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Glossary 

(source DWAF – RDM Wetland Ecosystems 1999, unless otherwise stated) 

 

Aerobic: having molecular oxygen (O2) present. 

Anaerobic: not having molecular oxygen (O2) present. 

Anthropogenic: of human creation 

Biota:  living things; plants, animals, bacteria 

Bottomland: the lowlands along streams and rivers, on alluvial (river deposited) soil. 

Chroma: the relative purity of the spectral colour, which decreases with increasing greyness. 

Delineation (of a wetland): to determine the boundary of a wetland based on soil, vegetation, and/or 

hydrological indicators (see definition of a wetland). 

Endorheic: closed drainage e.g. a pan. 

Floristic:  of flora (plants). 

Floodplain:  Wetland inundated when a river overtops its banks during flood events resulting in the wetland 

soils being saturated for extended periods of time. 

Gley: soil material that has developed under anaerobic conditions as a result of prolonged saturation with 

water.  Grey and sometimes blue or green colours predominate but mottles (yellow, red, brown and black) may 

be present and indicate localised areas of better aeration. 

Groundwater: subsurface water in the zone in which permeable rocks, and often the overlying soil, are 

saturated under pressure equal to or greater than atmospheric. 

Groundwater table: the upper limit of the groundwater. 

Horizon: see soil horizons. 

Hydric soil: soil that in its undrained condition is saturated or flooded long enough during the growing season 

to develop anaerobic conditions favouring the growth and regeneration of hydrophytic vegetation (vegetation 

adapted to living in anaerobic soils). 

Hydrophyte: any plant that grows in water or on a substratum that is at least periodically deficient in oxygen 

as a result of soil saturation or flooding; plants typically found in wet habitats. 

Hydrology:  the study of water, particularly the factors affecting its movement on land. 

Hue (of colour): the dominant spectral colour (e.g. red). 

Infilling or Fill: dumping of soil or solid waste onto the wetland surface.  Infilling generally has a very high and 

permanent impact on wetland functioning and is similar to drainage in that the upper soil layers are rendered 

less wet, usually so much so that the area no longer functions as a wetland. 

Lacustrine: Lacustrine systems (e.g. lakes & dams) are wetlands that are situated in a topographic depression 

or a dammed river channel, have a total area greater than 8 ha and surface area coverage by mosses, lichens, 

trees, shrubs or persistent emergents of less than 30%. 

Marsh: a wetland dominated by emergent herbaceous vegetation (usually taller than 1 m), such as the 

common reed (Phragmites australis) which may be seasonally wet but are usually permanently or semi-

permanently wet. 

Mottles: soils with variegated colour patters are described as being mottled, with the "background colour" 

referred to as the matrix and the spots or blotches of colour referred to as mottles. 

Munsell colour chart: A standardized colour chart which can be used to describe hue (i.e. its relation to red, 

yellow, green, blue, and purple), value (i.e. its lightness) and chroma (i.e. its purity).  Munsell colour charts are 

available which show that portion commonly associated with soils, which is about one fifth of the entire range. 

Organic soil material: soil material with a high abundance of undecomposed plant material and humus.  

According to the Soil Classification Working Group (1991) an organic soil horizon must have at least 10% 

organic carbon by weight throughout a vertical distance of 200 mm and be saturated for long periods in the 

year unless drained.  According to the Soil Survey Staff (1975) definition, in order for a soil to be classed as 

organic it must have >12% organic carbon by weight if it is sandy and >18% if it is clay-rich. 
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Permanently wet soil: soil which is flooded or waterlogged to the soil surface throughout the year, in most 

years. 

Riparian: the area of land adjacent to a stream or river that is influenced by stream-induced or related 

processes.  Riparian areas which are saturated or flooded for prolonged periods would be considered wetlands 

and could be described as riparian wetlands.  However, some riparian areas are not wetlands (e.g. an area 

where alluvium is periodically deposited by a stream during floods but which is well drained). 

Runoff: total water yield from a catchment including surface and subsurface flow. 

Seasonally wet soil:  soil which is flooded or waterlogged to the soil surface for extended periods (>1 month) 

during the wet season, but is predominantly dry during the dry season. 

Sedges: Grass-like plants belonging to the family Cyperaceae, sometimes referred to as nutgrasses.  Papyrus 

is a member of this family. 

Soil drainage classes: describe the soil moisture conditions as determined by the capacity of the soil and the 

site for removing excess water.  The classes range from very well drained, where excess water is removed 

very quickly, to very poorly drained, where excess water is removed very slowly.  Wetlands include all soils in 

the very poorly drained and poorly drained classes, and some soils in the somewhat poorly drained class.  

These three classes are roughly equivalent to the permanent, seasonal and temporary classes 

Soil horizons: layers of soil that have fairly uniform characteristics and have developed through pedogenic 

processes; they are bound by air, hard rock or other horizons (i.e. soil material that has different 

characteristics). 

Soil profile: the vertically sectioned sample through the soil mantle, usually consisting of two or three horizons 

(Soil Classification Working Group, 1991). 

Soil saturation: the soil is considered saturated if the water table or capillary fringe reaches the soil surface 

(Soil Survey Staff, 1992). 

Temporarily wet soil: The soil close to the soil surface (i.e. within 50 cm) is wet for periods > 2 weeks during 

the wet season in most years.  However, it is seldom flooded or saturated at the surface for longer than a 

month. 

Terrain unit classes: areas of the land surface with homogenous form and slope.  Terrain may be seen as 

being made up of all or some of the following units: crest (1), scarp (2), midslope (3), footslope (4) and valley 

bottom (5). 

Transpiration: the transfer of water from plants into the atmosphere as water vapour 

Value (soil colour): the relative lightness or intensity of colour. 

Vlei: a colloquial South African term for wetland. 

Water regime: When and for how long the soil is flooded or saturated. 

Water quality: the purity of the water. 

Waterlogged: soil or land saturated with water long enough for anaerobic conditions to develop. 

Wetland: land which is transitional between terrestrial and aquatic systems where the water table is usually at 

or near the surface, or the land is periodically covered with shallow water, and which under normal 

circumstances supports or would support vegetation typically adapted to life in saturated soil (Water Act 36 of 

1998); land where an excess of water is the dominant factor determining the nature of the soil development 

and the types of plants and animals living at the soil surface (Cowardin et al., 1979). 

Wetland catchment:  the area up-slope of the wetland from which water flows into the wetland and including 

the wetland itself. 

Wetland delineation: the determination and marking of the boundary of a wetland on a map 
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1 INTRODUCTION 

 

EnviroSci (Pty) Ltd was appointed to assess the potential impact on wetlands and waterbodies, posed by 

the animal rehabilitation centre within a portion of Erf 2103 (Figure 1).  The report author conducted 

the original wetland assessment of the property in 2018, which included a residential development which 

was then approved by Department of Environmental Affairs & Development Planning (DEA&DP).  As part 

of that assessment a Present Ecological State (PES) assessment of the aquatic systems within the 

alignment footprint as well as within a 500m radius of the based on a site visit conducted in December 

2017 was conducted.  However, the landowner wishes to amendment the Environmental Authorisation 

from residential development to that described later in this report.  Any significant amendments to this 

wetland assessment are indicated in red.  This report will thus also form part of the Water Use License 

Application (WULA) if required by the National Department of Water and Sanitation (DWS), however as 

the development is located within the defined estuarine zone, no Water Use Licences will be required. 

 

1.2 Terms of Reference 

 

The following scope of work was thus used as the basis of this study in order to fulfil the above 

requirements: 

• A desktop aquatic biodiversity assessment of the study area. This covers the site footprint in relation 
to the wetland and saltmarsh ecosystems functioning within the region compared to the proposed 
development and that that was authorised. 

• Provide a map demarcating the relevant local drainage area of the respective wetland/s, i.e. the 
wetland, its respective catchment and other wetland areas within a 500m radius of the study area.  
This will demonstrate, from a holistic point of view the connectivity between the site and the 
surrounding regions, i.e. the zone of influence. 

• The maps depicting demarcated wetland areas delineated to a scale of 1:10 000, following the 
methodology described by the DWAF (2005/2008), together with a classification of delineated 
wetland areas, according to the methods contained in the Level 1 WET-Health methodology and the 
latest National Wetland Classification System (Ollis et al. 2013).   

• The determination of the ecological state of any wetland areas, estimating their biodiversity, 
conservation and ecosystem function importance with regard ecosystem services and linkages to 
other systems.   

• A separate Risk Assessment Matrix in the required DWS format (Appendix A), for them to determine 
if a General Authorisation (GA) A versus a full Water License for any Section 21 c & i activities if 
required. 

• Provide mitigations regarding project related impacts, including engineering services that could 
negatively affect demarcated wetland areas.   

• Supply the client with geo-referenced GIS shape files of the wetland / riverine areas. 

• Provide one draft report for comment, with a maximum of two rounds of comments addressed. 
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1.3 Project Description – Amendment 

• Rehabilitation Centre of ±60m²; 

• 10x Kennel dog huts (2m x 3m ea) with a footprint of 6m² within 10x10m fencing each (total area 

±1000m²); 

• 3x Kennel dog huts (2m x3m ea) with a footprint of 6m² within 5x5m fencing each (total area 

±75m²); 

• Training Centre of ±110m²; 

• 2 x Cottages with a footprint of ±76m²; 

• Access and parking of ±1780m². 

 

The entrance and access road and previous guest parking area will be retained.  Thus the proposed 

coverage for the facility is ±3101m² where the approved coverage is ±4302m².    

 

It must be noted that the approved layout included a basement to the residence whereas the revised 

proposal will not.  All structures will be raised above ground on stilts, including the dog kennels. 
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Figure 1: Locality map with the proposed development boundary (red box) in relation to the surrounding environment and the authorised 

development layout 
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2 STUDY APPROACH 

 

This study will follow the approaches of several national guidelines with regards to wetland assessment.  

These have been modified by the author, to provide a relevant mechanism of assessing the present state 

of the study systems, applicable to the specific environment and in a clear and objective means assess 

the potential impacts. 

 

Current water resource classification systems make use of the Hydrogeomorphic (HGM) approach, and 

for this reason, the National Wetland Classification System approach will be used in this study.  It is also 

important to understand wetland definition, means of assessing wetland conservation and importance as 

well as understanding the pertinent legislation with regards to protecting wetlands.  These aspects will be 

discussed in greater depth in this section of report, as they form the basis of the study approach to 

assessing wetland impacts. 

 

1.1 Wetland classification systems 

 

Since the late 1960’s, wetland classification systems have undergone a series of international and 

national revisions. These revisions allowed for the inclusion of additional wetland types, ecological and 

conservation rating metrics, together with a need for a system that would allude to the functional 

requirements of any given wetland (Ewart-Smith et al., 2006). Wetland function is a consequence of biotic 

and abiotic factors, and wetland classification should strive to capture these aspects. 

 

The South African National Biodiversity Institute (SANBI) in collaboration with a number of specialists 

and stakeholders developed the newly revised and now accepted National Wetland Classification 

Systems (Ollis et al., 2013). This system comprises a hierarchical classification process of defining a 

wetland based on the principles of the hydrogeomorphic (HGM) approach at higher levels, with including 

structural features at the finer or lower levels of classification (Ollis et al., 2013). 

 

Wetlands develop in a response to elevated water tables, linked either to rivers, groundwater flows or 

seepage from aquifers (Parsons, 2004). These water levels or flows then interact with localised geology 

and soil forms, which then determines the form and function of the respective wetlands. Water is thus the 

common driving force, in the formation of wetlands (DWAF, 2005).  It is significant that the HGM approach 

has now been included in wetland classification as the HGM approach has been adopted throughout the 

water resources management realm with regards to the determination of the Present Ecological State 

(PES) and Ecological Importance and Sensitivity (EIS) and WET-Health assessments for aquatic 

environments.  All of these systems are then easily integrated using the HGM approach in line with the 

Eco-classification process of river and wetland reserve determinations used by the Department of Water 

Affairs. The Ecological Reserve of a wetland or river is used by DWS to assess the water resource 

allocations when assessing water use license applications (WULA).  
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The NWCS process is provided in more detail in the methods section of the report, but some of the terms 

and definitions used in this document are present below: 

 

Definition Box 
Present Ecological State is a term for the current ecological condition of the resource. This is assessed relative to the deviation from 

the Reference State. Reference State/Condition is the natural or pre-impacted condition of the system. The reference state is 

not a static condition, but refers to the natural dynamics (range and rates of change or flux) prior to development. The PES is 

determined per component - for rivers and wetlands this would be for the drivers: flow, water quality and geomorphology; and 

the biotic response indicators: fish, macroinvertebrates, riparian vegetation and diatoms. PES categories for every component 

would be integrated into an overall PES for the river reach or wetland being investigated. This integrated PES is called the 

EcoStatus of the reach or wetland.  

EcoStatus is the overall PES or current state of the resource. It represents the totality of the features and characteristics of a river 

and its riparian areas or wetland that bear upon its ability to support an appropriate natural flora and fauna and its capacity to 

provide a variety of goods and services. The EcoStatus value is an integrated ecological state made up of a combination of 

various PES findings from component EcoStatus assessments (such as for invertebrates, fish, riparian vegetation, 

geomorphology, hydrology and water quality). 

Reserve: The quantity and quality of water needed to sustain basic human needs and ecosystems (e.g. estuaries, rivers, lakes, 

groundwater and wetlands) to ensure ecologically sustainable development and utilisation of a water resource.  The Ecological 

Reserve pertains specifically to aquatic ecosystems. 

Reserve requirements: The quality, quantity and reliability of water needed to satisfy the requirements of basic human needs and 

the Ecological Reserve (inclusive of instream requirements). 

Ecological Reserve determination study:  The study undertaken to determine Ecological Reserve requirements.   

Licensing applications: Water users are required (by legislation) to apply for licenses prior to extracting water resources from a water 

catchment.  

Ecological Water Requirements: This is the quality and quantity of water flowing through a natural stream course that is needed to 

sustain instream functions and ecosystem integrity at an acceptable level as determined during an EWR study. These then form 

part of the conditions for managing achievable water quantity and quality conditions as stipulated in the Reserve Template 

Water allocation process (compulsory licensing):  This is a process where all existing and new water users are requested to 

reapply for their licenses, particularly in stressed catchments where there is an over-allocation of water or an inequitable 

distribution of entitlements.  

Ecoregions are geographic regions that have been delineated in a top-down manner on the basis of physical/abiotic factors. • NOTE: 

For purposes of the classification system, the ‘Level I Ecoregions’ for South Africa, Lesotho and Swaziland (Kleynhans et al. 

2005), which have been specifically developed by the Department of Water Affairs & Forestry (DWAF) for rivers but are used for 

the management of inland aquatic ecosystems more generally, are applied at Level 2A of the classification system. These 

Ecoregions are based on physiography, climate, geology, soils and potential natural vegetation. 

 

2.2 Wetland definition 

 

Although the National Wetland Classification System (Ollis et al., 2013) is used to classify wetland types 

it is still necessary to understand the definition of a wetland. Terminology currently strives to characterise 

a wetland not only on its structure (visible form), but also to relate this to the function and value of any 

given wetland.   

 

The Ramsar Convention definition of a wetland is widely accepted as “areas of marsh, fen, peatland 

or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, 

fresh, brackish or salt, including areas of marine water the depth of which at low tide does not 

exceed six metres” (Davis 1994). South Africa is a signatory to the Ramsar Convention and therefore 

its extremely broad definition of wetlands has been adopted for the proposed NWCS, with a few 

modifications. 

 

Whereas the Ramsar Convention included marine water to a depth of six metres, the definition used for 

the NWCS extends to a depth of ten metres at low tide, as this is recognised as the seaward boundary 

of the shallow photic zone (Lombard et al., 2005). An additional minor adaptation of the definition is the 
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removal of the term ‘fen’ as fens are considered a type of peatland. The adapted definition for the NWCS 

is, therefore, as follows (Ollis et al., 2013): 

 

WETLAND: an area of marsh, peatland or water, whether natural or artificial, permanent or temporary, 

with water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of 

which at low tide does not exceed ten metres. 

 

This definition encompasses all ecosystems characterised by the permanent or periodic presence of 

water other than marine waters deeper than ten metres. The only legislated definition of wetlands in South 

Africa, however, is contained within the National Water Act (Act No. 36 of 1998) (NWA), where wetlands 

are defined as “land which is transitional between terrestrial and aquatic systems, where the water table 

is usually at, or near the surface, or the land is periodically covered with shallow water and which land in 

normal circumstances supports, or would support, vegetation adapted to life in saturated soil.” This 

definition is consistent with more precise working definitions of wetlands and therefore includes only a 

subset of ecosystems encapsulated in the Ramsar definition. It should be noted that the NWA definition 

is not concerned with marine systems and clearly distinguishes wetlands from estuaries, classifying the 

later as a water course (Ollis et al., 2013). Table 1 provides a comparison of the various wetlands included 

within the main sources of wetland definitions used in South Africa.   

 

Although a subset of Ramsar-defined wetlands was used as a starting point for the compilation of the first 

version of the National Wetland Inventory (i.e. “wetlands”, as defined by the National Water Act, together 

with open waterbodies), it is understood that subsequent versions of the Inventory include the full suite 

of Ramsar-defined wetlands in order to ensure that South Africa meets its wetland inventory obligations 

as a signatory to the Convention (Ollis et al., 2013). 

 

Wetlands must therefore have one or more of the following attributes to meet the above definition (DWAF, 

2005): 

• A high water table that results in the saturation at or near the surface, leading to anaerobic 
conditions developing in the top 50 cm of the soil.  

• Wetland or hydromorphic soils that display characteristics resulting from prolonged saturation, 
i.e. mottling or grey soils 

• The presence of, at least occasionally, hydrophilic plants, i.e. hydrophytes (water loving plants). 
 
It should be noted that riparian systems that are not permanently or periodically inundated are not 
considered true wetlands, i.e. those associated with the drainage lines. 
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Table 1: Comparison of ecosystems considered to be ‘wetlands’ as defined by the proposed 

NWCS, the National Water Act (Act No. 36 of 1998), and ecosystems included in DWAF’s (2005) 

delineation manual. 

 
Ecosystem NWCS “wetland” National Water Act 

wetland 

DWAF (2005) 

delineation manual 

Marine YES NO NO 

Estuarine YES NO NO 

Waterbodies deeper than 2 m (i.e. 

limnetic habitats often describes as lakes 

or dams) 

YES NO NO 

Rivers, channels and canals YES NO1 NO 

Inland aquatic ecosystems that are not 

river channels and are less than 2 m deep 

YES YES YES 

Riparian2 areas that are permanently / 

periodically inundated or saturated with 

water within 50 cm of the surface 

YES YES YES3 

Riparian 2 areas that are not permanently 

/ periodically inundated or saturated with 

water within 50 cm of the surface 

NO NO YES3 

 
1 Although river channels and canals would generally not be regarded as wetlands in terms of the National 

Water Act, they are included as a ‘watercourse’ in terms of the Act 
2 According to the National Water Act and Ramsar, riparian areas are those areas that are saturated or 

flooded for prolonged periods would be considered riparian wetlands, opposed to non –wetland riparian 

areas that are only periodically inundated and the riparian vegetation persists due to having deep root 

systems drawing on water many meters below the surface. 
3 The delineation of ‘riparian areas’ (including both wetland and non-wetland components) is treated 

separately to the delineation of wetlands in DWAF’s (2005) delineation manual. 

 

2.3 National Wetland Classification System method 

 

During this study due to the nature of the wetlands and watercourses observed, it was decided that the 

newly accepted National Wetlands Classification System (NWCS) be adopted. This classification 

approach has integrated aspects of the HGM approach used in the WET-Health system as well as the 

widely accepted eco-classification approach used for rivers. 

 

The NWCS (Ollis et al., 2013) as stated previously, uses hydrological and geomorphological traits to 

distinguish the primary wetland units, i.e. direct factors that influence wetland function. Other wetland 

assessment techniques, such as the DWAF (2005) delineation method, only infer wetland function based 

on abiotic and biotic descriptors (size, soils & vegetation) stemming from the Cowardin approach (OLLIS 

ET AL., 2013). 

 
The classification system used in this study is thus based on Ollis et al. (2013) and is summarised below: 

 

The NWCS has a six tiered hierarchical structure, with four spatially nested primary levels of classification 

(Figure 2). The hierarchical system firstly distinguishes between Marine, Estuarine and Inland 

ecosystems (Level 1), based on the degree of connectivity the particular system has with the open ocean 

(greater than 10 m in depth). Level 2 then categorises the regional wetland setting using a combination 

of biophysical attributes at the landscape level, which operate at a broad bioregional scale.  
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This is opposed to specific attributes such as soils and vegetation.  Level 2 has adopted the following 

systems: 

• Inshore bioregions (marine) 

• Biogeographic zones (estuaries) 

• Ecoregions (Inland) 

 

Level 3 of the NWCS assess the topographical position of inland wetlands as this factor broadly defines 

certain hydrological characteristics of the inland systems. Four landscape units based on topographical 

position are used in distinguishing between Inland systems at this level. No subsystems are recognised 

for Marine systems, but estuaries are grouped according to their periodicity of connection with the marine 

environment, as this would affect the biotic characteristics of the estuary.  

 

Level 4 classifies the hydrogeomorphic (HGM) units discussed earlier. The HGM units are defined as 

follows: 

(i) Landform – shape and localised setting of wetland 

(ii) Hydrological characteristics – nature of water movement into, through and out of the wetland 

(iii) Hydrodynamics – the direction and strength of flow through the wetland 

 

These factors characterise the geomorphological processes within the wetland, such as erosion and 

deposition, as well as the biogeochemical processes. 

 

Level 5 of the assessment pertains to the classification of the tidal regime within the marine and estuarine 

environments, while the hydrological and inundation depth classes are determined for the inland 

wetlands. Classes are based on frequency and depth of inundation, which are used to determine the 

functional unit of the wetlands and are considered secondary discriminators within the NWCS. 

 

Level 6 uses six descriptors to characterise the wetland types on the basis of biophysical features.  As 

with Level 5, these are non-hierarchal in relation to each other and are applied in any order, dependent 

on the availability of information.  The descriptors include: 

(i) Geology; 

(ii) Natural vs. Artificial; 

(iii) Vegetation cover type; 

(iv) Substratum; 

(v) Salinity; and  

(vi) Acidity or Alkalinity. 

 

It should be noted that where sub-categories exist within the above descriptors, hierarchical systems are 

employed, and these are thus nested in relation to each other.  

 

The HGM unit (Level 4) is the focal point of the NWCS, with the upper levels (Figure 3 – Inland systems 

only) providing means to classify the broad bio-geographical context for grouping functional wetland units 

at the HGM level, while the lower levels provide more descriptive detail on the particular wetland type 

characteristics of a particular HGM unit. Therefore Level 1 – 5 deals with functional aspects, while Level 

6 classifies wetlands on structural aspects. 
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Figure 2: Basic structure of the National Wetland Classification System, showing how ‘primary 

discriminators’ are applied up to Level 4 to classify Hydrogeomorphic (HGM) Units, with 

‘secondary discriminators’ applied at Level 5 to classify the tidal/hydrological regime, and 

‘descriptors’ applied at Level 6 to categorise the characteristics of wetlands classified up to Level 

5 (From Ollis et al., 2013). 

 

 

 
 

Figure 3: Illustration of the conceptual relationship of HGM Units (at Level 4) with higher and lower 

levels (relative sizes of the boxes show the increasing spatial resolution and level of detail from 

the higher to the lower levels) for Inland Systems (from Ollis et al., 2013). 
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2.4 Wetland condition  

 

To assess the Present Ecological State (PES) or condition of the observed wetlands, a modified Wetland 

Index of Habitat Integrity (DWAF, 2007) was used. The Wetland Index of Habitat Integrity (WETLAND-

IHI) is a tool developed for use in the National Aquatic Ecosystem Health Monitoring Programme 

(NAEHMP), formerly known as the River Health Programme (RHP). The output scores from the 

WETLAND-IHI model are presented in the standard DWAF A-F ecological categories (Table 2), and 

provide a score of the Present Ecological State of the habitat integrity of the wetland system being 

examined. The author has included additional criteria into the model based system to include additional 

wetland types. This system is preferred when compared to systems such as WET-Health – wetland 

management series (WRC 2009), as WET-Health (Level 1) was developed with wetland rehabilitation in 

mind, and is not always suitable for impact assessments.  This coupled with the degraded state of the 

wetlands in the study area, indicated that a complex study approach was not warranted, i.e. conduct a 

Wet-Health Level 2 and WET-Ecosystems Services study required for an impact assessment. 

 

Table 2: Description of A – F ecological categories based on Kleynhans et al., (2005) 

 

ECOLOGICAL 

CATEGORY 
ECOLOGICAL DESCRIPTION MANAGEMENT PERSPECTIVE 

A 

 
Unmodified, natural. 

Protected systems; relatively 

untouched by human hands; no 

discharges or impoundments 

allowed 

 

B 

 

 

Largely natural with few modifications. A small 

change in natural habitats and biota may have 

taken place but the ecosystem functions are 

essentially unchanged. 

Some human-related 

disturbance, but mostly of low 

impact potential 

 

 

C 

 

Moderately modified. Loss and change of natural 

habitat and biota have occurred, but the basic 

ecosystem functions are still predominantly 

unchanged. 

Multiple disturbances 

associated with need for socio-

economic development, e.g. 

impoundment, habitat 

modification and water quality 

degradation 

 

D 

 

Largely modified. A large loss of natural habitat, 

biota and basic ecosystem functions has occurred. 

 

E 

 

Seriously modified. The loss of natural habitat, 

biota and basic ecosystem functions is extensive. 
Often characterized by high 

human densities or extensive 

resource exploitation.  

Management intervention is 

needed to improve health, e.g. 

to restore flow patterns, river 

habitats or water quality 

F 

Critically / Extremely modified. Modifications have 

reached a critical level and the system has been 

modified completely with an almost complete loss 

of natural habitat and biota. In the worst instances 

the basic ecosystem functions have been 

destroyed and the changes are irreversible. 
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The WETLAND-IHI model is composed of four modules. The “Hydrology”, “Geomorphology” and “Water 

Quality” modules all assess the contemporary driving processes behind wetland formation and 

maintenance. The last module, “Vegetation Alteration”, provides an indication of the intensity of human 

landuse activities on the wetland surface itself and how these may have modified the condition of the 

wetland. The integration of the scores from these 4 modules provides an overall Present Ecological State 

(PES) score for the wetland system being examined. The WETLAND-IHI model is an MS Excel-based 

model, and the data required for the assessment are generated during a rapid site visit.  

 

Additional data may be obtained from remotely sensed imagery (aerial photos; maps and/or satellite 

imagery) to assist with the assessment. The interface of the WETLAND-IHI has been developed in a 

format which is similar to DWA’s River EcoStatus models which are currently used for the assessment of 

PES in riverine environments.  

 

2.5 Wetland importance and function 

 

South Africa is a Contracting Party to the Ramsar Convention on Wetlands, signed in Ramsar, Iran, in 

1971, and has thus committed itself to this intergovernmental treaty, which provides the framework for 

the national protection of wetlands and the resources they could provide. Wetland conservation is now 

driven by the South African National Biodiversity Institute, a requirement under the National 

Environmental Management: Biodiversity Act (No 10 of 2004). 

 

Wetlands are among the most valuable and productive ecosystems on earth, providing important 

opportunities for sustainable development (Davies and Day, 1998). However, wetlands in South Africa 

are still rapidly being lost or degraded through direct human induced pressures (Nel et al., 2004).  

 

The most common attributes or goods and services provided by wetlands include: 

• Improve water quality; 

• Impede flow and reduce the occurrence of floods; 

• Reeds and sedges used in construction and traditional crafts; 

• Bulbs and tubers, a source of food and natural medicine; 

• Store water and maintain base flow of rivers; 

• Trap sediments; and 

• Reduce the number of water borne diseases. 
 

In terms of this study, the wetlands provide ecological (environmental) value to the area acting as refugia 

for various wetland associated plants, butterflies and birds.  

 

In the past wetland conservation has focused on biodiversity as a means of substantiating the protection 

of wetland habitat. However not all wetlands provide such motivation for their protection, thus wetland 

managers and conservationists began assessing the importance of wetland function within an ecosystem. 

 

Table 3 summarises the importance of wetland function when related to ecosystem services or 

ecoservices (Kotze et al., 2008). One such example is emergent reed bed wetlands that function as 

transformers converting inorganic nutrients into organic compounds (Mitsch and Gosselink, 2000).   
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Table 3: Summary of direct and indirect ecoservices provided by wetlands from Kotze et al., 2008 
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Sediment trapping 

Phosphate assimilation 

Nitrate assimilation 

Toxicant assimilation 

Erosion control 

Carbon storage 

Biodiversity maintenance 
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 Provision of water for human use 

Provision of harvestable resources2 

Provision of cultivated foods 

Cultural significance 

Tourism and recreation 

Education and research 

 

Conservation importance of the individual wetlands was based on the following criteria: 

• Habitat uniqueness 

• Species of conservation concern 

• Habitat fragmentation with regard ecological corridors 

• Ecosystem service (social and ecological) 

 

The presence of any or a combination of the above criteria would result in a HIGH conservation rating if 

the wetland was found in a near natural state (high PES).  Should any of the habitats be found modified 

the conservation importance would rate as MEDIUM, unless a Species of conservation concern was 

observed (HIGH). Any system that was highly modified (low PES) or had none of the above criteria, 

received a LOW conservation importance rating. Wetlands with HIGH and MEDIUM ratings should thus 

be excluded from development with incorporation into a suitable open space system, with the maximum 

possible buffer being applied.  Natural wetlands or Wetlands that resemble some form of the past 

landscape, but receive a LOW conservation importance rating could be included into stormwater 

management features, and should not be developed so as to retain the function of any ecological 

corridors.  The proposed treatment facility and roads upgrades is not located in any of these areas, i.e. 

transformed wetland, no longer resembling the estuarine floodplain systems.  

 

2.6 Relevant wetland legislation and policy 

 

Locally the South African Constitution, seven (7) Acts and two (2) international treaties allow for the 

protection of wetlands and rivers.  These systems are protected from destruction or pollution by the 

following: 

 

• Section 24 of The Constitution of the Republic of South Africa; 

• Agenda 21 – Action plan for sustainable development of the Department of Environmental Affairs and 

Tourism (DEAT) 1998; 

• The Ramsar Convention, 1971 including the Wetland Conservation Programme (DEAT) and the 

National Wetland Rehabilitation Initiative (DEAT, 2000); 

• National Environmental Management Act (NEMA), 1998 (Act No. 107 of 1998) inclusive of all 

amendments, as well as the NEM: Biodiversity Act; 

• National Water Act, 1998 (Act No. 36 of 1998); 

• Conservation of Agricultural Resources Act, 1983 (Act No. 43 of 1983); and 

• Minerals and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002). 
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• Nature and Environmental Conservation Ordinance (No. 19 of 1974) 

• National Forest Act (No. 84 of 1998) 

• National Heritage Resources Act (No. 25 of 1999) 

 

NEMA and the Conservation of Agricultural Resources Act (CARA), 1983 (Act No. 43 of 1983) would also 

apply to this project. These Acts have categorised a large number of invasive plants together with associated 

obligations of the land owner.  A number of Category 1 & 2 plants were found at all of the sites investigated, 

thus the contractors must take extreme care to ensure the further spread of these plants doesn’t occur.  This 

should be done through proper stockpile management (topsoil) and suitable rehabilitation of disturbed areas 

after construction.   

 

Alien Invasive Plant Species observed included amongst others: 

• Acacia longifolia 

• Acacia saligna 

• Acacia mearnsii 

• Cortaderia selloana 

• Eucalyptus spp 

• Lantana camara 

• Opuntia spp.  

• Pennisetum clandestinum 

• Pinus spp 

 

2.7 Provincial legislation and policy 

 

Currently there are no accepted wetland buffers distances provided by the provincial authorities. Until 

such a system is developed, it is recommended that a 20m buffer be set for all-natural wetlands.  The 

buffer model as described Macfarlane et al., 2017 estuaries, based on the condition of the estuary, the 

state of the site, coupled to the type of development, as wells as the proposed rehabilitation of 

hydrological flows, the buffer model provided the following: 

 

1. Construction period: 12m 

2. Operation period: 10m 

 

However, as flows to the study area will be reinstated, and additional supratidal habitat will thus be 

created, it would be prudent to allow for a 20m buffer.  After the authorisation was issued, the landowner 

did follow the recommendations of this report and improvements to the existing access track crossing 

was made, and consequently the natural tidal flows with concomitant response (increase) in natural 

vegetation was noted. 

 

Other policies that are relevant include: 

• Provincial Nature Conservation Ordinance (PNCO) – Protected Flora. 

• National Freshwater Ecosystems Priority Areas – (Nel et al., 2011).  This mapping product highlights 

potential rivers and wetlands that should be earmarked for conservation on a national basis.  
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3 DESCRIPTION OF THE POTENTIALLY AFFECTED ENVIRONMENT 

 

The study site is located approximately 1.5 km South East of the Plettenberg Bay CBD and located within 

Erf 2103 along Piesang River Rd.  The site falls within one Quaternary catchment, namely the Piesang 

River (K60G), within a highly transformed portion (Plate 1) of the estuarine floodplain of this system 

(Figure 4).  

 

Figure 4 also indicates the open Water Body portion of this estuary, of which a small portion is located 

within study area Erf.  The CSIR has defined these areas as any area below the 5m contour, however as 

is shown in Figure 5, most of these areas are now developed (grazing paddocks, housing and 

infrastructure – Plate 1).  Note the CSIR spatial data is also contained in the latest version of the National 

Wetland Inventory v5.2 curated by the CSIR and SANBI (Figure 5). 

 

A large portion of the remaining supratidal areas have either dried out or have become freshwater 

dominated wetland areas. Therefore, based on site observations, the remaining natural systems were 

delineated and are presented in Figure 6.   

 

Note as the study area reach falls within an estuarine portion of the river, typical riparian systems are not 

prevalent as they act and react differently when compared to intertidal areas of a system.  Thus, for the 

purposes of this assessment, the channel delineated includes the intertidal portions of the habitat (in 

riverine terms the instream and emergent portions of the riverbank), noting that any adjoining terrestrial 

vegetation has long since been removed for most of the site.   

 

 
 

Figure 4: Project locality map indicating the K60G quaternary catchment boundary (green line) 

(Source DWS, NGI and CSIR) 
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Figure 5:  Aerial image of the study site, the Erf boundary indicating the current state of the 

surroundings (i.e. transformed and fragmented) 

 

 
Figure 6: The delineated wetland (inclusive of any intertidal zones still remaining) and the 20m 

buffer indicated around natural systems 
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The site was found to be characterized wetland areas associated with the main channel and remnants of 

the estuarine floodplain areas, which are times affected by spring high tides such as the one that occurred 

during the site visit in December 2017 (Plate 2).  The effect of the tidal intrusion was however limited by 

connectivity with the main channel, by the construction of diversion canals on the adjacent Erf, and a 

small pipe culvert within Erf 2103 (Plate 3). 

 

Based then on the 6 levels of the National Wetland Classification System, the observed wetland areas 

are typical of Estuarine Systems (Level 1), within the South Eastern Coastal Belt Ecoregion (Level 2), 

associated with floodplains (Level 4).  Several channels have now been dug adjacent to the study area, 

which are assumed to deal with stormwater management and possible flooding issues within the area. 

 

The large body of water observed in the central portion of Erf 2013, would thus be considered a Supratidal 

salt marsh.  These are defined as salt marshes that are only inundated during spring high tides but are 

still dominated by salt tolerant flora or Halophytes.  As development continued more of the floodplains 

areas were drained or reclaimed, thus reducing the effective tidal inundation areas as shown in Figure 6. 

 

Areas of the estuarine main channel, are also colonized by large reedbeds (Phragmites australis), an 

indicator of increase freshwater input, further substantiating that this area of the system occasionally 

receives tidal / marine waters (Plate 4). 

 

 
 

Plate 1: A view of the Erf 2103, showing the effects of clearing and grazing 

 



Wetland assessment amendment – June 2021 

EnviroSci (Pty) Ltd  24                                           Erf 2013 Piesang River Rd 

 
 

Plate 2:  A tidal channel within the site, that would only receive water during spring high tides 

 

 
Plate 3:  A view of the road and small culvert that currently blocks / impedes flows within the site, 

which has subsequently been improved based on recommendation made in this report 
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Plate 4:  A view of the Phragmites dominated main tidal  channel of the Piesang River, that will 

not be impacted upon by the development footprint 

 

Plant species associated with all wetland types found in the development site included the following 

facultative types, i.e. plants that occur in wetlands 60-99% of the time, some of these included the 

following: 

• Ficinia lateralis 

• Juncus kraussii 

• Phragmites australis 

• Cyperus obtusiflorus var. obtusiflorus 

• Centella asiatica 

• Typha capensis 

• Sarcocornia perennis  

 

Several alien Acacia species were also found along the banks of the observed systems (Plate 4) and 

these should be removed from the property during construction. 

 

Of interest though was the high number of coastal tree species located within isolate areas, which 

included the protected Milkwood (Sideroxylon inerme), which would seem to indicate that the area outside 

of the estuarine margins would have been forested in the past.   
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2.1 Present Ecological State and conservation importance 

 

In this study several other sources of information were also considered, which included the National 

Freshwater Ecosystems Priority Areas project completed by the CSIR (Nel et al., 2011), regional and 

national biodiversity assessments, and the latest being the National Biodiversity Assessment released by 

SANBI (Driver et al., 2012).  Note these are being updated for the 2018 National Biodiversity Assessment 

due later this year, but spatial information being used for the update was interrogated for this assessment. 

 

The Department of Water and Sanitation, as part of a Water Research Commission (WRC) project has 

initiated the revision of the 1999 Present Ecological State (PES) assessment of all rivers and riparian 

associated “wetlands” on a national basis.  A team lead by the SC&A has completed the assessment of 

the sub-quaternary catchment found in the study region. Their assessment has indicated that the systems 

found in the study area all have a PES of E (Critically modified). This is due to current estimates that 

between 18 – 25 % of the natural catchment remains within the Subquaternary catchments associated 

within the study area.  The estuarine portion of the catchment (functional zone was rated as PES = C or 

Moderately Modified, by the CSIR lead team (DWS 2014). 

 

In this assessment the wetlands, which are modified would be still be assigned a MODERATE – HIGH 

Ecological Importance and Sensitivity Score due to the habitat created (reedbeds were frequented by a 

high number of bird species) and these area trap and filter any surface run-off downstream areas. This 

conservation rating is further substantiated as portions of the site, form part of the Garden Route Initiative 

Critical Biodiversity Area as part of the Garden Route Biodiversity Section Plan (Figure 7) (Holness et al., 

2010), linked to aquatic zones within the Piesang River valley.   

 

This was found comparable to the more recently revised Western Cape Biodiversity Spatial Plan or 

WCBSP 2017 (Pool-Stanvliet, et al. 2017) as shown in Figure 8.  What the WCBSP has indicated is that 

the study area includes areas that are listed a Critical Biodiversity Areas Type 1 and Type 2, linked to the 

river, estuary and terrestrial forest mapped for the WCBSP project.  That project also mapped Ecological 

Support Areas Type 1 and 2 areas within the Erf. 

 

None of the new hard engineered structures (Figure 8) will be in the CBA or ESA, areas, but it is also 

reiterated that this study area is being treated as being part of the estuarine function zone, as defined by 

a team of experts that have supplied the data for the revised National Wetland Inventory ver 5.2 (Figure 

5). 

 

More importantly the remainder of the undeveloped areas will be in line with the ESA 2 objectives, 

which is to restore those areas, and in this instance includes the central watercourse within the site, 

(Figure 8) through an improvement in function (water flow) and thus remain a functional corridor, which 

has already been initiated (i.e. improvement of the existing water course crossing culverts), with 

improvements being observed. 
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Figure 7:  Critical Biodiversity Areas as per the Garden Route Biodiversity Sector Plan 

 

 
Figure 8:  Critical Biodiversity Area spatial data as per the WCBSP, 2017  
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4 PERMIT REQUIREMENTS 

 

Typically, the following documents (amongst others) will be needed for a Water Use License Application 
due to the project being within 500m of a wetland area, as required by the Department of Water and 
Sanitation (DWS): 
 

• Wetland areas delineation supplied together with a desktop analysis and potential sensitivity 
identification, i.e. this report. 

• Application forms for Section 21 (c) and (i) use and the DWS Risk Assessment Matrix (Appendix 
A) 

• Supporting documentation in terms of the activity and applicant  
 
However, DWS has no jurisdiction with estuaries thus no Water Use Licenses are required 
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5 IMPACT ASSESSMENT 

5.1.1 Impact 1: Changes to the hydrological regime due to increase hard surfaces with an 
increased potential for erosion  

 

Nature of the impact 

 

Due to the nature of the proposed project this would be an operational phase impact, limited to once the 

development has been completed, i.e. any hard surfaces will increase the rate and volume of surface 

water runoff.  With the proposed layout amendment, being smaller and most being stilts this impact would 

be reduced. 

 

Significance of impacts without mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts the overall 

significance of the impact would be rated as Negative, change  

 

Proposed mitigation 

 

• Clearing of the remaining vegetation as it has been proposed in the layout plan will be kept to a 

minim and the grass species, will be replaced with trees. 

• The proposed road crossing should be designed in such a manner to improve the flow of water 

between the main channel.  This will reinstate some of the tidal flows, improving the available 

habitat and quality of the water. 

 

Significance of impact with mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts the overall 

significance of the impact would remain Slight, Positive (Table 4), with some of the hydrological 

improvements already being implemented for the road crossing. 
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Table 4:  The potential impact of changes to the local hydrological regimes and increased 

potential of erosion post mitigation  

Group A (Condition criteria) 

Extent (A1) 

A measure of the importance of the condition, which is assessed against the spatial boundaries or human 
interests it will affect. 

National / International interests 4 

1 

Regional / National interests 3 

Areas immediately outside the local condition 2 

Important only to the local condition 1 

No importance 0 

Magnitude of change / effect (A2) 

Magnitude is defined as a measure of the scale of benefit/dis-benefit of an impact or a condition. 

Major positive benefit 3 

1 

Significant improvement in status quo 2 

Improvement in status quo 1 

No change / Status quo 0 

Negative change to status quo -1 

Significant negative dis-benefit or change -2 

Major dis-benefit or change -3 

Group A Score:  1 

Group B (Situation criteria) 

Duration / Permanence (B1) 

This defines whether a condition is temporary or permanent, and should be seen only as a measure of the 
temporal status of the condition.(e.g.: an embankment is a permanent condition even if it may one day 
be breached or  abandoned; whilst a coffer dam is a temporary condition, as it will be removed). 

No change / Not Applicable 1 

3 Temporary 2 

Permanent 3 

Reversibility (B2) 

This defines whether the condition can be changed and is a measure of the control over the effect of the 
condition. It should not be confused or equated with permanence. (e.g.: an accidental toxic spillage into a 
river is a temporary  condition (B1) but its effect (death of fish) is irreversible (B2); a town’s sewage 
treatment works is a permanent condition (B1), the effect of its effluent can be changed (reversible 
condition) (B2)) 

No change / Not Applicable 1 

2 Reversible 2 

Irreversible 3 

Cumulative (B3) 

This is a measure of whether the effect will have a single direct impact or whether there will be a 
cumulative effect over time, or a synergistic effect with other conditions. The cumulative criterion is a 
means of judging the sustainability of a condition, and is not to be confused with a permanent 
/irreversible situation. 

No change / Not Applicable 1 
2 

Non-cumulative / single 2 
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Cumulative / synergistic 3 

Group B Score: 7 

Final Assessment score 7 
 

5.1.2 Impact 2: Impact of changes to water quality  

 

Nature of the impact  

 

Presently, little is known about the water quality of the watercourses, but it is assumed that due to the 

activities in the study area, grazing, road storm water runoff the aquatic systems will contain some 

pollutants.  

 

During construction, various materials, such as sediments, diesel, oils and cement, could also pose a 

threat to the continued functioning of downstream areas, if by chance it is dispersed via surface run-off, 

or are allowed to permeate into the groundwater.   

 

In the operational phase the only potential issues are related to the any leaks or spills from any 

conservancy tanks (if required). 

 

Significance of impacts without mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts, the overall 

significance of the impact would be rated as Negative (Table 5). 

 

Proposed mitigation 

 

• Chemicals used for construction must be stored safely on site and surrounded by bunds.  
Chemical storage containers must be regularly inspected so that any leaks are detected early. 

• Littering and contamination of water sources during construction must be prevented by effective 
construction camp and on-site management. 

• Emergency plans must be in place in case of spillages onto road surfaces and wetlands /water 
courses. 

• No stockpiling should take place within a water course or wetland. 

• All stockpiles must be protected from erosion, stored on flat areas where run-off will be minimised, 
and be surrounded by bunds. 

• Stockpiles must be located away from river channels / wetlands. 

• Erosion and sedimentation into channels must be minimised through the effective stabilisation 
(gabions and Reno mattresses) and the re-vegetation of any disturbed riverbanks, such as at the 
proposed road crossing. 

• The construction camp and necessary ablution facilities meant for construction workers must not 
be in any of the delineated watercourses or wetland areas (including 20m buffer). 

• For the operational phase, any sewer lines and or conservancy tanks must be inspected on a 
regular basis or emptied prior to becoming full. 
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Significance of impact with mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts the overall 

significance of the impact would be rated as Slight, negative (Table 5). 

 

Table 5:  The potential impact of changes to the local water quality 

 

Group A (Condition criteria) 

Extent (A1) 

A measure of the importance of the condition, which is assessed against the spatial boundaries or human 
interests it will affect. 

National / International interests 4 

1 

Regional / National interests 3 

Areas immediately outside the local condition 2 

Important only to the local condition 1 

No importance 0 

Magnitude of change / effect (A2) 

Magnitude is defined as a measure of the scale of benefit/dis-benefit of an impact or a condition. 

Major positive benefit 3 

-1 

Significant improvement in status quo 2 

Improvement in status quo 1 

No change / Status quo 0 

Negative change to status quo -1 

Significant negative dis-benefit or change -2 

Major dis-benefit or change -3 

Group A Score:  -1 

Group B (Situation criteria) 

Duration / Permanence (B1) 

This defines whether a condition is temporary or permanent, and should be seen only as a measure of the 
temporal status of the condition.(e.g.: an embankment is a permanent condition even if it may one day 
be breached or  abandoned; whilst a coffer dam is a temporary condition, as it will be removed). 

No change / Not Applicable 1 

3 Temporary 2 

Permanent 3 

Reversibility (B2) 

This defines whether the condition can be changed and is a measure of the control over the effect of the 
condition. It should not be confused or equated with permanence. (e.g.: an accidental toxic spillage into a 
river is a temporary  condition (B1) but its effect (death of fish) is irreversible (B2); a town’s sewage 
treatment works is a permanent condition (B1), the effect of its effluent can be changed (reversible 
condition) (B2)) 

No change / Not Applicable 1 

2 Reversible 2 

Irreversible 3 

Cumulative (B3) 



Wetland assessment amendment – June 2021 

EnviroSci (Pty) Ltd  33                                           Erf 2013 Piesang River Rd 

This is a measure of whether the effect will have a single direct impact or whether there will be a 
cumulative effect over time, or a synergistic effect with other conditions. The cumulative criterion is a 
means of judging the sustainability of a condition, and is not to be confused with a permanent 
/irreversible situation. 

No change / Not Applicable 1 

2 Non-cumulative / single 2 

Cumulative / synergistic 3 

Group B Score: 7 

Final Assessment score -7 
 

5.1.3 Impact 3: Loss of any bed / banks or wetlands areas due to clearing of vegetation of 
infilling (if required for road access)  

 

Nature of the impact 

 

Due to the nature of the proposed project this would be an operational phase impact, limited to once the 

access road upgrade has completed.  The remainder of the project components have been placed outside 

of the high-water mark and the 20m no-go buffer.  Several soft landscaped areas including decks, have 

however been allowed into these areas, but have been designed in a manner to no impact on the aquatic 

environment. The proposed layout amendment would see a reduction in the overall footprint, with the 

proposed access road already being completed as authorised. 

 

Significance of impacts without mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts the overall 

significance of the impact would be rated as Slight, negative (Table 6). 
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Proposed mitigation 

 

• The current layout should be adhered which will minimise the overall loss of any wetland habitat 

• Suitable erosion protection such as gabions or stone pitching should also be included, to prevent 

any erosion/sedimentation, where it is envisaged that surface water flows will increase 

• The proposed culvert should be sized to accommodate connectivity between the wetlands / water 

course, and so that it does not result in back flooding.  This will also be important to allow for the 

potential rehabilitation of the central wetland area, that with more regular inundation, coupled to 

the clearing or old building rubble and adjacent alien invasive trees, ecosystem function and 

habitat will return. This has been completed 

 

Significance of impact with mitigation 

 

Due to the nature of the study area hydrology, its present state and the present impacts the overall 

significance of the impact would be rated as Slight, negative (Table 6).  With the mitigation now in place 

a slight positive impact was noticed for the road crossing. 

 

Table 6:  The potential impact due to loss of wetlands 

 

Group A (Condition criteria) 

Extent (A1) 

A measure of the importance of the condition, which is assessed against the spatial boundaries or human 
interests it will affect. 

National / International interests 4 

1 

Regional / National interests 3 

Areas immediately outside the local condition 2 

Important only to the local condition 1 

No importance 0 

Magnitude of change / effect (A2) 

Magnitude is defined as a measure of the scale of benefit/dis-benefit of an impact or a condition. 

Major positive benefit 3 

-1 

Significant improvement in status quo 2 

Improvement in status quo 1 

No change / Status quo 0 

Negative change to status quo -1 

Significant negative dis-benefit or change -2 

Major dis-benefit or change -3 

Group A Score:  -1 

Group B (Situation criteria) 

Duration / Permanence (B1) 

This defines whether a condition is temporary or permanent, and should be seen only as a measure of the 
temporal status of the condition.(e.g.: an embankment is a permanent condition even if it may one day 
be breached or  abandoned; whilst a coffer dam is a temporary condition, as it will be removed). 

No change / Not Applicable 1 

3 Temporary 2 

Permanent 3 
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Reversibility (B2) 

This defines whether the condition can be changed and is a measure of the control over the effect of the 
condition. It should not be confused or equated with permanence. (e.g.: an accidental toxic spillage into a 
river is a temporary  condition (B1) but its effect (death of fish) is irreversible (B2); a town’s sewage 
treatment works is a permanent condition (B1), the effect of its effluent can be changed (reversible 
condition) (B2)) 

No change / Not Applicable 1 

2 Reversible 2 

Irreversible 3 

Cumulative (B3) 

This is a measure of whether the effect will have a single direct impact or whether there will be a 
cumulative effect over time, or a synergistic effect with other conditions. The cumulative criterion is a 
means of judging the sustainability of a condition, and is not to be confused with a permanent 
/irreversible situation. 

No change / Not Applicable 1 

2 Non-cumulative / single 2 

Cumulative / synergistic 3 

Group B Score: 7 

Final Assessment score -7 
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6 CONCLUSION AND RECOMMENDATIONS 

 

Various water bodies dominated the regional and study area landscape.  All of the observed aquatic 

features showed a high degree of impact due to the land uses and land reclamation that has taken place 

over a period of time.  Thus, the Present Ecological State of the systems were considered to be E 

(Critically modified), while the Ecological Importance and Sensitivity for these systems were also rated 

Moderate even with the impacts that are existing within or adjacent to the freshwater wetland areas.  It is 

important to note that all the wetland types found within the study area form an important network of 

corridors and are extremely valuable for bird and fish species within the study area. 

 

Based then on the potential impacts addressed in the DWS Risk Assessment Matrix (Appendix A), with 

proper design and mitigation and avoidance the wetland area while no natural terrestrial environment 

occurs all impacts were rated as LOW.  This assumes that the channel areas will be excluded from the 

development footprint and the growth of indigenous species must be promoted, either through planting 

(terrestrial habitats) or reinstatement of natural hydrological variability (proper sizing of road culvert 

crossing). Cognisance of this has taken in place within the proposed amended layout, coupled to an 

overall reduction in the project footprint while also lifting the structures above ground.  This would further 

limit the hydrological impact on the site. 

 

Further recommendations and monitoring guidelines include: 

 

• Vegetation clearing should occur in parallel with the construction progress to minimise erosion and/or 

run-off. Large tracts of bare soil will either cause dust pollution or quickly erode and then cause 

sedimentation in the lower portions of the catchment.  

• Only indigenous plant species must be used in the re-vegetation process. The species list mentioned 

in this and the vegetation study should be used a guide 

• All construction materials including fuels and oil should be stored in demarcated areas that are 

contained within berms / bunds to avoid spread of any contamination into wetlands or rivers. Washing 

and cleaning of equipment should also be done within berms or bunds, in order to trap any cement 

and prevent excessive soil erosion. These sites must be re-vegetated after construction has been 

completed.  

• Mechanical plant and tankers/bowsers must not be refuelled or serviced within or directly adjacent to 

any river channel or wetland area.   

• Erosion control measures must be put in place prior to any construction activities that would result in 

soil being exposed. 

• Weather forecasts from the South African Weather Bureau of up to three days in advance must be 

monitored on a daily basis to avoid exposing soil, works or materials during a storm event 

• Appropriate action must be taken in advance to protect works should a storm event be forecasted; 

• Any damage and loss of soil resulting from a storm is to be remedied immediately. 

• The construction camp and necessary ablution facilities meant for construction workers must be well 

removed from the wetlands. 

• All stockpiled material must be located outside wetlands. 

• There should be no toilet facilities placed close to wetlands areas or water courses. 

• No maintenance of machinery is to take place close to wetland areas unless adequate measures 

have been instituted to ensure that no hydrocarbons ingress into the soil or water.   
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8 APPENDIX A – DWS RISK ASSESSMENT MATRIX  

NO WULA is HOWEVER REQUIRED BUT SERVES TO INDICATE THAT THE IMPACT WOULD BE LOW  
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9 APPENDIX B – BUFFER MODEL RESULTS 

 

D
e
s
k
to
p
 T
h
re
a
t 

R
a
tin
g

S
p
e
c
ia
lis
t T
h
re
a
t 

R
a
tin
g

V
L

V
L

V
L

V
L

M

M

V
L

V
L

V
L

V
L

L

L

V
L

V
L

N
/
A

N
/
A

V
L

V
L

V
L

V
L

L

L

L

L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

V
L

L

L

W
a
te
r R
e
s
o
u
rc
e

B
io
d
iv
e
rs
ity

H

V
L

V
L

H

V
L

V
L

M

V
L

M

H

V
L

V
L

H

V
L

V
L

H

V
L

L

H

V
L

V
L

H

V
L

N
/
A

H

V
L

V
L

H

V
L

V
L

H

V
L

L

H

V
L

L

M

V
L

V
L

H

V
L

V
L

H

V
L

V
L

H

V
L

V
L

H

V
L

V
L

H

V
L

V
L

H

V
L

V
L

H

V
L

L

S
p
e
c
ia
lis
t T
h
re
a
t 

R
a
tin
g

R
e
fin
e
d
 T
h
re
a
t 

C
la
s
s

V
L

V
L

M V
L

V
L L V

L
N
/
A

V
L

V
L L L V

L
V
L

V
L

V
L

V
L

V
L

V
L L

Y
/
N

Y Y

E
s
tu
a
ry
 Im
p
o
rta
n
c
e

H
ig
h

F
e
a
tu
re
s
 th
a
t a
re
 c
o
n
s
id
e
re
d
 to
 b
e
 e
c
o
lo
g
ic
a
lly
 im
p
o
rta
n
t a
n
d
 s
e
n
s
itiv
e
 a
t a
 re
g
io
n
a
l s
c
a
le
.  T
h
e
 fu
n
c
tio
n
in
g
 a
n
d
/
o
r b
io
d
iv
e
rs
ity
 o
f th
e
s
e
 fe
a
tu
re
s
 a
re
 ty
p
ic
a
lly
 m
o
d
e
ra
te
ly
 s
e
n
s
itiv
e
 to
 a
n
th
ro
p
o
g
e
n
ic
 

d
is
tu
rb
a
n
c
e
s
.  T
h
e
y
 ty
p
ic
a
lly
 p
la
y
 a
n
 im
p
o
rta
n
t ro
le
 in
 p
ro
v
id
in
g
 e
c
o
lo
g
ic
a
l s
e
rv
ic
e
s
 a
t th
e
 lo
c
a
l s
c
a
le
.

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

C
lim
a
tic
 fa
c
to
rs

M
A
P
 C
la
s
s

6
0
1
 - 8
0
0
m
m

R
a
in
fa
ll In
te
n
s
ity

Z
o
n
e
 2

T
h
re
a
t P
o
s
e
d
 b
y
 th
e
 p
ro
p
o
s
e
d
 la
n
d
 u
s
e
 /
 a
c
tiv
ity

Ju
s
tific
a
tio
n
 fo
r c
h
a
n
g
e
s
 in
 th
re
a
t ra
tin
g
s

Construction Phase

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

N
o
te
:  F
o
r fu
rth
e
r g
u
id
a
n
c
e
 o
n
 th
e
 a
p
p
lic
a
tio
n
 o
f th
is
 to
o
l, u
s
e
rs
 s
h
o
u
ld
 re
fe
r to
 th
e
 g
u
id
e
lin
e
 fo
r th
e
 d
e
te
rm
in
a
tio
n
 o
f b
u
ffe
r zo
n
e
s
.  It is
 a
ls
o
 im
p
o
rta
n
t to
 n
o
te
 th
a
t b
u
ffe
r w
id
th
s
 c
a
lc
u
la
te
d
 b
y
 th
e
 m
o
d
e
l o
n
ly
 c
a
te
r fo
r im
p
a
c
ts
 a
s
s
o
c
ia
te
d
 w
ith
 d
iffu
s
e
-s
o
u
rc
e
 s
u
rfa
c
e
 ru
n
o
ff.  A
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
 s
h
o
u
ld
 th
e
re
fo
re
 b
e
 d
e
fin
e
d
 to
 

c
a
te
r fo
r o
th
e
r p
o
te
n
tia
l im
p
a
c
ts
. F
in
a
lly
, p
le
a
s
e
 n
o
te
 th
a
t th
is
 b
u
ffe
r zo
n
e
 to
o
l h
a
s
 b
e
e
n
 d
e
s
ig
n
e
d
 to
 b
e
 c
o
m
p
le
te
d
 s
e
q
u
e
n
tia
lly
 fo
r a
 s
in
g
le
 s
ite
 -   u
s
e
rs
 m
u
s
t th
e
re
fo
re
 u
s
e
 a
 n
e
w
 te
m
p
la
te
 fo
r e
a
c
h
 a
s
s
e
s
s
m
e
n
t ra
th
e
r th
a
n
 "tw
e
a
k
in
g
" p
re
v
io
u
s
 a
s
s
e
s
s
m
e
n
ts
.

C
lo
s
e
d
 E
s
tu
a
ry

N
a
m
e
 o
f E
s
tu
a
ry

P
ie
s
a
n
g

N
a
m
e
 o
f A
s
s
e
s
s
o
r

B
ria
n

P
ro
je
c
t D
e
ta
ils

E
rf 2
1
0
3
 R
e
s
id
e
n
tia
l h
o
m
e

D
a
te
 o
f A
s
s
e
s
s
m
e
n
t

0
1
-Ja
n
-1
8

L
e
v
e
l o
f a
s
s
e
s
s
m
e
n
t

S
ite
-b
a
s
e
d

A
p
p
ro
a
c
h
 u
s
e
d
 to
 d
e
lin
e
a
te
 th
e
 e
s
tu
a
ry
 b
o
u
n
d
a
ry
 &
 s
u
p
ra
tid
a
l z
o
n
e
?

S
ite
-b
a
s
e
d
 d
e
lin
e
a
tio
n

E
s
tu
a
ry
 ty
p
e

P
re
s
e
n
t E
c
o
lo
g
ic
a
l S
ta
te

C

M
o
d
e
ra
te
ly
 m
o
d
ifie
d
. Lo
s
s
 a
n
d
 c
h
a
n
g
e
 o
f n
a
tu
ra
l h
a
b
ita
t a
n
d
 b
io
ta
 h
a
v
e
 o
c
c
u
rre
d
, b
u
t th
e
 b
a
s
ic
 e
c
o
s
y
s
te
m
 fu
n
c
tio
n
s
 a
re
 s
till p
re
d
o
m
in
a
n
tly
 u
n
c
h
a
n
g
e
d
.

M
a
n
a
g
e
m
e
n
t O
b
je
c
tiv
e

S
e
c
to
r

R
e
s
id
e
n
tia
l

P
ro
v
id
e
s
 fo
r la
n
d
 a
n
d
 b
u
ild
in
g
s
 fo
r a
 v
a
rie
ty
 o
f h
o
u
s
in
g
 ty
p
e
s
, ra
n
g
in
g
 fr
o
m
 a
re
a
s
 th
a
t a
re
 a
lm
o
s
t e
n
tire
ly
 re
s
id
e
n
tia
l to
 th
o
s
e
 a
re
a
s
 h
a
v
in
g
 a
 m
ix
 o
f o
th
e
r 

c
o
m
p
a
tib
le
 la
n
d
 u
s
e
s
, w
h
e
re
 th
e
 p
re
d
o
m
in
a
n
t la
n
d
 u
s
e
 is
 re
s
id
e
n
tia
l. 

S
u
b
-S
e
c
to
r

R
e
s
id
e
n
tia
l L
o
w
 im
p
a
c
t /
 R
e
s
id
e
n
tia
l 

o
n
ly

In
c
lu
d
e
s
 b
u
ild
in
g
s
 fo
r a
 v
a
rie
ty
 o
f h
o
u
s
in
g
 ty
p
e
s
 w
ith
 a
 lim
ite
d
 n
u
m
b
e
r o
f c
o
m
p
a
tib
le
 a
n
c
illa
ry
 la
n
d
 u
s
e
s
 p
e
rm
is
s
ib
le
 s
o
 a
s
 to
 c
a
te
r fo
r e
v
e
ry
 d
a
y
 n
e
e
d
s
 o
f 

th
e
 re
s
id
e
n
ts
. T
h
e
 b
u
ild
in
g
 d
e
n
s
ity
 is
 lik
e
ly
 to
 b
e
 lo
w
 (<
1
u
n
it/
a
c
re
) a
n
d
 th
e
 a
m
e
n
ity
 h
ig
h
, a
n
d
 g
e
n
e
ra
lly
 in
 h
a
rm
o
n
y
 w
ith
 th
e
 n
a
tu
ra
l e
n
v
iro
n
m
e
n
t. 

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

P
ro
p
o
s
e
d
 d
e
v
e
lo
p
m
e
n
t /
 a
c
tiv
ity

E
s
tu
a
ry
 s
iz
e

E
s
tu
a
ry
 L
e
n
g
th

P
e
re
n
n
ia
lity
 o
f riv
e
r in
flo
w
s

T
h
e
 in
h
e
re
n
t ru
n
o
ff p
o
te
n
tia
l o
f th
e
 s
o
il in
 th
e
 e
s
tu
a
rie
s
 

c
a
tc
h
m
e
n
t

M
o
u
th
 c
lo
s
u
re

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

Operational Phase

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

<
1
0
 h
a

<
5
 k
m

In
te
rm
itte
n
t 

M
o
d
. H
ig
h
 (C
)

>
8
0
%

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

W
a
te
r C
la
rity

P
re
s
e
n
c
e
 o
f s
u
b
m
e
rg
e
d
 m
a
c
ro
p
h
y
te
s
  

L
e
v
e
l o
f d
o
m
e
s
tic
, liv
e
s
to
c
k
 a
n
d
 c
o
n
ta
c
t re
c
re
a
tio
n
a
l u
s
e

H
ig
h

N
o
te
:  S
e
e
 th
e
 T
e
c
h
n
ic
a
l G
u
id
e
 fo
r fu
rth
e
r in
fo
rm
a
tio
n
 o
n
 

th
e
 ra
tio
n
a
le
 fo
r in
d
ic
a
to
r s
e
le
c
tio
n
 a
n
d
 h
o
w
 th
e
s
e
 

a
ttrib
u
te
s
 a
ffe
c
t th
e
 s
e
n
s
itiv
ity
 o
f E
s
tu
a
rie
s
 to
 la
te
ra
l in
p
u
ts
.

B
io
g
e
o
g
ra
p
h
ic
 z
o
n
e

W
a
rm
 te
m
p
e
ra
te

T
h
re
a
t P
o
s
e
d
 b
y
 th
e
 p
ro
p
o
s
e
d
 la
n
d
 u
s
e
 /
 a
c
tiv
ity

S
e
n
s
itiv
ity

S
ite
-B
a
s
e
d
 R
is
k
 

C
la
s
s

Ju
s
tific
a
tio
n
 fo
r in
c
re
a
s
in
g
 th
e
 s
e
n
s
itiv
ity
 to
 c
a
te
r fo
r a
n
y
 im
p
o
rta
n
t b
io
d
iv
e
rs
ity
 e
le
m
e
n
ts
 in
c
lu
d
in
g
 s
p
e
c
ia
l h
a
b
ita
ts
 a
n
d
 s
p
e
c
ie
s
 o
f 

c
o
n
s
e
rv
a
tio
n
 c
o
n
c
e
rn
.

B
la
c
k
w
a
te
r

N
o

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

Operational Phase

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

Construction Phase

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

B
u
ffe
r a
ttrib
u
te
s

B
u
ffe
r S
e
g
m
e
n
t 1

B
u
ffe
r S
e
g
m
e
n
t  2

B
u
ffe
r S
e
g
m
e
n
t  3

B
u
ffe
r S
e
g
m
e
n
t 4

S
lo
p
e
 o
f th
e
 b
u
ffe
r

V
e
ry
 G
e
n
tle
 (0
 - 2
%
)

V
e
g
e
ta
tio
n
 c
h
a
ra
c
te
ris
tic
s

(C
o
n
s
tru
c
tio
n
 p
h
a
s
e
)

P
o
o
r:  V
e
g
e
ta
tio
n
 e
ith
e
r s
h
o
rt (<
5
c
m
) (e
.g
. m
a
in
ta
in
e
d
 la
w
n
s
) o
r 

ro
b
u
s
t b
u
t w
id
e
ly
 s
p
a
c
e
d
 p
la
n
ts
 w
ith
 p
o
o
r in
te
rc
e
p
tio
n
 (e
.g
. tre
e
s
 

o
r s
h
ru
b
s
 w
ith
 p
o
o
rly
 v
e
g
e
ta
te
d
 u
n
d
e
rs
to
ry
). 

V
e
g
e
ta
tio
n
 c
h
a
ra
c
te
ris
tic
s

(O
p
e
ra
tio
n
a
l p
h
a
s
e
)

Id
e
a
l:  R
o
b
u
s
t v
e
g
e
ta
tio
n
 w
ith
 h
ig
h
 in
te
rc
e
p
tio
n
 p
o
te
n
tia
l (e
.g
. 

v
e
tiv
e
r g
ra
s
s
 filte
r s
trip
s
 /
 d
e
n
s
e
 ta
ll g
ra
s
s
 s
ta
n
d
s
).

 S
o
il p
e
rm
e
a
b
ility

M
o
d
e
ra
te
: D
e
e
p
 m
o
d
e
ra
te
ly
 te
x
tu
re
d
 s
o
ils
 (e
.g
. s
a
n
d
y
 lo
a
m
) O
R
 

s
h
a
llo
w
 (<
3
0
c
m
) w
e
ll d
ra
in
e
d
 s
o
ils
.

M
ic
ro
-to
p
o
g
ra
p
h
y
 o
f th
e
 b
u
ffe
r z
o
n
e

U
n
ifo
rm
 to
p
o
g
ra
p
h
y
: S
m
o
o
th
 to
p
o
g
ra
p
h
y
 w
ith
 n
o
 c
o
n
c
e
n
tra
te
d
 

flo
w
 p
a
th
s
 a
n
tic
ip
a
te
d
.

O
p
e
ra
tio
n
a
l P
h
a
se

1
0

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

T
h
re
a
t P
o
s
e
d
 b
y
 th
e
 p
ro
p
o
s
e
d
 la
n
d
 u
s
e
 /
 a
c
tiv
ity

D
e
s
c
rip
tio
n
 o
f a
n
y
 a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s

S
p
e
c
ia
lis
t ju
s
tific
a
tio
n
 fo
r re
fin
e
d
 th
re
a
t ra
tin
g
s
 w
ith
 c
le
a
r re
fe
re
n
c
e
 to
 

s
u
p
p
o
rtin
g
 d
o
c
u
m
e
n
ta
tio
n
.

S
ite
-b
a
s
e
d
 a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r re
q
u
ire
m
e
n
ts
 (w
ith
o
u
t a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
)

C
o
n
stru
c
tio
n
 P
h
a
se

1
2

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

Construction Phase

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

Operational Phase

1
.  A
lte
ra
tio
n
 to
 flo
w
 v
o
lu
m
e
s
 

2
.  A
lte
ra
tio
n
 o
f p
a
tte
rn
s
 o
f flo
w
s
 (in
c
re
a
s
e
d
 flo
o
d
 p
e
a
k
s
)

5
.  In
p
u
ts
 o
f to
x
ic
 o
rg
a
n
ic
 c
o
n
ta
m
in
a
n
ts
 

6
.  In
p
u
ts
 o
f to
x
ic
 h
e
a
v
y
 m
e
ta
l c
o
n
ta
m
in
a
n
ts

3
.  In
c
re
a
s
e
 in
 s
e
d
im
e
n
t in
p
u
ts
 &
 tu
rb
id
ity

4
.  In
c
re
a
s
e
d
 n
u
trie
n
t in
p
u
ts

9
.  C
h
a
n
g
e
 (e
le
v
a
tio
n
) o
f w
a
te
r te
m
p
e
ra
tu
re

1
0
.  P
a
th
o
g
e
n
 in
p
u
ts
 (i.e
. d
is
e
a
s
e
-c
a
u
s
in
g
 o
rg
a
n
is
m
s
)

7
.  A
lte
ra
tio
n
 o
f a
c
id
ity
 (p
H
) 

8
.  In
c
re
a
s
e
d
 in
p
u
ts
 o
f s
a
lts
 (s
a
lin
iz
a
tio
n
) 

O
p
e
ra
tio
n
a
l P
h
a
s
e

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

A
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
 to
 c
o
n
s
id
e
r

C
o
m
m
e
n
ts

B
u
ffe
r S
e
g
m
e
n
t 1

B
u
ffe
r S
e
g
m
e
n
t  2

B
u
ffe
r S
e
g
m
e
n
t  3

B
u
ffe
r S
e
g
m
e
n
t 4

R
e
v
is
e
d
 a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r re
q
u
ire
m
e
n
ts
 (in
c
lu
d
in
g
 a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
)

C
o
n
s
tru
c
tio
n
 P
h
a
s
e

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

F
in
a
l a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r re
q
u
ire
m
e
n
ts
 (in
c
lu
d
in
g
 p
ra
c
tic
a
l m
a
n
a
g
e
m
e
n
t c
o
n
s
id
e
ra
tio
n
s
)

C
o
n
s
tru
c
tio
n
 P
h
a
s
e

1
2

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

H
a
v
e
 a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
 b
e
e
n
 id
e
n
tifie
d
 to
 c
a
te
r fo
r a
n
y
 p
o
in
t-s
o
u
rc
e
 d
is
c
h
a
rg
e
s
?

H
a
v
e
 a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
 b
e
e
n
 id
e
n
tifie
d
 to
 c
a
te
r fo
r p
o
te
n
tia
l g
ro
u
n
d
w
a
te
r im
p
a
c
ts
?

B
u
ffe
r S
e
g
m
e
n
t 1

B
u
ffe
r S
e
g
m
e
n
t  2

B
u
ffe
r S
e
g
m
e
n
t  3

B
u
ffe
r S
e
g
m
e
n
t 4

O
p
e
ra
tio
n
a
l P
h
a
s
e

1
0

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

R
a
tio
n
a
le
 fo
r a
n
y
 in
c
re
a
s
e
s
 in
 fin
a
l b
u
ffe
r re
q
u
ire
m
e
n
ts

F
in
a
l a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r re
q
u
ire
m
e
n
t

1
2

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

N
o
t A
sse
sse
d

S
te
p
 1
: D
e
fin
e
 o
b
je
c
tiv
e
s a
n
d
 sc
o
p
e
 o
f a
sse
ssm
e
n
t a
n
d
 d
e
te
rm
in
e
 th
e
 m
o
st a
p
p
ro
p
ria
te
 
le
v
e
l o
f a
sse
ssm
e
n
t

S
te
p
 2
: M
a
p
 a
n
d
 c
a
te
g
o
rize
 w
a
te
r re
so
u
rc
e
s in
 th
e
 stu
d
y
 a
re
a
 

S
te
p
 3
: R
e
fe
r to
 th
e
 D
W
A
 m
a
n
a
g
e
m
e
n
t o
b
je
c
tiv
e
s fo
r m
a
p
p
e
d
 w
a
te
r re
so
u
rc
e
s o
r d
e
v
e
lo
p
 su
rro
g
a
te
 o
b
je
c
tiv
e
s

S
te
p
 4
: A
sse
ss th
e
 risk
s fro
m
 p
ro
p
o
se
d
 d
e
v
e
lo
p
m
e
n
ts a
n
d
 d
e
fin
e
 m
itig
a
tio
n
 m
e
a
su
re
s n
e
c
e
ssa
ry
 fo
r p
ro
te
c
tin
g
 m
a
p
p
e
d
 w
a
te
r re
so
u
rc
e
s in
 th
e
 stu
d
y
 a
re
a

A
s
s
e
s
s th
re
a
ts o
f p
la
n
n
e
d
 a
c
tiv
itie
s
 o
n
 w
a
te
r re
s
o
u
rc
e
s
 a
n
d
 d
e
te
rm
in
e
 d
e
s
k
to
p
 b
u
ffe
r re
q
u
ire
m
e
n
ts

A
s
s
e
s
s th
e
 s
e
n
sitiv
ity
 o
f w
a
te
r re
s
o
u
rc
e
s
 to
 th
re
a
ts p
o
s
e
d
 b
y
 la
te
ra
l la
n
d
-u
s
e
 im
p
a
c
ts

R
e
fin
e
 d
e
s
k
to
p
 b
u
ffe
r re
q
u
ire
m
e
n
ts
 b
a
s
e
d
 o
n
 s
ite
-b
a
s
e
d
 in
v
e
s
tig
a
tio
n
s

A
s
s
e
s
s th
e
 s
e
n
sitiv
ity
 o
f im
p
o
rta
n
t b
io
d
iv
e
rsity
 e
le
m
e
n
ts to
 th
re
a
ts p
o
s
e
d
 b
y
 la
te
ra
l la
n
d
-u
s
e
 im
p
a
c
ts

W
h
e
re
 a
p
p
ro
p
ria
te
, id
e
n
tify
 a
d
d
itio
n
a
l m
itig
a
tio
n
 m
e
a
s
u
re
s
 a
n
d
 re
fin
e
 a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r w
id
th
 a
c
c
o
rd
in
g
ly

W
h
e
re
 n
e
c
e
s
s
a
ry
 re
v
ie
w
 a
n
d
 re
fin
e
 a
q
u
a
tic
 im
p
a
c
t b
u
ffe
r re
q
u
ire
m
e
n
ts to
 c
a
te
r fo
r p
ra
c
tic
a
l m
a
n
a
g
e
m
e
n
t c
o
n
s
id
e
ra
tio
n
s

S
te
p
 5
: A
sse
ss risk
s p
o
se
d
 b
y
 p
ro
p
o
se
d
 d
e
v
e
lo
p
m
e
n
t o
n
 b
io
d
iv
e
rsity
 a
n
d
 id
e
n
tify
 m
a
n
a
g
e
m
e
n
t zo
n
e
s fo
r b
io
d
iv
e
rsity
 
p
ro
te
c
tio
n


