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Abstract
2D numerical modelling of the breaching process of the Klein River Estuary in South Africa was carried out. The model was
calibrated on field data and performs reasonably well, and is able to simulate the ebb and flood channels that form upstream
of the mouth. The focus of the simulations was to determine the effectiveness of flushing of sediments during breaching, by
investigating the breaching process at different water levels in the estuary, as well as at two different areas along the berm.
Breaching at higher water levels increases the effectiveness of flushing as the discharge through the mouth increases significantly at higher water levels. Flushing towards the middle or south-east side of the berm is much more effective than towards
the north-west side.

Keywords: estuary, breaching, Klein River, sediment flushing, numerical modelling

Introduction
Many estuaries in South Africa are only temporarily open to the
sea due to factors such as the low tidal variation. The quality
of the environment of these estuaries is largely determined by
the frequency, duration and timing of open mouth conditions.
Unfortunately many estuaries are at present often closed more
frequently and for longer periods than in the past due to reduced
river flow such as the Klein River or the Bot River estuaries
(CSIR, 1999; Van Niekerk et al., 2005).
Open-mouth conditions at small estuaries are principally
maintained by river flow and especially by baseflow. A reduction in minimum baseflow therefore commonly results in an
increase in closed mouth conditions. The Groot Brak Estuary,
for example, needs only about 0.5 m3/s to keep it open during
neap tides, and it stays open during spring tides (CSIR, 2000).
However, the Wolwedans Dam which was built in the 1990s
just 2 km upstream of the estuary has reduced the mean annual
runoff (MAR) and has led to increased closure of the estuary
mouth. In response to that, 1 x 106 m3 is reserved annually for
release to the estuary (Huizinga, 1994).
The ever-increasing reports of sedimentation problems in
South African estuaries due to increased sediment yields from
the catchment, lead to calls for increased flushing of these
estuaries and mouth breachings, both natural and mechanical,
in order to remove the sediment. However, artificial breachings have often occurred at water levels in the estuary that are
too low, which has a negative effect on the flushing efficiency
(CSIR, 1999 and 2003). In the case of the Groot Brak Estuary it
was found that by using the annual release to breach the mouth
at higher levels, more sediment is flushed out during breachings
and that the state of sedimentation in the lower estuary is similar
to what it was before the dam was built (Schumann, 2003).
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This problem is not confined to South-Africa. The tidal
prism and the rate and size of river flows through the Murray River Estuary, Australia, have been significantly reduced
(Harvey, 1996). In 1981 an artificial channel had to be excavated to re-open the mouth. A first attempt to open the mouth
was not successful, but the second channel in a different location managed to re-open the mouth, but also caused rapid erosion of the adjacent peninsula. The restriction to flow by the
barrages has also been responsible for rapid deposition of mud
in the lower reaches over the past 60 years (Bourman and Barnett, 1995).
Artificial breachings have also been undertaken at the Russian River Estuary, United States, since the late 1960s, in order
to lower water levels, restore tidal circulation, and flushing of
pollutants, nutrients, fish, and other biological resources into the
ocean, rather than to remove accumulated sediment (Goodwin
and Cuffe, 1993; Martini-Lamb et al., 2006).
A study was undertaken between 2001 and 2004 to investigate the sedimentation problems in South African estuaries
(Beck et al., 2004). Part of this study involved fieldwork at the
Klein River Estuary, mainly to obtain data to calibrate and verify numerical as well as physical models. These models were
then used to investigate the factors affecting the efficiency of
breaching at Klein River. This article only discusses the numerical modelling results at the Klein River Estuary.

Klein River Estuary
The Klein River Estuary at Hermanus, South Africa, is a
micro-tidal estuary that temporarily experiences closed mouth
conditions. Perceived sedimentation and reduced river inflow
have been cited as the reasons for the more frequent and longer
periods of closed mouth conditions at the Klein River Estuary.
The estuary has to be breached artificially once or twice a year
(Figs. 1 and 2), mainly to prevent flooding of the low-lying properties. Since many of these properties are situated as low as
+2 m above mean sea level (MSL), the result has been that
breachings have taken place at very low water levels, whereas
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