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1 INTRODUCTION

Anchor Environmental Consultan8ty) Ltd (AEC) were appointed WyIBB (Pty) Lths marine and
estuarinespecialists tawompileimpact assessmentsr seven estuariesriver outletswithin the City

of Cape TowrfQCT)boundaries namely, the Diep, Dis&jlvermine, Zandvlei, Eerste, Lourens and Sir
Lowry@ Pass rivers The purpose of compiling thesmpact assessmentreporfsa (2 3JIdzA RS G KS
maintenance activities, which mainly cover typicibrmwater management activities, within
sensitive estudne environments and to identify suitable mitigation measures that will minimize
negative environmental impacts of these activities. Thesaintenance activitiesrequire
authorization in terms of the National Environmental Management Act (Act No. 107 of 1998). The
desired approval from the competent authorifi?rovincial Department of Environmental Affairs and
Development PlanninPEA&DP) will be an amendment toetexisting environmental authorisation
obtained by the CCT in 2015 for its routine stormwater maintenance programme (EIA Ref No.
16/3/1/3/1/A7/4/2031/12). Theimpact assessment reporieiclude a delineationof the estuary
extent; a summary of availablenformation on conservation importance, health status and
sensitivity of each estuary;a description of therequired maintenance activitiesand an
environmental impact assessment of the proposed activiti€Ste visits to each of the seven
estuaries were undertaken over the period2-4 December 2015 during which variety of
maintenance ativities were discussed withGQT officials Theseimpact assessmentare compiled

based oninformation supplied by CT officialsobservations madeluring the site visits, available
information in the scientific literatureand other reports (e.g. estuary management plansnd the
OzyadzZ GF yiQa LabspdcialidrknoddegaSndlly, Shei@ct assessment reports
should be read together with the EnvironmehtdManagement Programme and Technical
Assessment Report (GIBB, 2014) which were compiled as part of the original Basic Assessment
Report and EIA application for the authorisation for maintenance and management interventions in
GKS / AG@&Qa & daNtEnmsOCGhapieiild dbidhat ENIPS dehls specifically with estuaries and
river mouths.

Thisimpact assessment repoit for thevariousCity of Cape Towmaintenance and management
interventions required on th&andvlei estuary

2 ZANDVLEI ESTUARY

2.1 Spatial delineation of estuary extent

An estuary is defined in terms of the National Environmental Management: Integrated Coastal
alylF3asSySyd 104G oL/ a!v FYyR GKS b9a! wmamn 9L! wS3o
a) thatis permanently or periodically open to the sea;
b) in which a rise and fall of the water level as a result of the tides is measurable at spring
tides when the body of surface water is open to the sea; or
c) in respect of which the salinity is highérK I y FNBXaK ¢l GSNJ a I NBad
the sea, and where there is a salinity gradient between the tidal reach and the mouth of
0KS 02R@& 2F &adza2NFIF OS 461 GSNWPQQ
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While this definition is in line with those used internationally in respect of estuatgnizdiesit is
considered somewhat limited inasmuch as it encapsulates only the estuary water body and not the
adjacent physical and biological processes and habitats required to support estuarine function and
health. Thus, as part of the Estuary Comgrunof the National Biodiversity Assessment (van
Niekerk & Turpie 2(®) a definition for the estuarine functional zor{&FZ)wvas formulated which
extended the lateral boundaries of an estuary up to the 5 m contour, with the downstream
boundary taken as theestuary mouth and the upstream boundary taken as the limits of tidal
variation or salinity penetration, whichever penetrates furthest. Protection/rehabilitation of the
estuarine functional zone is considered essential for protection of estuarine bisdiveand
associated ecological processes (van Niekerk & Turpi)20lhe Zandvlei Estuary Management
Plan (EMP) had utilized the 1§@ar floodline to determine the northern and lateral boundaries of
the estuary, but this area still included some resitrdevelopment. fie estuarine functional zone
definition (i.e.5 m contourand limits of tidal variation or salinity penetratiom)as adopted for the
purposes of thee impact assessmentsvith the major difference being that housing or industrial
develppments were excludedand for practical purposeghe borders were aligned with clear
features (such as roadws footpathg where possible The spatial extent of th&andvleiestuaryas
defined for the purposes of thismpact assessmeris shown inFigurel).

The Marina Da Gama canals constitute artificial estuarine habitat, but they are a connected and
functioning part of the Zandvlestuarine system. The CCT undertakes a number of maintenance
activities within the canals, includingopd weed managementmaintenance of stormwater
headwalls and outlets, erosion control of embankments alongside public open space, and may be
required toundertake sediment management within the canals in the future. The Marina Da Gama
Canals are therefore included in the definition of Zandvlei estuary extent foptingeosesof this

impact assessmerfEigurel).

GA\_\.'(‘II()R
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Figurel. Spatial extent of the Zandvlei estuary defined for the purposes oistimpact assessmenManagement Plan
(yellow polygon) and the 5m contour (red polygan)

—G ANCHOR
6 environmenta




&
2.2 Catchment and hydrology

The catchment of the Zandvlei estuary is approximately $2&md bordered by Muizenberg
Mountain, Silvermine Plateau and Constantiaberg to the West, Wynberg Hill to the North with a
smaller, less noticeable eastern boundary. The nstieams draining the catchment are the
Westlake Stream, Keysers River, Langvlei Canal and the Sand Rivéith€datikr essentially being

the lower end of theDiep River The Westlake and Keysers rivers converge and enter the-north
west of the estuaryia a reed filled wetland while the Langvlei and Sand rivgnich flow in
concrete canalsonverge and entethe estuary in the nortreast(Figure 1)

The geology of the catchment includes a number of different sources including the Peninsula,
Springfonyn and Witzand formations. All three of these different formations have the potential to
contribute groundwater to the Zandvlei estuary, however most groundwater naturally entering the
system would be through the shallow intergranular aquifers of the §fwirtyn and Witzand groups
along the Sand River. The groundwater from these aquifers likely contains water of a sodium
chloride-calciuntalkaline nature. The current contribution of these aquifers to the hydrology of the
system is now likely severely limitelue to the extensive canalisation sime ofthe river coursesn

their lower reacheswhich prevents movement of water into the system through interflow or
baseflow. This indicates that the majority of the water entering the system is coming from alerlan
flow transported by the inflowing rivers

2 KAfTS GKSNB IINByQid Ft2g 3l dz3Set &I1(1995) irFf @EQI(2610)0 K
estimated that the mean annual freshwater inflow is approximately 22x#@nnum using data

from the single gauging station, rainfall records and water levels from the estuary itself. They
estimated that the contribution of flow for each river is about 45%, 43% and 12% coming from the
Keysers, Sand and Westlake rivers respelgtivénder natural conditions there would have also been

a significant tidal influence through the estuary mouth. This tidal influence is now gadtatigd due

to canalization, weir construction and artificial mouth management. Thormibal. (1995) in EC
(2010) estimated the current tidal inflow at 3.1Xt@/annum.

2.3 Physical and chemical components

Some early maps suggest that the mouth of the Zandvlei estuary was much wider than it is today
and potentially shifted position periodically. It appears thaior to human interventions, the
estuary would have been open to tidal flushing most of the year, maintaining water heights of
between 0 m and 0.3 m above Mean Sea Level (aMSL). During late summer months when the river
inflow was at its lowest, the moutivould have closed, resulting in a gradual increase in water level,
potentially reaching as high as 23 m aMSL, flooding a much larger area than that which is
inundated currently. The inflowing freshwater from the rivers, would have then caused ihéysa

the estuary to drop. At some point the mouth would be breached by the high waterbebéhd the
natural sand bermwvhich would result in flushing out most of the water, transporting a large amount

of sediment along with it. The newly opened anl@ned mouth would then allow a tidal influence,
once again increasing the salinity in the estuary.

gA\_\'(‘II()R
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Since the first time the mouth was artificially closed ioffL886 the water level within the estuary

has been manipulated in a number of different wags different objectives, including protecting
sewage infrastructure, allowing recreational activities to occur in the estuary as well as protecting
lower lying buildings from potential flood damagé&hese largely human requirements are also
balanced with lhe need to ensure the system maintains some estuarine characteristics such as saline
influence and facilitating the movement of estuarine species into and out of the sy$ténife the
natural range of water levels were approximately ® m aMSL, it has nrdy been manipulated to

keep the level less than 1 m aMdhis is achieved by managing the height of the rubble weir
between 0.4 and 0.6naMSLwhich is the lowest it can be and still satisfy the recreational user
requirements. Since about 200the mouth has been regularly opened and closed to try and
maintain a balance between keeping enough water in the estuary to allow recreational use, while
still trying to allowfor the system to function mor@aturally. In summer months the mouth has
been opened for a number of days each month, often coinciding with spring tides to allow for
greater influx of seawater and to facilitate fish recruitment into the system. In addition the mouth is
left often for the majority of the winter months order to marmage flood riskunless there has been
insufficient rainfallwSF¥SNJ (G2 &aSOGA2Yy wdp aalyl3ISYSyd | Aais
process.

These changes to the natural processes working in the estuary have led to a number of changes to
biophysical charderistics of the system. While there has been some monitoring of water
parameters in Zandvlei estuary by the City of Cape Town since the Xorfsof these stations

have been discontinued, making tracking lgegm trends difficult. However arrently there are

nine monitoring stationslocated within the main estuary area and marina canalsere a
comprehensive range of chemical, microbiological, algal and physical analyses are undenizken
permontho @ GKS / AGedQa | OONBRAGSR fF 02N} (G2NE

Salinity withn the estuary remained relatively constant during the 1970s. There was a gradual
decline in salinityseenfrom 1980 to the early 1990s from a mean of 10 ppt to 5 ppt, which is
attributable to the increase in the weir height during that period (CEC 2@djveen 2002010

the salinity recovered to a more natural higher level of betweell9pt, again linked to alteration

of the weir (this time a reduction in heighth addition to monthly sampling undertaken by the City,
salinity levels are regularly mdored by a community citizen science group. The data obtained
through this programme indicates that salinity levels in tloeth of the estuary fluctuatebetween 5

and 15 ppt, 5 and 20 ppt in the midgion and 5 and 32 ppt near the moufhemperature angpH

both seem fairly uniform and consistent across the estuary and within acceptable ranges (CEC 2010).
Surface dissolved oxygen levels within the estuary were found to be acceptable in all data from
monitoring during the 1970s as well as the 2000s. Thereery limited data on bottom water
dissolved oxygen concentration, however the little data there are show very low levels of dissolved
oxygen. Low dissolved oxygen levels can lead to death of certain aqtgdigcismsand result in fish

kills.

Monitoring of the main nutrient constituents (Nitrogen and Phosphorus) betwk®f3-1978 as well

as 20002009 indicate that the estuarys in a eutrophic state (CEC 2010). Eutrophic conditions
generally lead to highly productive systems that can often hanedlem with overgrowth of pest
species, and generally have quite low overall species diversity. Both total Nitrogen and Phosphorous
concentrations showed some improvement (reduction) between 2P009, less often indicating

gA\_\'(‘II()R
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eutrophic, and more often indating a healthier mesotrophic conditio@bservable consequences

of the nutrient levels include the proliferation of pond weeBofamogeton pectinatyswhich
tolerates brackish conditions and associated epiphytic al@dadpphora / Enteromorphsp.). The
phytoplankton community in the main body of water excluding the Marina canals tends to comprise
mostly Bacillariophyceae (diatoms)Chlorophyceaeand various other minor groups (e.g.
Cryptophyceae, Euglenophyceadluegreen algae (Cyanophyceaade seldom recorded in the
system. Chlorophyll levels associated with the phytoplankton community follows a seasonal pattern
and has reduced since 20{Tablel).

Tablel. Median annual Chlorophyll concentrations within Zandvlei estuary (Souktaskins 2016)

Year 2011 2012 2013 2014 2015
Median annual chlorophyll concentratiofmy/) 27 32 17 14 13

An extensive survey of the sediments in Zandmal the Marina da Gama canals conducted in 2013
by the CSIR revealed thabntrary to popular belief, metaiontamination was minimgICSIR 2015)
Cadmium levels were somewhat elevated but it was postulated that this was not due to an
anthropogenic soure because cadmium concentration in sediment can increase through a natural
process linked to the productivity of singdelled plants (phytoplankton).

2.4 Biodiversity

The biodiversity of the Zandvlei estuary has been greatly impacted on by the changesvto flo
regimes as well as the development of much of its catchment and banks. As a consequence the
biodiversity of the system is now vastly different from what it would have been, and is in a degraded
state. The situation assessment for the Zandvlei Estuaryalylement Plan (CEC 2048d CEQ013

and the Morant and Gritdiey (1982) CSIR report contain comprehensive biodiversity information for
the Zandvlei estuary. Thandvlei Estuary Nature ResenZENR keeps species lists onlinat
www.biodiversity.co.zand the Zandvlei Trust also records a wealth of informationtren Trust
website (vww.zandvleitrust.org.2a A comprehensive description of all aspects of the ZENR can also
be found in thelntegrated Reserve Management Plan (Gibbs, Thompson and Sheasby 2011).

While the system is rather degraded, it still provides a range of different habitats for species,
including salt marsh, reed beds, sand banks as well as open WéiteZandvleiEstuay Nature
Reservehas two primary vegetation types, namely Cape Flats Dune Strandveld owllaed areas,

and Cape Peninsula Granite Fynbos on the higher Boyes Drive area.dxtrgrae north of the
reserve and Westlake wetlands area, the vegetation tigom atransition area to Cape Flats Sand
FynboqGibbs, Thompson and Sheasby 2011)

While there are a number of early studies that have identified an abundance of microalgae, diatoms,
and zooplankton and aquatic invertebrates in the estuary (described in Morant andl&yrit082),

with the exception of regular phytoplankton monitoring aadcasional fish and sand prawn surveys
there has been littledetailed work on these biotic components since. A few recent studies have
found lower abundances of polychaetes and sand prawns than earlier studies (Southern Waters
2001, Fowler 2000 in CEC1B)Surveys over the last three years have shown that prawn densities

gA\_\'(‘II()R
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are highly variable annuallyzor example, énsities greater than the maximum found in previous
studies occurred just after the 2012 golden algae blodmt declined again 2014 (ZENRpers.
comm.)

Eighteen species of reptiles and amphibians have been recorded in and around the Zandvlei area.
The only listed species on the IUCN Ristlis the Endangered Western Leopard Toad that is known

to breed in theupperestuary and surrounding &tlands.

A total of 40 species of fish have been found in the Zandvlei estuary (CEC 2010 updated with GZENR
fish list). The species found in Zandvlei include a number of different groups with varying levels of
dependence on estuaried) species that areependenton estuaries for their entire life cycle; 2)
species dependent on estuaries juvenileqthis includes the endangeraghite seenbrass (IUCN
RedLlist 2016); 3) species where juveniles are mainly occurring in estuaries, but are also at found at
sea; 4) species where juveniles are mainly found at sea, but also in estuaries; and 5) purely
freshwater species.The longsnout pipefish that is found in datei is now known aSyngnathus
temminckii It is common and widespread in estuarine and coastal habitats from Walvis Bay to
Durban. The rares. watermeyeridoes not however occur in Zandvl&here are also a number of
introduced fish species such aarp Cyprinus carpi@nd tilapia Qreochromis mossambicusnd

Tilapia sparrmaniijhat are found in the estuary.

A relatively divers avifauna utilizes Zandvlei estuary. Coordinated waterbird counts (CWAC) have
been compiled by the Animal Demography Unitred University of Cape Town in different parts of

the estuary since 2001. During this time at least 88 species of waterbird have been counted, most of
them in the Westlake wetlands and in the lower estuary. In general there has been an increase in
the number of birds counted since the start of the CWAC data collection. Earlier records indicate
higher numbers of species counted (Begg 1975 in Morant andiiéyih982), however these counts
included nonwaterbird species and so do not necessarily indicatedide in the number of species
using the estuary. Complete bird lists from the ZENRLi&tspecies of bird recorded within the
Reserve, including six red data species (ZENR 2016).

There are 21 mammal species recorded in the ZENR. Of theageatic manmals the Cape
Clawless Otter is one of the larger species most dependant on the estuary. The surrounding areas
would have supported a more diverse range of mammal species prior to the development of the
land. The ZENR likely provedefuge for the remaimig mammal species occurring in the Zandvlei
area.

The aquatic habitats have been affected by thitux of aquatic vegetatiorincludingalien species

Eichornia crassipgsvater hyacinth),Ceratophyllum demersurghornwort), Azolla filliculoidegRed

waterfern) and Myriophyllum aquaticum 6 t I NNE (i Q & whild SrndigeKoaNgbndweed
Potamogeton pectinatu$ias becomedensethroughout the estuary and is periodically removed.

Invasive and aliespecies management within theENHs applied in accordance with th@ity of

/LIS ¢26yQa AYy@lFaArgsS |t ASy &LISOA §avernméntinded 3& I+ yF
initiatives, including Working for Water and Working for Wetlands

Most of the terrestrial habitats have been conwett into residential or recreational areas. The
remaining natural vegetation surrounding the estuary is also threatened by invasion of alien trees,
grasses and weedst KS / A& Qa 9y OBANRYYSyillf w@RBodwnsiddS al yl
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Management Branchhave howeverembarked on projects to rehabilitate and-vegetate certain
marginal shoreline areas with appropriate indigenous species.

A weir was installed in the central salt pans of the system in 1280 the aim of the weir to was to
allow the CCT tmanipulate the water levels of the central pans to simulate natural conditions. The
weir has been out of operation since approximately 2004 when the concrete base was damaged.

2.5 Management history

Zandvlei Estuary has a long history of interventions lan.nSome of the earliest modifications of
Zandvlei date back to 1866 when, during a drought, the mouth to the estuary was blocked off and
the estuarywas drained with the idea to use it as agricultural land. While the land was never
converted to farming de to the reflooding of theestuaryduring the winter rains, agriculture in the
OFGOKYSyil SELIYRSR® Ly GKS wmeponQad GKS TFANEI
occurred. These weirs separated the inflowing freshwater fithim saline water inthe estuary,
allowing the former to be used farrigation purposes

In 1882 the railway line from Cape Town to Simons Town was built which cut off sections of the
westem part of the wetland from the rest of the estuary. The population of the area and
developments increased shortly after this rail link. Estuarybegan being utilized as a recreational
area. There was a break in recreational use between 1947 and 1961 as a result of siltation and
aquatic weed infestation. During this timextensivedredghng and weed removal occurred.o
support ontinued recreation useand developments surrounding the estuathe outlet channel

was canalizedn the 1950s anceventually a rubble weir was constructed near the mouth which
maintained water levels within thestuary:.

Between 1969 and973, Marina da Gama was built along the eastern shore oésheary. In order

to create the marina, a large quantity of matenehsdredged. This material was then used to create
the two islands which lie between the marina amide main estuary water bodyUrbanisation
continued and eventually surrounded the entire estuary.

While the Zandvlei estuary is substantially modified, it is a highly utilised recreational area which still
boasts some natural habitat and conservation ealu

In 1977 the Zandvlei Nature Reserve in the north of the estuary was first recognized, which was later
to become the Greater Zandvlei Estuary Nature Reserve (GZENR). The current land use within the
catchment is mainly recreational, residential and ligatustrial.

A comprehensiv&stuary Management Plan (CHI11 updated ir2013)has been developed for the
Zandvlei estuary following the Estuary Management Plan Prot@@&A 2013)that includes
compiling a Situation Assessment Rep@@EC 2010and a Management Plarwith extensive
stakeholder input, and formation of an Estuary Management Focomprising local stakeholders

and management agency representativd$ie Reserveis currently managed in terms dioth the
Integrated Reserve Management Plan (Gibbs, Thompson and Sheasby, 2011), and the Estuary
Management Plan (CEC 20by)the City of Cape Town with guidance and input from the Zandvlei
Estuary Management Forumvhich has been reconvened more recently as tland®lei Estuary

gA\_\'(‘II()R
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Nature Reserve Protected Area Advisory Committe® SNBS A& +f a2 |y SadlofAar

F2NHzYée oO0%l yR@GEtSA [/ GOKYSYy:d C2NHzYo gKAOK YSSia

topics and challenges related to the entire catchmarea (all inflowing rivers, Zandvlei and other
small water bodies in the catchment).

Apart from undertakingnanagement of general biodiversity and recreational activities withe
GZENR, the City also manages the mouth of the estuargnGgement of aveir and open and
closure of a sand bar which controls water levels in the estuary and Marina da Gamdoarea)
different objectives, including protecting sewage infrastructure, allowing recreational activities to
occur in the estuary as well as protectilgver lying buildings from potential flood damage. These
largely human requirements are also balanced with the need to ensure the system maintains
estuarine characteristicsvhich requires ingress of sea watand allows for the movement of
estuarineand marine species into and out of the system

Theabove mentionednanagement of the moutthas for many years beamdertaken in terms of
the Zandvlei Estuary Mouth Management Plarotocol City of Cape Town 2014, as amengded
which was submitted to, and appred by, DEA&DP in 201Rdference E12/2/4/7A5/328
CJ2142/1). The protocolvassubsequentlyupdated by the City andgainapproved by DEA&DP in
2014 (Reference No. 16/3/1/6/A6/46/2105/14Fhe updated protocol made provision for both the
periodic opening ad closure of the mouth and gradual removal of marine derived sediments
depositedin a sandbaupstream of the mouth.

As the aboveapproval of theMouth ManagementPlan has lapsedinstead ofmerely applying for
renewal of the plan, the City has opted itecorporate the mouthmanagement requirements which
remain the samento this overall Basic Assessment amendment application for approval of the
broader range ofstormwater and related maintenance activities within the Zandvlei estuary.

2.6 Current ecosyste m health & sensitivity

In 2012 the estuaries of South Africa were assessed during a desktop health assessment to try and
identify gaps in knowledge and shortcomings of previous assessments and provide a comprehensive

consistent assessment of estuaries outh Africa. The assessment targeted a number of different
areas, examining both the pressures and threats to each estuary as well as the current condition for
a number of bigphysical parameters. The National Biodiversity Assessment (van Niekerk arel Turpi

HAMHU NYGSR %l yROtSA +a KFE@Ay3d | &aClANE 2@FSNI ¢

Category of D Table2).

The threats and pressures to the system are mainly related to pollution, loss of h@b#enha and
other developments)and changes in flowargely caused dredging for developments, mouth

Z

canalization and manipulationt KS 6A23GA 0 02YLRySyia INB Fff N}YaG$s

good potential basis for recovery if the main threats are dealt with. The components with the lowest
rankings were all physical parameters, and many are directly related to the changes in flow and
breaching of the estuary mouth. The assessment report recommended that Zandvlei estuary be
restored to a more functional status, mainly through how the water lewel lareaching is regulated,
which would allow it to fulfil its role in contributing to biodiversity of the country (van Niekerk and
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Turpie 2012). The estuary is however, highly altered and realistically can never be fully restored to its
previous functionaktate as this would involve many residential developments becoming flooded
during high water periods.

2.7 Conservation importance

SeverallUCN red listegpecies are found within the Zandvlei estuary and surrounds. The Western
Leopard Toad completes its emtilifecycle in and around the estuary itselhe estuary does
provide some areas of mostly intact habitat, although large portions of the margins are completely
converted and ofittle conservation value, however rehabilitation may be possiblestome d these
areas.The estuary is also listed as an important estuary in terms of providing a nursery habitat for
estuarine dependent fish. The endangered white steenbras has teggrarlyrecorded in Zandvlei

in recent surveys, but evidence of a higher abamck in the past exists. If the health of the system
improves it could become a more critical habitat for this and other important line fish species which
depend upon estuaries in their lifecycle (e.g. dusky kob, leervis and elf). These marine fidlinbre se
batch spawners (release gametes many times over an extended spawning season) that breed along
the east coast with peaks in spawning activity during late winter and spring. After an egg and larval
phase lasting several weeks, the peak in recruitmenjugeniles to estuaries along the Western
Cape coast takes place during spring and early summer (Septembeember).

Table2. Results of the National Biodiversity Assessment for Zandvlei estuary (van Niekerk and Turpie 2012).

Indicator Rating

Pressures Change in Flow Medium
Pollution High
Habitat Loss Medium
Mining No
Artificial Breaching Yes
Fishing Effort Medium
Fishing Effort (catches in tonnes) 0.1
Bait collection No

Health Condition Hydrology Fair
Hydrodynamics Poor
Water Quality Poor
Physical habitat Poor
Habitat State Fair

g ANCHOR
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Microalgae Poor
Macrophytes Fair
Invertebrates Fair
Fish Fair
Birds Fair
Biological State Fair
Estuary Health State (Mean) Fair
Ecological Category D

s ANCHOR
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3 REQUIRED MAINTENANCRCTIVITIES

Nine different managemerfmaintenance measureswere identified as necessary to ensure safe
functioning of the CCT stormwater system and to enhance and support environmental process
within wetlands, rivers and estuaries the greater CCTarea(Table3) (Gibb 2015). Seven of these
maintenance measures are required the Zandvleiestuary and surroundgTable 3). These
measures are divided into more detailed styipes and a brief description and location is provided in
Table3 and Figure2 and Figure 3 Detailed method statements for these maintenance activities as
undertaken by the CCT apeovided in Appendix C of the Technical Assessment Report (Gibb 2014).

Table3. Maintenance measures required for the Zandvlei Estuary.

MAINTENANCE/MANAGEMEN INTERVENTION SUBPE REQUIRED IN  DESCRIPTION ANDCATION
MEASURE ZANDVLEI

1.1.1 Manual removal Yes Removal of invasivaquaticspecies
across the estuarincluding the
lower reaches of rivers entering th
Zandvlei estuaryPondweed is
managed in designated areas usir

1.1.2 Mechanical removal Yes a floating mechanical harvester in
terms of the Zandvlei Estuary
Management Plan.

1. Vegetation management

1.1. Aquatic (submerged and 1 ;1 3 Bjocontrol Biocontrol agents may be release
floating) vegetation managemen to control listed alien aquatic
Yes species such as water hyacinth
dzy RSNJ 4 KS 3JdzA RI
Invasive Species Unit if required

1.1.4Chemical control No

1.15 Manipulation of water No Not applicable in this system for
levels vegetation management

Clearing reeds and sedges from a
diversion canal near the entrance
of the Sand River. Clearing
vegetation from areas in froraf
stormwater pipe openings
throughout estuary.

1.2.1 Manual removal Yes

Clearing reeds and sedges from a
diversion canal near the entrance
of the Sand River. Clearing
vegetation from areas in front of
1.2. Reedbednd indigenous stormwater pipe openings
emergent vegetation throughout estuary.

management

1.2.2Mechanical removal Yes

1.2.3. Chemical control No

Prescribed burning of e.g.
senescenteedbedsis occasionally
undertaken by the Biodiversity

1.2.4 Burning Yes Management Branch in terms of
the Zandvlei Integrated Reserve
Management PlafFire
Management Plan)

1.25 Manipulation of water No Not applicable irthis system for
levels vegetation management

g ANCHOR
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MAINTENANCE/MANAGEMEN
MEASURE

1.3.Riparian / marginal
vegetation management

2. Erosion control

3. Sediment Management

INTERVENTION SUBPE

1.3.1 Manual removal Yes

1.3.2 Mechanical removal Yes

1.3.3 Biocontral

No
1.3.4 Chemical control

Yes
1.3.5Burning

Yes
2.1Estuary banlprofile Yes

enhancement

2.2 Construction,
maintenanceand expansion Yes
of erosion control structures

3.1 Construction,
maintenance and expansion No
of sedimenttraps.

3.2 Manual/mechanical

sediment removal from Yes
sediment traps/retention

16

REQUIRED IN
ZANDVLEI
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DESCRIPTION ANDCATION

Associated with proposed bank-re
profiling and rehabilitation
between the yacht club and the
estuary mouth (refer to 2.1 below)
Removal of alienegetation occurs
throughout the system.

Associated with proposed bank-re
profiling and rehabilitation
between the yacht club and the
estuary mouth (refer to2.1 below).
Will also be required to create
access for longoomexcavator to
be used for approved dredging of
marine sediments in lower estuary

Herbicides and foliar sprays used
when appropriate in conjunction
with manual clearing of alien
vegetation.

Prescribed ecological burns and
burning of wit brushmaterial
generated from alierclearing,
rehabilitation efforts All burning is
undertakenby the Biodiversity
Management Brancin terms of
the Zandvlei Integrate®eserve
Management PlaiFre
Management Plan)

Qutting backand profilingbanks
approximately 10m widen the
lower reaches oéstuary, between
the yacht club and the mouth
Followed by rehabilitation
including theplanting of
indigenous sedges and reeds.

Maintenance of concrete canal
walls and walkway at mouth.

Maintenance of revetments e.g.
wooden pole guniteand cement
blockbanks

Maintenance of gabion works
around bridge structures e.g. the
pedestrian bridge at Albertyn Rd.

Erosion control measures requirec
to protect road in municipal
caravan park

Removal of marine sediment
sandbar in lower reaches of
ZandvleiAs described immended
Mouth Management Plan (DEADF
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MAINTENANCE/MANAGEMEN

MEASURE

4. Channel Enclosure

5. Litter and debris management

6. Construction, maintenance
and expansion of minor
stormwater infrastructure

7. Maintenance of attenuation
infrastructure

INTERVENTION SUBPE

areas

3.3 Manual/mechanical
sediment removal from
canals, channels and
waterbodies

4.1 Conversion of an oper
channel to an enclosed pipe
culvert system

5.1 Litter and debris removal
using either mechanical or
manual methods

5.2 Removal of structures to
reduce water obstruction

5.3 Construction
maintenance an@xpansion
of litter management
infrastructure

6.1 Stormwater outletsgam
scour valves, heavdhlls and
culverts

7.1 Weirs

7.2 Retention / detention
ponds and dams registered i
terms of the National Water
Act as dams with a Safety
Risk

7.3 Flood protection
embankments / berms

7.4 SUDS facilities
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REQUIRED IN
ZANDVLEI

Yes

No

Yes

No

Yes

Yes

Yes

No

No

No

&

DESCRIPTION ANDCATION

reference number
(16/3/1/6/A6/46/2105/14).

Removal of silt from all three
inflowing rivers/canals and from
the depositional area in the upper
region of the estuary.

Removal of sediment from
numerous stormwater outlets if
blocked.

Sediment removal from the
existing diversion channel near the
inflow of the Sand River.

Removal of organic sediments froi
artificial Marina da Gama canals if
required.

Removal of illegally dumped
material as and when required.

Installation of new litter traps at
stormwater outlets and/or
inflowing rivers/ canals.

Repair of existing littetraps at
Sand River inflow and elsewhere ¢
required.

Construction and repair ofudlets,
headwalls anatulvertsthroughout
the system as needed

Repairs to and possible
replacement of the centrealtpan
weir.

Rubble weir below Royal Road
bridge is lowered/ raised as
required to manipulatevater
levels. As described in amended
Mouth Management Plan (DEADF
reference number
(16/3/1/6/A6/46/2105/14).
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MAINTENANCE/MANAGEMEN

MEASURE

8. Recreational access

9. Management of river /
estuary mouth

INTERVENTION SUBPE REQUIRED IN

ZANDVLEI

7.5 Other dams / ponds No

Yes
8.1 Construction
maintenanceand expansion
of footbridges boardwalksor
bird hides
9.1 Breaching: removal of
sand bars deposited in Yes
mouth
9.2 Straightening: redirecting
meandering mouth across No

the shortest routedirectly
towards the sea

18
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DESCRIPTION ANDCATION

Installation of footpaths on estuary
banks in lower reaches sfstem.

Boardwalks and bird hides
throughout the system as part of
the continuing development and
maintenance of the Greater
Zandvlei Nature Reserve.

Water levels are actively managec
through artificial breachingand
closure of the mouti{removal and
re-instatement of sandbarfo
prevent flooding and to ensure
water levels are sufficient for
recreational activitiesThe process
also ensures regular inflvs of sea
water which assists with faunal
movement and water quality
managementAs described in
amended Mouth Management
Plan (DEADP reference number
(16/3/1/6/A6/46/2105/14).

Not applicable as the outlet is
contained within existing concrete
walls.
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Figure2. Location of required mairgnance measures within the northern section of the Zandvlei estuary.
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