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1. Introduction 

 
This coastal report concerns the building of 22 individual dwellings consistent with the approved 
subdivision plan for erf 5216, Beach Boulevard, Diaz Strand, Mossel Bay.  The locality is shown in the 
locality diagram, Figure 1, and the layout is shown as in the layout plan, Figure 2.  All Figures are shown 
in Appendix A.  The Appendices are contained in Volume 2 of this Report.  Twelve of the 22 units are sea 
fronting and it is necessary to investigate the coastal processes of Diaz Bay, Mossel Bay. 
 
It is also necessary to evaluate the effect of possible climate change, and the concomitant possibilities of 
rising sea levels, on the proposed development. 
 
The proposal for the report is attached as Appendix B and presents the basic requirements for this report.  
The report reviews: 
 

1. Previous coastal reports for the area. 
2. Investigates significant developments along the coastline that may affect the coastal system 

balance. 
3. Considers best practice for coastal setback lines. 
4. Reviews historical aerial photographs. 
5. Advises on means to mitigate the risk to the environment, the relevant authorities and the 

developers. 
 
  2. Historic Development Study 
 
A historic report by Entech(1997) considered the coastal impact of development on the same property. 
 
Entech (1997) reported on the development of a 60ha site around the proposed Pansy Villas which 
included erf 5216.  The proposed development included hotels, 1000 residential units, two coastal piers, a 
harbour, as well as a number of other features.  The actual development that followed included some of 
the features such as the hotel, but not the piers nor the harbour works.  The piers and the harbour works 
were not planned for coastal erosion or other protection works. 
 
The report concentrated on the near shore characteristics of the study area.  Issues discussed included 
general coastal features, near shore sediment transport and coastline stability, and measures to mitigate 
any negative impacts. 
 
An important issue raised is that Entech(1997) claims that the study area is an enclosed 1.2km wide 
‘halfmoon’ bay between two ‘rocky headlands’.  The justification for this is that there exists rocky 
extension from the coastline towards Seal Island to the immediate north of the study area.  To the south of 
the area is the start of the rocky banks leading towards Santos Beach alongside the harbour.  These are 
shown in Figure 3.  The area between the rocky outcrops is the 1.2km wide halfmoon bay.  According to 
Entech (1997), the closer together the two hard edges are to each other, the smaller the potential for long 
term erosion between the points.  Therefore, according to Entech(1997), there is limited erosive potential 
between the headlands. 
 
Entech(1997) also state that the site is protected from the dominant swell direction by Cape St. Blaize.  
These south west swells are refracted through 135° to reach the site from the south east.  Such large 
refraction limits the ultimate wave height that can be expected on-site.   
 
Entech(1997) describe a sediment sampling exercise in order to establish if there is any significant 
sediment movement along the beach.  The samples were collected at the Pansy River mouth, which is at 
the south of the Study Area, on the beach south central, on the beach north central, and at the Tweekuilen 
River mouth which is at the north of the study area. These features are also shown in Figure 3.  Table 1 
shows the sediment analysis at Diaz Beach. 
 



Table 1.  Sediment Analysis at Diaz Beach (after Entech (1997)). 
Location D10 D50 D90 
Pansy River 169 245 324 
South Central 177 255 353 
North Central 181 252 338 
Tweekuilen 175 248 338 
Sizes in micron 
D10, D50, D90 refer to the grain size diameter that is 
greater than 10, 50 or 90% of the whole sample by mass. 
 
Entech (1997) reported that the grain sizes are very constant over the whole site, indicating that there is no 
detectible sediment transport over the site, and that the grain size distribution does not indicate that there 
is a major new source of sediment to the site. 
 
Entech (1997) studied historical photographs of 1940, 1957, 1968, 1974, 1980, 1987, 1989, and 1991.  
Entech (1997), and states that the seaward boundary of the site is in a state of dynamic equilibrium.  
Entech (1997) state that the vegetation lines in the 1980’s are generally seawards of the pre-1980’s. 
 
According to the report the dunes have been impacted upon by human activity.   The report states 
furthermore that if an area of some 50m to 60m is available for a frontal dune system, it would be feasible 
to reshape the existing dunes and create a ‘naturally’ functioning dune system which would trap 
windblown sediment and provide a buffer against erosion and the damaging effect of windblown sand for 
the landward developments. 
 
To protect the landward developments from storm erosion from the sea, the Entech (1997) report states 
that a frontal buffer dune width of about 40m would appear to be adequate. 
 
The report includes a number of measures to protect the dunes against the effects of development.  Firstly, 
structures should be designed to deal with the effects of localized erosion.  Furthermore structures that 
intrude into the dynamic coastal zone must present a minimum impediment to sediment movement. 
 
Human access to the dunes should be controlled using boardwalks or similar so that the dunes will not be 
destabilized.  A host of other measures are recommended such as sand trapping fences, mulching materials, 
vegetation, irrigation and maintenance.  The natural angle of repose of dune sand is in the order of 30 
degrees, and 20 degrees is recommended for establishing and maintaining vegetation. 
 
Conclusions drawn from the Entech (1997) report include:  

- the Diaz beach consists of an embayment between two rocky edges with limited erosion potential.   
- The coastline is in a long term dynamic equilibrium. 
- the dune should be upgraded to create a 60m vegetated area from the high water mark.  
- the dune should be protected. 

 
3. Regional Oceanography 
 
According to Anchor Environmental (2010), the broader oceanography of the region is influenced by both 
the strong-flowing Agulhas current that moves down the east coast of South Africa, and localized 
oceanographic processes.  Although the Mossel Bay coast is influenced by the physic-chemical and 
biological status of the Agulhas current system, which is described in more detail below, the core of the 
current follows the continental shelf edge and local processes such as wind driven upwelling arguably play 
a larger role in the inshore zone. 
 
The Agulhas current forms part of the Indian Ocean Gyre, which brings warm water from the tropics to 
the east coast of South Africa, and moves at a speed of approximately 2.6m per second.  The Agulhas 
current hugs the continental shelf, moving close to the shore edge when the shelf is narrow but is deflected 
away from the coast as the shelf widens.  The continental shelf becomes progressively wider from Port St 



John’s in the Eastern Cape down to Agulhas bank in the Southern Cape.  The water carried by the Agulhas 
current cools as it moves southwards.  Cool Counter-currents also flow inshore of the Agulhas current in 
an easterly direction.  South of the southern African subcontinent, the Agulhas current turns back on itself 
and begins to flow eastwards until it once again joins the Indian Ocean Gyre as the Agulhas Return 
Current.  (Anchor Environmental, 2010). 
 
The wave climate of Mossel bay is dominated by the south and south-westerly swells generated by surface 
winds behind cold fronts moving from west to east.  The predominant west-south-westerly winds can 
reach very high speeds for extended periods, generating very large waves.  Refer to the wind rose in 
Figure 4.  The wave conditions are generally swell dominated with wave periods between 9 and 16 
seconds, but local winds occasionally produce seas with shorter (5-8 sec) wave periods (Mead et.al 
(2008)). 
 
4. Local Oceanography 
 
4.1 Tidal Data 
 
The South African coastline experiences semi-diurnal tides, with each successive high (and low) tide 
separated by approximately 12 hours.  Each high tide occurs approximately 25 minutes later each day, 
which is due to the 28-day rotational cycle of the moon around the earth.  Spring tides occur once a 
fortnight during full and new moons (Anchor Environmental (2011)). 
 
The tidal data for Mossel Bay is presented in the Table 2 below.  The land datum is used for describing 
elevations on land, whilst the chart datum is used for maritime applications.  Anchor Environmental (2011) 
state that periodic storm surges often result in water reaching substantially higher levels. 
 
Table 2.  Tidal Levels.  
Tide Chart Datum (m) Land Datum (m) 
Highest Astrological Tide 
Highest Astrological Tide of the Year 
Mean High Water Spring 
Mean High Water Neap 
Mean Level 
Mean Low Water Neap 
Mean Low Water Spring 
Lowest Astrological Tide of the Year  
Lowest Astrological Tide 

2.44m 
2.42m 
2.1m 
1.43m 
1.17m 
0.88m 
0.26m 
0.02m 
0.0m 

1.51m 
1.49m 
1.17m 
0.53m 
0.24m 
-0.05m 
0.67m 
-0.91m 
-0.933m 

 
4.2 Beach Types 
 
Mossel Bay is a ‘half-heart’ shape bay, which according to the Anchor Environmental (2010), is typical 
for the Western and Southern Cape coastline.  Mackie (2009) presents features of typical half heart bays in 
Figure 5.  In such bays the coastline varies from rocky outcrops to reflective beaches, to intermediate 
beaches, and to dissipative beaches. 
 
The type of beach often depends on the antecedent wave action and the movement of sand.  The reflective 
beach occurs after long periods of calm weather and low swells.  It is usual to find these beaches in 
protected waters such as pocket beaches in the lee of a headland.  This type of beaches is called a 
reflective beach because much of the incident wave energy is reflected back to sea.  It is in the upper 
limiting state of a process of accretion.  As such, it is unstable and particularly prone to erosion by 
increasing wave energy.  However, and very importantly, since it’s existence depends on a stable wave 
climate, the reflective beach often has a stable life (Mackie (2009)).  If a reflective beach is exposed to 
high energy, the water line will be scalloped at regular intervals to form continuous beach cusps.  Santos 
Beach, Mossel Bay, is a good example of a reflective beach. 
 



The dissipative beach is the storm beach.  It either occurs after very severe storms or on those beaches that 
are fully exposed to continuously high energy.  The bed profile is fairly flat with bars of sand out to sea.  
The waves break over the flat bars or relatively shallow sea beds and the energy is dissipated out at sea 
with the result that the shoreline is protected from the high energy waves out at sea.  Mackie (2009) shows 
that a dissipative beach typically has a bed slope of 1:100.  A good example of a fully dissipative beach is 
Muizenberg which receives the full thrust of south westerly swells in False Bay.  Rows and rows of waves 
can be seen breaking well out to sea.   
 
Should a reflective beach be eroded it becomes a ‘rhythmic’ or ‘intermediate’ beach.  The intermediate 
beach is unstable and responds to the wave energy of the moment.  Typically an intermediate beach 
washes sand out of the sea to form a partially developed dissipative beach.  This type of erosion is likely 
to happen (and heal) quite frequently every time there is an increase (or decrease) in wave energy.  The 
exchange of material is rapid:- erosion usually taken place in a matter of hours and accretion in days or at 
most a few weeks (Mackie (2009)).  Note that in times of low wave energy the intermediate beach will 
rapidly accrete back to the reflective profile. 
 
Figure 6 shows the bed slope seaward of the break line and the bed slope in the surf zone.  The waves tend 
to break from anywhere between the junctions of these slopes and the shore.  Mackie (2009) states that 
reflective beaches typically have bed slopes in the range of 1:80 to 1:50.  The surf zone typically has a 
slope of 1:8 to 1:5.  We refer to the bed slopes of Figure 6 which were taken slightly north (100m approx.) 
of the proposed Pansy Villas.  The bed slope is 1:35 and then 1:4 in the surf zone. 
 
The Diaz Beach at Pansy Villas appears to be a stable reflective beach.   
 
The Bathymetry of Mossel Bay is described in marine chart SAN 1020 (2004).  It is further represented in 
Figure 7 which shows a wide band of water depth below 14m in an easterly direction from the proposed 
Pansy Villas site.   
 
4.3 Currents 
 
The effect of the Agulhas current is not experienced within the Mossel Bay.  According to Anchor 
Environmental (2010), the water movement close to the Garden Route coast is for the most part wind 
driven.  Furthermore the currents are generally caused by the wind rather the tidal events.  
Current modelling of Mossel Bay was undertaken by Mead et.al (2008).  Figure 8a shows the stimulated 
eddy currents during south-westerly wind events.  Figure 8b shows the stimulated eddy currents during 
easterly winds.  Note that in both instances the water movements are from Hartenbos towards the corner 
of the Bay at the proposed Pansy Villas site.  Furthermore the current speeds are low.   
 
4.4 Waves 
 
Ocean waves approaching a shoreline such as Mossel Bay will be subject to refraction, shoaling, 
diffraction and breaking.  Refraction occurs when the waves approach sea bed contours at an angle and the 
waves in the shallower water slow down with the effect that waves become parallel to the sea bed 
contours.  Shoaling is when waves become smaller as they approach shallow water.  Diffraction occurs 
when waves spread energy laterally along their crests.  Breaking occurs when waves break within the surf 
zone.  Refraction, shoaling, diffraction and breaking all involve a loss of wave energy. 
 
The south-westerly swells are the dominant waves between Cape Town and Port Elizabeth.  Anchor 
Environmental (2010) report that under south-west swell conditions, waves entering Mossel Bay are 
refracted by Cape St. Blaize and their energy is dissipated.  This is shown in Figure 9 indicating 135° of 
refraction. 
 



Figures 10a and 10b show modelled wave diffraction in both the south-west swell and the south-east swell.  
There is considerable diffraction for the predominant south-west swell.  There will also be shoaling, 
refraction and breaking of south-west swells.  There is less diffraction for the infrequent south-east swell.  
However the south-east swell will be subject to shoaling, refraction and braking.  Note the small wave 
sizes in Figure 10 at the proposed Pansy Villas site, during both the south-westerly and south-easterly 
swell events. 
 
4.5 Conclusion 
 
From the local oceanographic review, the oceanographic conditions at the proposed Pansy Villas site, 
Diaz Bay, are: 

• a stable reflective beach, 
• any erosion is likely to heal quickly (days if not a few weeks), 
• a long reach of decreasing sea bed depth for the approaching pre-dominant south-west swells and 

for the less dominant south east swells, 
• low current speeds along the beach from Hartenbos to Diaz Bay, and 
• diffraction, shoaling, refraction and breaking of the ocean swell before the Diaz Bay beach. 

 
It is also necessary to quantify the wave sizes in the Diaz Bay area. 
 
5. Quantifying Wave Sizes 
 
According to CSIR (2009), PetroSA commissioned the CSIR to undertake a study of the wave climate 
offshore of Mossel Bay for a proposed Liquid Natural Gas (LNG) terminal.  This was extended to further 
stations in 2009.  The locations of the stations are shown in Figures 11 and 12. 
 
The wave climate was analysed using measured wave data.  The list of wave data sources are shown in 
Table 3 with the locations shown in Figure 13.  The Slangkop wave bouy off Kommetjie provided 
extensive information on swell direction.  Note that the offshore wave climate as described by the 
Slangkop wave data has been found to compare well with the wave climate on the Agulhas Bank.  The 
reason for this is that the same frontal systems are responsible for the wave conditions around the Cape 
south and south-west coasts(CSIR(2009)). 
 
Table 3.  List of Wave Data Sources. 
No. Station name  and 

Location 
Water depth 
       (m) 

Period Comment 

1 FA Platform ± 100m Mar 1996 to Jun 
2007 

Marex radar system located to 
the Platform.  No data on the 
peak wave period direction 

2 NCEP grid point 
(close to FA 
Platform) 

± 100m Feb 1997 to Jun 
2008 

Output from numerical model 
operated by NCEP. 

3 Slangkop wave 
buoy (off 
Kommetjie) 

± 76m May 2001 to Aug 
2008 

Data provided information on 
directional spreading. 

4 Gouritz wave 
buoy 

±70m  Jun 1985 to Mar 
1994 

Spectral provided information on 
JONSWAP gamma factor. 

 
The study used the SWAN refraction model (Delft Hydraulics (2005)) to model the wave characteristics at 
specific sites including the three sites within Mossel Bay as shown in Figure 12.  The CSIR (2009-b) 
conducted a verification study that concluded, inter alia, that statistically the SWAN stimulations yield 
slightly conservative wave heights for near shore locations, especially for those that are located well into 
the sheltered bays.   
 



Figure 14 shows the scatter of wave height versus wave direction.  In terms of this data: 
• the waves come from between 60´ (East-North-East) and 290´ (West-North-West). 
• the predominant wave direction is from 210´(south-west) and  to a much lesser extent 90´ (East). 
• the south-westerly waves can reach a height of 10m whilst the easterly waves seldom reach 5m. 

 
The CSIR (2009) conducted a set of wave size distribution simulations using the SWAN model.  The 
simulation involved a base wave height of 2m, standard wave period of 12 seconds, and a wave angle 
ranging from 112.5° to 270°.  The results showing the resultant wave sizes across Mossel Bay are 
presented in Figures 15a to 15h.  Figure 15a shows the stimulation for the easterly swell.  The model 
indicates that the 2m swell is reduced to less than 1.2m in the study area.  The wave height reduction is 
more pronounced for the south-westerly swells.  Figure 15f indicates that a south westerly offshore swell 
of 2m height is reduced to less than a 0.4m height at the study area. 
 
The CSIR (2009) further indicates that the wave heights at the study area are greatly reduced due to the local 
oceanographic features that result in wave diffraction, shoaling, refraction and breaking.  It is evident that the 
wave energy will be low at the proposed Pansy Villas site which accounts for the stable reflective beach there.  
The CSIR (2009) also conducted an analysis of the occurrences of wave height versus wave period.  This was 
conducted for all stations, with the results for station P7 presented in Table 4 below.  The data indicates that 
89% (5.99% + 48.74% + 33.89%) of the waves are below 1.5m in height and that 54.52% of the waves have a 
period between 10 and 12 seconds.  No waves exceeded 3.5m in height.  Note that according to Figures 15, 
the wave height at the study area will be substantially reduced. 
 
Table 4.  Percentage Occurrences of wave height and wave period for Station P07 (after CSIR (2009)). 

                                     Period (Tp) (s) Hmo 
(m) 0-2 2-4 4-6 6-8 8-10 10-

12 
12-
14 

14-
16 

16-
18 

18-
20 

20-
22 

22-
24 

24-
26 

26-
28 

28-
30 

30-32 Total 

0.0 – 0.5   0.23 2.71 1.80 1.20 0.04          5.99 
0.5 – 1.0   0.52 2.33 7.10 32.75 5.27 0.69 0.09        48.74 
1.0 – 1.5   0.47 4.71 5.18 16.44 6.12 0.85 0.10 0.01       33.89 
1.5 – 2.0    1.07 1.73 3.08 2.34 0.54 0.10        8.86 
2.0 – 2.5    0.09 0.44 0.73 0.53 0.19 0.04        2.03 
2.5 – 3.0     0.05 0.28 0.06 0.03 0.01        0.43 
3.0 – 3.5     0.01 0.04           0.06 
3.5 – 4.0                 0.00 
Total 0.00 0.00 1.22 10.91 16.30 54.52 14.36 2.31 0.35 0.01 0.00 0.00 0.00 0.00 0.00 0.00 100. 
Period: 30 Jan 1997 to 30 June 2008 
Station: PetroSA LNG – Mossel Bay – P07 
Position: 34.136°S; 22..167E 
Instrume
nt type: 

SWAN model data output 

Records: 33360 
 
The CSIR (2009) also conducted an analysis of the percentage occurrences of wave height versus wave 
direction.  In order to review this local oceanographic effect of Mossel Bay we compare the results of an 
offshore station (eg. P16) with the inshore station P7.  The result the offshore for station P16 are shown in 
Table 5 and the results for the inshore station P07 are shown in Table 6 below. 
 



Table 5.  Percentage Occurrences of Heights and Wave Direction for an Offshore Station (P16) (after 
CSIR 2009)). 
                                                       Wave Direction (degrees TN) 
Hmo (m) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total 

0.0 – 0.5                 0.00 

0.5 – 1.0     0.05 0.19 0.01 0.03 0.03 0.06 0.07 0.06 0.01    0.52 

1.0 – 1.5     0.44 3.62 0.45 0.33 0.40 1.89 2.48 0.97 0.05    10.62 

1.5 – 2.0     0.22 4.66 0.90 0.92 1.00 6.87 9.10 0.78     24.44 
2.0 – 2.5     0.04 1.71 0.45 0.56 0.89 9.00 10.11 0.50     23.26 
2.5 – 3.0     0.02 0.91 0.27 0.31 0.56 6.53 7.76 0.52     16.87 
3.0 – 3.5     0.01 0.17 0.11 0.14 0.22 3.93 5.26 0.36 0.00    10.20 
3.5 – 4.0     0.02 0.04 0.05 0.10 0.22 2.73 3.97 0.16 0.00    7.31 
4.0 – 4.5      0.01 0.03 0.02 0.08 1.42 1.56 0.10     3.21 
4.5 – 5.0        0.03 0.06 0.72 0.87 0.07     1.74 
5.0 – 5.5        0.01 0.04 0.35 0.51 0.03     0.94 
5.5 – 6.0         0.02 0.15 0.29 0.01     0.47 
6.0 – 6.5          0.07 0.13      0.20 
6.5 – 7.0          0.04 0.11 0.01     0.15 
7.0 – 7.5     

 
      0.01 0.02      0.03 

7.5 – 8.0           0.01      0.01 
8.0 – 8.5          0.00 0.01      0.01 
8.5 – 9.0                 0.00 
9.0 – 9.5          0.01  0.00     0.01 
9.5 – 10.0                 0.00 
Total 0.00 0.00 0.00 0.00 0.80 11.29 2.26 2.44 3.52 33.77 42.28 3.56 0.07 0.00 0.00 0.00  

Period: 30 Jan 1997 to 30 June 2008 

Station: Petro SA LNG – Mossel Bay – P16 

Position: 34.812°S; 22..183E 

Instrument 
type: 

SWAN model data output 

Records: 33360 

Table 6.  Percentage Occurrences of Wave Heights and Wave Direction for an Inshore Station (P07) (after 
CSIR (2009)). 
                                             Wave Direction (degrees TN) 
Hmo (m) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total 
0.0 – 0.5        2.28 3.71        5.99 
0.5 – 1.0      2.47 0.58 45.16 0.52        48.74 
1.0 – 1.5      6.48 2.87 24.54         33.89 
1.5 – 2.0      1.77 1.32 5.76         8.86 
2.0 – 2.5      0.27 0.52 1.24         2.03 
2.5 – 3.0      0.02 0.18 0.23         0.43 
3.0 – 3.5       0.03 0.03         0.06 
3.5 – 4.0                 0.00 
Total 0.00 0.00 0.00 0.00 0.00 11.03 5.50 79.24 4.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100. 
Period: 30 Jan 1997 to 30 June 2008 
Station: Petro SA LNG – Mossel Bay – P16 
Position: 34.812°S; 22..183E 
Instrument 
type: 

SWAN model data output 

Records: 33360 

 
A comparison of the offshore data of Table 5 with the inshore data of Table 6 indicates the following: 

i. 76% (33.77% + 42.28%) of the offshore waves come from the SSW and SW and less the 5% 
(2.26% + 2.44%) come from the SE and SSE. 

ii. 0% of the inshore waves come from the SSW and SW and 85% (5.5% + 79.24%) come from 
the SE and SSE. 

iii. 89% of the offshore waves have a height greater than 1.5m. 
iv. 89% of the inshore waves have a height less than 1.5m. 

 
The above comparison indicates how local oceanographic features have an extremely significant impact 
on ocean processes. 



The CSIR (2009) also conducted extreme wave height estimations for the offshore and the inshore stations.  
We present the information for the offshore station P16 in Table 7 below and for the inshore station P07 in 
Table 8 below. 
 
Table 7.  Extreme Wave Conditions for Offshore Station (P16) (after CSIR (2009)). 
Location: P16                                Extreme Wave Conditions 

      1             10              50             100 Return 
Interval 
(years) 

Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) 

All 7.9 15 9.8 16 11.0 17 11.6 18 
N -  -  -  -  
NE -  -  -  -  
E 3.6 10 4.7 12 5.5 13 5.8 13 
SE 4.0 10 5.2 11 6.1 12 6.5 12 
S 5.6 12 7.2 13 8.3 13 8.8 14 
SW 7.9 14 9.7 15 11.0 16 11.6 16 
W 3.3 9 4.6 10 5.5 11 5.9 12 
NW -  -  -    
 
Table 8.  Extreme Wave Conditions for Onshore Station (P07) (after CSIR (2009)). 
Location: P7                                Extreme Wave Conditions 

      1             10              50             100 Return 
Interval 
(years) 

Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) Hmo 
(m) 

Tp (s) 

All 3.3 11 4.1 12 4.7 13 4.9 13 
N -  -  -  -  
NE -  -  -  -  
E 1.9 7 3.0 9 3.7 10 4.0 10 
SE 3.3 10 4.2 10 4.8 11 5.1 11 
S 2.8 10 3.5 10 3.9 11 4.1 11 
SW -  -  -    
W -  -  -    
NW -  -  -    
 
From Table 7 and 8 it is evident that the 100 year Recurrence Interval (RI) wave size is 11.6m for the 
offshore station P16 and 4.9m for the inshore station P07.  From Figure 15, which includes the effects of 
diffraction, shoaling and refraction, the 100 year wave height in the study area is likely to be less than 
3.5m. 
 
The CSIR (2009) also conducted analyses of the persistence of storms, essentially how long storms will 
last with a wave height exceeding a certain value.  From the inshore station P07 the storms with wave 
heights exceeding 2.5m are unlikely to last more than 10 hours.  This is presented in Figure 16a. Similarly 
the persistence of calms analyses showed that there may be 1000 hours (41 days) without wave heights 
exceeding 2.5m.  This information is presented in Figures 16b.  Note that the wave heights will be 
substantially reduced for the study area at Diaz Bay.  However the storm duration will be similar.  This 
indicates the storms are unlikely to last more than 10 hours, and that there is likely to be long recovery 
period.  
 
For completeness we include the CSIR (2009) information on extreme current speed.  These are presented 
in Table 9 and are quite low.  The currents in the study area may be higher, though as these currents are 
wind driven they will still be relatively low. 
 



Table 9.  Extreme Current Velocities for Inshore Station P07 (after CSIR (2009)). 
          P7 Surface Current (m/s) Bottom Current (m/s) 
Return period (years) 1            10           100 1             10            100 
Omni-diectional 

N 
NE 
E 

SE 
S 

SW 
W 

NW 

0.24       0.30       0.35     
0.16       0.20       0.24 
0.10       0.14       0.18 
0.06       0.07       0.08 
0.10       0.15       0.19 
0.24       0.30       0.35 
0.22       0.28       0.34 
0.09       0.12       0.15 
0.14       0.18       0.22 

0.21        0.29       0.37 
0.05        0.08       0.10 
0.04        0.06       0.08 
0.06        0.08       0.10 
0.15        0.19       0.23 
0.18        0.22       0.25 
0.19        0.29       0.37 
0.21        0.29       0.37 
0. 17       0.22       0.27 

 
From the quantification work of CSIR (2009), the following is evident: 

• the dominant and large storm waves come from the south-west. 
• the dominant oceanographic features greatly reduce the wave height for the study area at Diaz 

Beach. 
• the offshore waves are diffracted by many degrees by the time they reach the inshore stations. 
• the inshore waves are substantially smaller than the offshore waves. 
• storms with wave heights exceeding 2.5m are unlikely to persist for more than 10 hours, though 

there will be periods up to 40 days with wave heights being less than 2.5m. 
• the currents speeds are low.  

 
6. Review of Historical Photographs 
 
Hellstrom (2012) conduct an assessment of the dune system.  The dune assessment is included in this EIA 
Process.  Hellstrom (2012) reviewed historical aerial photographs taken during the following years: 

• 1940 
• 1957 
• 1968 
• 1974 
• 1991 
• 2004. 

These aerial photographs are shown in the Hellstrom(2012) report. 
 

According to Hellstrom(2012) the variations in the vegetation lines are insignificant and is caused by wind 
and not wave action.  There are no natural for and aft movements of the dune. 

 
The historical aerial photographs did show that the Pansy River can veer along the beach.  This is reason 
to consider some river training works at the base of the dune alongside the Pansy River.  From the 
historical photographs we do not expect a long term migration of the coastline towards land. 

 
7. Coastline Developments 
 
Mossel Bay has a long recorded history.  The only maritime structure along the coast is the harbour that 
was built in stages with the last work being the extension of Quay 4 in the 1970’s.  There have been no 
further developments to the harbour or other coastal structures since this date. 
 
The Pansy River (8km2) and the Tweekuilen River (29 km2) catchments have been subject to urbanisation 
over the last 20 years.  However based upon the prevailing winds and geotechnical conditions the 
catchments were not a sand supply to the beach at Pansy Villas.  In any case the catchments are fairly 
small. 
 



The urbanisation of the Pansy River catchment will increase the rainfall runoff and this is further reason to 
consider some river training works at the base of the dune alongside the Pansy River. 
 
To our knowledge there are no planned developments to the Mossel Bay coastline. 
 
We therefore conclude that there are no significant developments along the coastline and within the river 
catchments that will cause the coastline at Pansy Villas to recede landwards. 
 
8. Coastal Setback Lines  
 
The main purpose for this report is to describe the coastal processes in and around the proposed Pansy 
Villas development.  We will now comment on coastal setback lines. 
 
The primary purpose for coastal setback lines is to: 

1) Keep infrastructure out of areas that can be affected by migrating shorelines and by large waves 
inundating shorelines.  This is called the physical/hazard line. 

2) Allow only appropriate infrastructure in areas that should be maintained in a natural state for 
environmental, heritage, social, economic and other reasons.  This is referred to as the limited 
development line. 

 
The primary steps for establishing physical processes hazard line are: 

i. 100 year wave run-up. 
ii. Bruun’s Rule for sea level rise and sandy erosive shores. 

iii. Long term beach retreat (analysis of old aerial photographs). 
iv. Analyses of sediment pathways. 

 
By considering the local oceanographic information from CSIR (2009) it is evident that the 100 year wave 
run-up will be caused by a wave with a height in the order of 3.5m.  Such a wave will have an 
insignificant wave run-up. 
 
The Bruun’s Rule is used as a broad estimate of setback for erosion of sandy shores due to rising sea 
levels related to the possibilities of climate change.  Mather et.al. (2009), cited by Umvoto Africa (2010), 
state that an analysis of the Mossel Bay tide gauges indicates a sea level fall of 0.4mm/year (note a sea 
level fall).  However DEADP (2010) state that a sea level rise of 1.0m should be used. 
 
The Bruun Rule is: 
Dy  =  Ds . ℓ   

h 
where:  Dy  =  shoreline retreat 
  Ds  = sea level rise 

ℓ    =   beach profile length 
h    =   depth of the limit of sediment exchange between the beach and the offshore. 

 
We refer to Figure 6 for the following information: 
ℓ   =    35m 
h   =    -1.5m – (-10.5m) 
     =    9m. 
 
Applying the Bruun Rule for the cross-section of Figure 6: 
Dy  =  Ds . ℓ   

h 
      =  1m x 35m 
                H 
      =  4m 



Note that the Bruun Rule is one of many coastal setback line tools and should be used with circumspection 
for the particular location and coastal processes.  Table 10 below gives commentary on the physical 
processes coastal setback line. 
 
Table 10.  Physical Processes Coastal Setback Line – commentary. 
Criterion Remark 1 Remark 2 
Long Term 
Shoreline 
Migration 

There is no long term shoreline migration Refer to review of historical 
photographs and Entech (1997) 
Report. 

Short Term 
Erosion (due to 
storms) 

The bay is protected from the dominant 
South-Westerly swells.  The easterly swells 
are smaller and are reduced by shoaling and 
diffraction in the Bay. 

The local oceanographic 
conditions allow quick healing 
of beach erosion. 

Geotechnical 
Stability 

The dunes should be protected with 
vegetation, mulching, irrigation, 
maintenance, etc. 

 

Estuaries Consideration should be given to lining the 
edge of the Pansy River against the southern 
flank of the development.  This is to protect 
the toe of the cliff.  The river is already 
affected by upstream bridges which affect 
the course of the river. 

 

Windblown sand The wind rose of Figure 2 shows the wind 
to blow parallel to the coast. 

There is no historic problem of 
windblown sand in the area. 

Flooding The proposed development at about 12.5m 
amsl is well out of danger from the sea. 

The same applies for flooding 
from the Pansy River. 

 
From the above we recommend a setback for long term sea level rise.  The Bruun’s Rule gives it as 4m 
though we recommend it to be 10m.  Structures should be designed to withstand geotechnical instability of 
the sandy dunes.  Taking the above into account, the setback should be 10m plus an allowance for the 
dynamic equilibrium of the sand dunes. 
 
9. DEADP – Umvoto Africa Report (2010) 
 
Umvoto Africa (2010) produced a report for the Western Cape Department of Environmental Affairs and 
Development Planning (DEADP) in May 2010.  The Report is titled: ‘Sea Level Rise and Flood Risk 
Assessment for a Select Disaster Prone Area along the Western Cape Coast’. 
 
There are three phases to the Report. 
1. Eden District Municipality Sea Level Rise and Flood Risk Literature Review. 
2. Eden District Municipality Sea Level Rise and Flood Risk Literature Modelling. 
3. Eden District Municipality Sea Level Rise and Flood Hazard Risk Assessment. 

We quote directly to the Umvoto Africa (2010) Phase 1 report: 
The combination of these eastward verging, erosion resistant headland points and the dominant south-
westerly directed wave climate (with associated wave being oblique to the shoreline), has resulted in the 
development of log spiral bays.  The oblique wave approach and headland obstruction allows for a 
longshore drift to be interrupted, and the development of a sediment starved region in the lee of the 
headland.  The presence of a headland also alters the direction and angle of dominant wave approach, 
causing wave refraction around the headland and associated with diffraction and reflection in the lee of 
the headland (Meeuwis and van Rensburg, 1986).  This results in the generation of two distinct zones 
within the log spiral bay, namely the “shadow zone” in the lee of headland where sediment starvation 
causes erosion, and the ‘tangential end”(Finkelstein, 1982).  Wave refraction causes a decease in wave 
energy and hence deposition at the tangential end, building the coastline outwards and forming a log 
spiral i.e. curved or fish hook coastline shape(Finkelstein, 1982) (Umvoto Africa (2010)). 
 



The area between the Mossel Bay Point, past Santos Beach in Munro Bay (Yacht Club), and past Die 
Bakke would be the sand starved region.  The area where the waves reach parallel to the beach at Pansy 
Villas is where the sand is likely to be deposited. 
 
The Umvoto Africa (2010) Phase 1 report further cite analyses by Mather (2009), Brundrit (1995) and 
Woodworth et al. (2007) which show no persistent upward rise in the sea level at Mossel Bay. 
 
In the Umvoto Africa (2010) Phase 2 report,  Table 3-2 describes areas vulnerable to coastal erosion and 
includes a description of Diastrand, Bayview and Voorbaai: 
A small portion of underdeveloped foredune (10-15m high, and 10-70m wide) currently protects coastal 
and residential areas, and would prevent a swash run-up of 6.5m amsl causing damage. 
 
Based the above the above the dunes form part of the protection of properties on the landward side of erf 
5216. 
 
Table 3-5 of the report refers to shoreline evolution along sandy coastlines for a two meter rise in sea 
levels by the year 2100.  The table describes the Mossel Bay and Hartenbos to Glentana coastline as 
follows: 
A 30m to 40m landward shoreline movement along low gradient coastal areas may occur.  Dune 
degradation would result due to a buffer area, which would otherwise allow for the natural dune 
migration, being absent along most of the developed section of the coastline. 
 
The implication of the above is that the coastline is developed without a wide enough buffer for natural 
dune processes.  This causes dune degradation over time.  A further problem is that without a wide buffer 
zone infrastructure can be threatened and man-made structures may be installed to protect infrastructure.  
However man made structures can cause further dune degradation. 
 
The comment is made with respect to the 26km stretch of beach from Diaz Beach to Glentana and has 
merit. However Diaz Beach is the most protected of the stretch of beach, whilst also having received the 
most inference by man to date. 
 
The Phase 3 Report of Umvoto Africa (2010) is a risk assessment where: 
 
Risk = Hazard (H) x Vulnerability (V) / Coping Capacity (C).   
 
There is no particular mention of Diaz Bay which is on the border of the Mossel bay and Hartenbos 
Regions.  Diaz Bay is included in the Hartenbos Region.   
 
Table 11 below shows the Umvoto Africa (2010) Risk scores for the Hartenbos Beach (including Diaz bay 
Beach). 
 
Table 11.  Risk scores for the Mossel Bay to Hartenbos Beach (after Umvoto Africa (2010)). 
RISK SCORE AND RANKING 
Risk Sore Risk Ranking 
0 – 1.5 
1.5 – 3.0 
3.0 – 6.0 
6.0 – 15.0 
15.0 – 25.0 

Very Low 
Low 
Moderate 
High 
Very High 

RISK FOR MOSSEL BAY TO 
HARTENBOS 
Sea Level rise Induced 
Erosion and 
Inundation 

Extreme Events 

5.8 9.6 



 
The area is extremely close to the sea and despite an evaluation of the coastal processes indicating the area 
to be safe, safety measures are recommended. 
 
10. Development Safety Measures 
 
Ancre Structural and Civil Consulting have issued conceptual structural systems for the proposed units.  A 
key criteria of their design is to protect the stability and conservation of the dune.  Ancre (2011-a) state 
that their design is to maintain the stability of the dune to accommodate the development, and to allow 
natural coastal processes w.r.t. the dune and beach. 
 
A schematic of the Ancre (2011-b) concept design is shown in Figure 17.  This design includes 
Reinforced Concrete (RC) piles into the naturally cemented hard sand layer.   The structure are thus not 
supported by the soft dune sand.   RC pile caps are situated within the dune sand and support a timber 
structure above the sand height.  The structure is well braced.  The visual impact has been reduced by 
keeping to a single story with a flat roof.  There are stormwater measures proposed to protect the dune 
from rainfall runoff that are supported by the soft dune.  
 
A key feature of the design is to create a light weight structures, minimal dune disturbance and the 
rehabilitation of the vegetation immediately after construction. 
 
11. Responsibility for Developing close to the Coastline 
 
The site has tremendous advantages and a review of the local oceanographic processes shows the area to 
be safe w.r.t. coastal processes.  However the inherent dangers of coastal developments should be 
respected.  It is important that the property owners, who enjoy the advantages of the site, bear the 
responsibility for developing alongside the beach.  In this respect we propose that certain 
recommendations of the City of Cape Town (CCT) (2009) be used.  The CCT (2009) Policy document on 
Floodline Management states that if, owner’s wish to develop within floodplains, they must indemnify the 
City Council w.r.t. their development plans. 
 
If the CCT (2009) policy is adapted for properties being developed close to the coast, then the following 
would apply: 
1. The property owner must sign an indemnity accepting full responsibility for developing close to 

the coast. 
2. The 100m default coastal setback lines should be shown on all building plans. 
3. The owner must endorse all building plans indicating that the owner is aware of the consequences 

of building close to the coastline. 
4. The registration of a Notarial Deed of Restraint against alienation, which provides that the 

registered owner shall not be entitled to alienate his/her property without the consent of the City.  
Such consent shall be withheld until such time as the new owner/purchaser signs an indemnity on 
terms and conditions acceptable to council.  The issuing of a clearance certificate in terms of 
section 118(1) of the Municipal Systems Act number 32 of 2000 shall not constitute consent for 
the above mentioned purposes. 

 
The above measures will relieve the local authority of any obligations towards the owners for protection 
of the property. 



12. Conclusions 
 
Following a review of historical literature, historical photographs, regional and local oceanography, we 
conclude the following: 

• the area is protected from the dominant south west swells, 
• the south easterly swells are smaller than the south westerly swells, and reduce in size by the time 

they reach Diaz Beach (Pansy Villas), 
• the Beach is not eroding due to the sediment transport, 
• the beach type is reflective which is erodible unless in a protected area such as at Pansy Villas, 
• reflective beaches heal quickly after any erosion, 
• there will be little impact at Pansy Villas should sea levels rise, 
• the structures should be light weight structures that are not supported by the soft dunes, with 

minimal dune disturbance, 
• the dunes must be rehabilitated immediately after construction, 
• the owners must bear the responsibility for any dangers associated with building alongside the 

coastline, and 
• consideration should be given to installing some river training works at the base of the dune 

alongside the Pansy River. 
 
Based upon the above we do not expect short term erosion or long term erosion of the dunes at the 
proposed Pansy Villas, Mossel Bay.  We therefore believe the 25m servitude between the development 
and the high water line to be an acceptable setback. 
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