrotus dimidiatus. 

Ÿ By observing the proximal and most dominant vegeta�on along 
neighbouring dunes, an appropriate plant pale�e can be 
compiled and implemented. Use of plant species that are not 
aligned to the prevailing vegeta�on forms is likely to result in 
wasted efforts and budgets.

Ÿ Young plants should be selected. While many may become 
senescent or die at ini�al stages in the rehabilita�on, by varying 
features such as stra�fica�on of vegeta�on, the desired species is 
allowed to dominate at selected points, over �me. More mature 

plants do not generally adapt well to being relocated into dune 
environments.

urban se�ng

plant predominantly 
zone 1 species

erosion of dunes 
or regular and 

extensive scarps

HWM/highest 
point of wave inunda�on

offshore bar and rip currents

beach sediment grain size

dune form (e.g. parabolic) indicates 
form and structure of rehabilita�on 

methods to be employed

consider wind 
direc�on & velocity

hydrological factors 
(wet dune slack)

prevailing natural
dune vegeta�on (indicator 

for appropriate species 
composi�on and structure)

leeward habitat  

stabilising materials (hay bales)

Figure 46. Specific factors to consider in the planning and implementa�on of dune rehabilita�on projects.
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Management

Plan�ng 
Large scale dune rehabilita�on projects provide the best results if 
plan�ng commences in the autumn to winter period, where heat 
stress and the desicca�on of new plan�ngs is reduced. Strong winds 
may arise from �me to �me, but the extreme condi�ons of summer 
are generally avoided at this �me.

Plan�ng is best achieved by using a mix of compost and a 
hydrophyllic gel (Aqua Matrix). The compost should be fine and well 
matured. The hydro-gel absorbs water which is maintained in and 
around the root system of the plant for up to six months. This 
ensures a reliable water supply is on hand for the newly established 
plant.

Nitrogen and phosphate fer�lisers may assist with plant growth and 
development. However, it should be noted that too much nitrogen 
o�en leads to a weedy, “spindly” growth amongst dune plants. The 
applica�on of fer�liser should therefore be done prudently.

It may also be required that plants are replaced from �me to �me. 
Before deciding on replacement, it is important to assess the likely 
reasons for the death of an individual planted specimen. Where this 
has arisen on account of engulfment by sand, or perhaps exposure to 
winds, considera�on should be given as to whether this should be 
accepted, or alterna�vely ac�ve replan�ng is required. Perhaps 
another species may be selected which may be more resilient to the 
elements. Remember, the object of the exercise is to work with the 
biophysical drivers along the coastline in order to achieve a long-
term, successional habitat. 

It is also wise to avoid the use of insec�cides unless damage appears 
to be severe. Insects are important components of dune habitats, 
being the primary pollinators in these areas and playing a key role in 
the ecology of coastal dunes. 

Perhaps the most difficult aspect of dune rehabilita�on is the control 
of the general public accessing the beach and dune environment. 
The trampling and destruc�on of vegeta�on is o�en the reason 
rehabilita�on has been undertaken in the first place and unless 
measures are ins�tuted to change peoples' behaviour or movement 
pa�erns in and around the rehabilita�on site, much of the effort 
invested in the rehabilita�on project will be in vain.

The management of the site is perhaps the most �me-consuming 
aspect of the rehabilita�on programme. Management will include 
regular watering and tending of plants. Watering should ini�ally be 
undertaken daily. This should become less frequent, with watering 
occurring every second day and over a few weeks, eventually 
ceasing. 

Signage and fencing are the first lines of control and these serve to 
prevent entry into restricted areas under rehabilita�on. However, 
the most significant concerns relate to the the� of fencing and in 
some cases the influence that fencing may have on certain factors, 
such as sand transport. Obstruc�ve elements such as fencing 
structures can act as “sand fences”, resul�ng in deposi�on of sands 
at points that are not generally catered for in the normal sediment 
transport regime. Other measures may be to allow for general 
access pathways through the site and engage in public informa�on 
methods to advise local residents of the benefits associated with the 
dune rehabilita�on programme. The rehabilita�on plan should 
include some insight into how to manage pedestrian traffic in and 
around the site.

Occasional pruning of plants and moribund material may be 
undertaken; however, the generally scandent nature of frontal dune 
vegeta�on o�en sees moribund material forming a scaffold for  
lianas to u�lise. 

The outcomes of a dune rehabilita�on programme are mostly very 
specific and need not necessarily have an ecological objec�ve. 
However, if undertaken successfully, dune rehabilita�on measures 
can be of both ecological and socio-economic benefit. 

Photo: Kierran Allen

b

97





Bibliography 5

Stormwater extension project along the Durban promenade 
Photo: Kierran Allen



Arumugam, N., Shreeshivadasam, C., Kamyab, H., Thiur, S., 
Othman, N. and Nasri, N.S. 2018. Treatment of Wastewater using 
Seaweed: A Review. Interna�onal Journal of Environmental 
Research and Public Health, 15(12): 2851.

Ayalon, I., de Barros Marangoni, L.F., Benichou, J.I.C., Avisar, D. and 
Levy, O. 2019. Red Sea corals under Ar�ficial Light Pollu�on at 
Night (ALAN) undergo oxida�ve stress and photosynthe�c 
impairment. Global Change Biology, 25(12): 4194-4207. 

Fourie, S. and Johnson, D. 2017. The Wave Power Poten�al of 
South Africa. Power-Gen Africa Conference. 1(1): 2-21.

Council for the Environment. 1991. A Policy for Coastal Zone 
Management in the Republic of South Africa: Guidelines for 
Coastal Land Use (Part 2). Council for the Environment, Pretoria, 
95 pp.

Daileda, C. 2019. Life's too salty for these shorebirds. Hakai 
Magazine. Available at:  [Accessed 3 www.hakaimagazine.com
September 2020].

Cirino, E. 2017. Sewage Rehab. Hakai Magazine. Available at: 

Coastal Council. 2003. Coastal Design Guidelines for New South 
Wales. Sydney, 96 pp.

www.hakaimagazine.com [Accessed 21 May 2020].

Department of Energy. 2016. Integrated Energy Plan. Gaze�ed in 
terms of the Na�onal Energy Act (No. 34 of 2008). Available at: 
www.energy.gov.za [Accessed 3 September 2020].

Diab, R.D. 1995. Wind Atlas of South Africa. Department of 
Mineral and Energy Affairs, Pretoria. Available at: 
www.wasaproject.info [Accessed 3 September 2020].

Celliers, L. 2002. Best prac�ces: boardwalk design and 
construc�on. ORI Technical Report, Oceanographic Research 
Ins�tute, Durban. No. 2002/1: 7pp.

Bindhra, S.P. (n.d.). Railways, airports and harbour engineering: A 
Course in Docks and Harbour Engineering. VSA Educa�onal and 
Charitable Trust's Group of Ins�tu�ons, Department of Civil 
Engineering. Available at:  [Accessed 12 July 2020].www.dphu.org

Heinecken, T. and Badenhorst, P. 1999. Coastcare Prac�cal Guide 
for Coastal Development and Management in South Africa – 
Final Dra� Version 2. Department of Environmental Affairs, Cape 
Town, 261 pp.

Breen, C.M. and McKenzie, M. (eds). 2001. Managing Estuaries in 
South Africa: An Introduc�on. Ins�tute of Natural Resources. 
Pietermaritzburg, 66 pp. Folke, C.N., Kautsky, N. and Troell, M. 1994. The Costs of 

Eutrophica�on from Salmon Farming: Implica�ons for Policy. 
Journal of Environmental Management, 40(2): 173-182. 

Corbella, S.S. and Stretch, D.D. 2012. The wave climate on the 
KwaZulu-Natal coast of South Africa.  Journal of the South African 
Ins�tu�on of Civil Engineering, 54(2): 45-54.

 
CoastKZN. Available at:  [Accessed 30 October www.coastkzn.co.za
2020].

FitzGerald, D.M., Fenster, M.S., Argow, B.A. and Buynevich, I.V. 
2008. Coastal Impacts due to Sea-Level Rise. Annual Review of 
Earth and Planetary Sciences, 36(1): 2-60.

Department of Environment and Energy, Australia. 2020. Na�onal 
Light Pollu�on Guidelines for Wildlife including Marine Turtles, 
Seabirds and Migratory Shorebirds. Available at: 
www.environment.gov.au [Accessed 3 September 2020].

Government of Jamaica. 2017. Coastal Management and Beach 
Restora�on Guidelines. Government of Jamaica, 303 pp.

Griggs, G. and Patsch, K.L. 2018. Natural changes and human 
impacts on the sand budgets and beach widths of the Zuma and 
Santa Monica cells, Southern California. , 86(1): Shore and Beach
1-14.

Hansom, J.D., Lees, G., MacGlashen, D.J and John, S. 2004. 
Shoreline management plans and coastal cells in Scotland. Coastal 
Management, 32(3): 227-242.

Heiss, J. and Michael, H.A. 2014. Saltwater-freshwater mixing 
dynamics in a sandy beach aquifer over �dal, spring-neap and 
seasonal cycles. Water Resources Research, 50(8): 6747-6766.

100



Inman, D.L. and Frautschy, J.D. 1965. Li�oral processes and the 
development of shorelines. American Society of Civil Engineers, 
1(1): 511-536.

Johnson-Groh, M. 2017. Bloom and Bust: Algal blooms hit the 
housing market. Hakai Magazine. Available at: 
www.hakaimagazine.com  [Accessed 4 October 2020].

Keim, B. 2019. Light pollu�on could cause problems for coral reefs. 
Anthropocene. Available at: 
www.anthropocenemagazine.org/2019/10 
[Accessed 4 October 2020].

MacKay, C.F. 2014. Estuaries. In Goble, B.J., van der Elst, R.P. and 
Oellermann, L.K. (eds) 2014. Ugu Lwethu – Our Coast. A profile of 
coastal KwaZulu-Natal. KwaZulu-Natal Department of Agriculture 
and Environmental Affairs and the Oceanographic Research 
Ins�tute, Cedara, 33-36.

North Ayrshire Council (n.d.). Coastal Design Guidance. 68 pp. 
Available at: www.north-ayrshire.gov.uk [Accessed 22 January 
2020]. 

Nedele, S.L., Mills, S.C., Lecchini, D., Nedele, B., Simpson, S.D. and 
Radford, A.N. 2016. Repeated exposure to noise increases 
tolerance in a coral reef fish. Environmental Pollu�on, 216: 428-
436. 

Mar�nez, A.M. 2019. Integra�ng Biophysical Components in 
Coastal Engineering Prac�ces. Journal of Coastal Research, 1-5.

KZN EDTEA. 2019. KwaZulu-Natal Coastal Management 
Programme. KZN Department of Economic Development, Tourism 
and Environmental Affairs, Pietermaritzburg, 55 pp.

Mann, B.Q., Maggs, J., Khumalo, M.C., Khumalo, D., Parak, O., 
Wood, J. and Bachoo, S. 2014. The KwaZulu-Natal Boat Launch Site 
Monitoring System: A novel approach for improved management 
of small vessels in the coastal zone. Ocean and Coastal 
Management, 104: 57-64.

Mather, A.A. and Garland, G.G. 2009. Southern African sea levels: 
correc�ons, influences and trends. African Journal of Marine 
Science, 31(2): 145-156.

Sadeghi, K., Akbil, O. and Angin, M. 2018. General Guidance for 
Planning and Design of Harbors. Interna�onal Journal of Scien�fic 
and Research Publica�ons, 8(1): 2250-3153.

SEACAM. 1999. Guidelines for the Environmental Assessment of 
Coastal Tourism. SEACAM, Maputo, 197 pp.Mather, A.A. 2008. Coastal erosion and sea-level rise: Are 

municipali�es prepared? Journal of the Ins�tute of Municipal 
Engineering of Southern Africa, 49-70. 

Reeve, D., Chadwick, A. and Fleming, C. 2004. Coastal Engineering. 
3rd ed. New York: Spon Press. 

Mandela, N.R. 2011. Nelson Mandela by Himself: The authorised 
book of quota�ons. The Nelson Mandela Founda�on, 289 pp.

Komar, P.D. and Allan, C.J. 2008. Increasing hurricane-generated 
wave heights along the U.S. East Coast and their climate controls. 
Journal of Coastal Research, 24(2): 479-488.

McLachlan, A. and Brown, A.C. 2006. The Ecology of Sandy 
Shores. Academic Press, 2(1).

Lyness, N. and Hines, J. 2010. The Coastal Handbook: A guide for 
all those working on the coast. Environment Agency, 220 pp.

Na�onal Oceanographic and Atmospheric Administra�on. Sea-
level rise viewer. Available at: www.coast.noaa.gov/slr/

Petersen, K.L., Heck, N., Reguero, B.G., Po�s, D., Hovagimian, A. 
and Paytan, A. 2019. Biological and Physical Effects of Brine 
Discharge from the Carlsbad Desalina�on Plant and Implica�ons 
for Future Desalina�on Plant Construc�ons. Water, 11(2): 208.

Mentaschi, L., Michalis, I., Vousdoukas, J.P., Voukouvalas, E. and 
Feyen, L. 2018. Global long-term observa�ons of coastal erosion 
and accre�on. Available at: h�p://www.nature.com [Accessed 3 
September 2020]. 

[Accessed 12 August 2020].

Schlesinger, T. and Yossi, L. 2019. Breakdown in spawning 
synchrony: A silent threat to coral persistence. Science, 365 
(6457): 1002-1007.

Theron, A. and Rossouw, M. 2008. Analysis of poten�al coastal 
zone climate change impacts and possible response op�ons in 
the southern African region. 2nd CSIR Biennial Conference.

101



Trenhaile A.S. and V.C. Lakhan. 2003. Applica�ons in Coastal 
Modeling. Elsevier Science, Vol. 49.

Whi�ield, A., Bate, G.C., Adams J.B. and Wooldridge, J.P. 2012. A 
Review of the Ecology and Management of Temporarily 
Open/Closed Estuaries in South Africa, with par�cular emphasis 
on river flow and mouth state as primary drivers of these systems. 
African Journal of Marine Science. 34(2): 163-180.

Williams-Wynn, C. 2013. Prac�cal examples of the legal posi�on 
of the boundaries of estuaries and �dal rivers. SASGI 
Proceedings. Eastern Cape Department of Rural Development and 
Land Reform. 

 

 

Willemse, M. and Goble, B.J. 2017. Updated coastal access 
situa�onal analysis for KwaZulu-Natal: A support tool for local 
municipali�es. Oceanographic Research Ins�tute, 87 pp.

 

 

 

 

 

102





Postal address: Private Bag X9152, Pietermaritzburg, 3200, South Africa

Websites: | www.kznedtea.gov.za www.coastkzn.co.za

Produced by:

Sub-directorate: Coastal and Biodiversity Management
KwaZulu-Natal Department of Economic Development, Tourism and Environmental Affairs

Contact details: +27 33 264 2500 | info@kznedtea.gov.za


