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INTRODUCTION

About the project

Craigie, Snijman and Fourie (2009) have observed that there “appears to be reluctance among
environmental authorities to give compliance advice to the regulated community for fear of being
held liable for inappropriate advice.” Subsequently enforcement reporting is only quantitative
(DEA, 2012), meaning that only the number of enforcement cases is reported, and no qualitative
measurement, for example, the improved state of environment as a result of the enforcement
interventions is reported. Both of these issues occur because enforcement officials do not have
the capability, time or budget to run detailed EcoStatus assessments on every site inspection.
This research set out to develop tools to aid compliance and enforcement officials in determining
the impacts of contravening activities, thereby being more informed when requesting specialist
studies and determining the objectives of the rehabilitation plans and activities, as well as for the
monitoring of the effects of these directed rehabilitation measures on the site.

In a similar vein, the Promotion of Administrative Justice Act, Act 3 of 2000 (PAJA) requires all
administrative action to be lawful, reasonable and procedurally fair and the right to written
reasons for administrative action, as provided for in section 33 of the Constitution. Administrative
notices, issued in terms of compliance and enforcement, are administrative decisions and must
therefore comply with the PAJA. The aim of this WRC project was to develop tools to aid officials
in their decision-making.

Why the Guideline & target audience

This guideline is aimed at compliance and enforcement officials who are involved in compliance
monitoring and enforcement of sites including urban rivers. This guideline can be used by
enforcement officials in all three spheres of government, for example National, Provincial and
Local Government.

Guideline structure
This Guideline is structured in 3 parts:
Part 1 — Introduction

This Part provides the background to the project and to the development of the tools and
guideline. It provides a revision of basic ecological concepts related to riverine management.
This part also indicates the current applicable South African environmental legislation.

Part 2 — Tools

This Part details the use of the tools that were developed in the scope of this research. The tools
include:

Legislation Search Tool (LST): A database of environmental legislation related to rivers. The
database can be searched against a specific section of legislation or using a search word. The
database identifies other sections of legislation that may be relevant or overlap and the institution
responsible for that section of legislation.

Site Assessment Form (SAF): An interactive form that the enforcement officials complete when
conducting their site assessments. The completed form provides a comparable record of the
state of the site on the days of inspection.




Dashboard Tool (DT): Based on the completed Site Assessment Form, the selected answers are
linked to indicators of basic riverine function. The DT automatically calculates the potential
impact of the contravening activity on riverine functions. Based on this, the official can then better
inform the perpetrator as to what ecosystem functions the specialist studies and rehabilitation
plan need to address.

Part 3 — Additional Guides (Annexures)

This Part provides additional guides to assist compliance and enforcement officials. These
additional guides include:
e Environmental Management Inspector (EMI) Standard Operating Procedure for Site
Inspections;
e Wetland and riverine indicator plant lists;
e Alien and invasive plant lists; and
e MiniSASS aquatic invertebrate identification.
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GLOSSARY OF TERMS

Active channel is the part of the channel that receives water flow most often. It is usually
marked by noticeable banks on either side of the channel (Freeman and Rowntree, 2005).
Regular storm events such as 1:2 or 1:5 year events occur within the active channel.

Accretion / Aggradation The rising of the grade or level of a river valley by deposition or
accumulation.

Adjacent properties include next-door properties located both up and downstream, and
surrounding the property in question. It is not limited to a common boundary, i.e. it may be across
the road, servitude or river.

Benthic The benthic zone is the ecological region at the lowest level of a body of water,
including the sediment surface and some sub-surface layers.

Catchment “is the land surface that contributes water and sediment materials to a river channel”
(Freeman and Rountree, 2005:8).

Channel a term used collectively meaning the course of a river or stream including, the bed and
banks. It can be individually referred as in-stream and banks (EA, 1998).

Criteria a standard of judging; a principle or fact by which a correct assessment may be formed.

Disposal means the burial, deposit, discharge, abandoning, dumping, placing or release of any
waste into, or onto, any land (NEM: Waste Act 59 of 2008).

EcoClassification the term used for the Ecological Classification of rivers; it refers to the
determination and categorisation of the Present Ecological State (PES; health or integrity) of
various biophysical attributes of rivers compared to the natural or close to natural reference
condition (Kleynhans and Louw, 2008).

EcoStatus ability of a river to support appropriate natural flora and fauna and relates directly to
the capacity of the system to provide a variety of goods and services (Kleynhans and Louw,
2008).

Ephemeral stream a stream that has short-lived flow, for example flows only when it rains.

Floodplain a relatively level alluvial (sand and gravel) area lying adjacent to the river channel,
which has been constructed by the present river in its existing regime.

Habitat means the natural home of species of plants or animals.

Indicator means to show or signify a symptom.

In-stream occurring in the stream water body, as opposed to on the banks.
Lentic means living in ponds, swamps or other still water.

Lotic means water which is in motion.

Macro-channel is the area between the regular flow of the active channel and the maximum
height of a major flood, e.g. 1:100 or 1:1000 year flood.

Non-perennial means a river that does not flow continuously.

Perennial means a river that flows continuously.
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Reach of River a length of an individual river which shows broadly similar physical
characteristics (EA, 1998).

Rehabilitation is the remedying of some ecosystem functions and processes in a degraded
state or site.

Rehabilitation activities refer to the suite of rehabilitation, remediation or restoration activities.

Remediation Breen and Walsh (1999) explain the aim of remediation is to improve the
ecological condition of the river, while not aiming for an endpoint which resembles its original
condition.

Reserve According to the National Water Act, Act 36 of 1998, the “Reserve means the quantity
and quality of water required -

(a) to satisfy basic human needs by securing a basic water supply, as prescribed under the
Water Services Act, 1997 (Act No. 108 of 1997), for people who are now or who will, in the
reasonably near future, be -

() Relying upon;

(ii) Taking water from; or

(iii) Being supplied from,

The relevant water resource; and

(b) To protect aquatic ecosystems in order to secure ecologically sustainable development and
use of the relevant water resource.”

Restoration defines ecological restoration as “the process of returning an ecosystem as closely
as possible to pre-disturbance conditions and functions” (FISRWG, 1998:1-3).

Riffles / Rapids arrangement of cobbles and stones where water flows between them. “Riffles
are areas, often downstream of a pool, where the water is breaking over rocks or other debris
causing surface agitation” (USDA, 1998:17).

Riparian zone / habitat includes the physical structure and associated vegetation of the areas
associated with a watercourse which are commonly characterised by alluvial soils, and which are
inundated or flooded to an extent and with a frequency sufficient to support vegetation of species
with a composition and physical structure distinct from those of adjacent land areas (NWA 36 of
1998). The riparian zone is found along the banks of a river and includes some form of flood
plain. The abundant ecosystems in the riparian zone depend on water, sediment, and nutrients
carried by the river. “Riparian zones are an unusually diverse mosaic of landforms, communities,
and environments within the larger landscape, and they serve as a framework for understanding
the organization, diversity, and dynamics of communities associated with fluvial ecosystems”
(Decamps 1996; Gregory, 1991; Naiman, 1988; Naiman, 1993; Naiman 1997) in Naiman and
Décamps (1997:622).

River Corridor / Habitat / Zone includes the riparian and in-stream habitats. A river corridor
comprises the watercourse and associated wetlands, floodplain and ecological buffer. A river
corridor includes the land to either side of the channel and from the outer edge of one riparian
area to the opposite riparian area outer edge.

Run to migrate upstream to spawn, as a fish. A ‘run’ is also an area of faster flowing water
between successive riffles.

Runoff means flow from a site or the catchment hat contributes to the stream channel flow.
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Soil erosion “is the movement of soil components, especially surface littler and topsoil, from one
place to another. The two main agents of erosion are flowing water and wind. In undisturbed
vegetated ecosystems, the roots of plants help anchor the soil, and usually soil is not lost faster
than it forms. However, farming, logging, construction, overgrazing by livestock, off-road
vehicles, deliberate burning of vegetation, and other activities that destroy plant cover leave soll
vulnerable to erosion. If topsoil erodes faster than it forms on a piece of land, the soil there
becomes a non-renewable resource” (Miller, 1998:552).

Storm event means a weather event including the occurrence of thunder, lightning, rain, halil,
snow or sleet.

Storm water runoff means water as a result of a storm event.
Terrestrial confined to living or occurring on land as opposed to water or air.

Watercourse as defined by the National Water Act, Act 36 of 1998, means:
a) A-river or spring;
b) A natural channel in which water flows regularly or intermittently;
c) A wetland, lake or dam into which, or from which, water flows; and
d) Any collection of water which the Minister may, by notice in the Gazette, declare
to be a watercourse, and a reference to a watercourse includes where relevant,
its bed and banks.
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PART 1 - INTRODUCTION
1 BACK TO BASICS

1.1 Identifying riverine/riparian areas

The riverine corridor is composed of both the riparian habitat (the flood zone, includes 1:100 year
floodline) and the aquatic habitat (active channel, includes 1:2 year floodline), as illustrated by
Figure 1-1.

Flood Zone

Active Channel

Macro-
channel bank

Figure 1-1 Typical cross-section of a river channel (Adapted from FISRWG, 2001:1-18)

The National Water Act (Act 36 of 1998) (NWA) defines a riparian habitat as including “the
physical structure and associated vegetation of the areas associated with a watercourse which
are commonly characterised by alluvial soils, and which are inundated or flooded to an extent
and with a frequency sufficient to support vegetation of species with a composition and physical
structure distinct from those of adjacent land areas.”

According to DWAF (2008:42), “riparian zones can be distinguished from adjacent terrestrial
areas through their association with the physical structure (banks) of the river or stream, as well
as the distinctive structural and compositional vegetation zones between the riparian and upland
terrestrial areas” as illustrated in Figure 1-2. As observed in Figure 1-2, the riparian area is
greener and lusher, whereas the vegetation in the terrestrial area is smaller and is browner in
colour. DWAF (2008) continues to explain that unlike wetland areas, riparian zones are usually
not saturated for a long enough duration for redoxymorphic (mottling) features to develop in their
soils; riparian zones instead develop in response to (and are adapted to) the physical
disturbances caused by frequent overbank flooding from the associated river or stream channel.
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Figure 1-2 Aerial view of vegetation line between terrestrial and riparian vegetation. (Source: M
Rountree).

DWAF (2005:16) go on to explain that riparian areas may thus range from a few metres wide
adjacent to small stream channels to more than a kilometre wide in floodplains. Both perennial
and non-perennial streams support riparian vegetation. Because riparian areas represent the
interface between aquatic and upland ecosystems, the vegetation in the riparian area may have
characteristics of both aquatic and upland habitats. Many of the plants in the riparian area
require plenty of water and are adapted to shallow water table conditions. Due to water
availability and rich alluvial soils, riparian areas are usually very productive. Tree growth rate is
high and the vegetation under the trees is usually lush in comparison to the upland terrestrial
vegetation.

The active channel is the area of the channel where the daily regular flow of a watercourse or
small flood events (e.g. 1:2 year) occurs. The macro-channel or flood banks are the area
between this regular flow of the active channel and the maximum height of a major flood (e.g.
1:100 or 1:1000 year flood).

The NWA definition of riparian zones refers to the structure of the banks and presence of
alluvium. DWAF (2008) identified that a good indicator of riparian zones is the presence of
alluvial deposited material adjacent to the active channel (such as benches and terraces), as well
as the wider incised “macro-channels”; where alluvial soils are soils derived from material
deposited by flowing water, especially in the valleys of large rivers.

The DWAF identification (2008) of riparian areas relies heavily on vegetative indicators; using
vegetation, the outer boundary of a riparian area can be defined as the point where a distinctive
change occurs:
e In species composition relative to the adjacent terrestrial area; and
e In the physical structure, such as vigour or robustness of growth forms of species similar
to that of adjacent terrestrial areas. Growth form refers to the health, compactness,
crowding, size, structure and/or numbers of individual plants.

16



The relative change in species composition and growth forms between the vegetation
immediately adjacent to the channel versus that of the upland terrestrial areas identifies the
riparian zone. DWAF concludes that these differences between riparian and terrestrial vegetation
are primarily a result of:
e More water being available to species growing adjacent to watercourses than to those
growing further away; and
e Increased levels of flooding disturbances experienced by the species within the riparian
zone than those in the upland terrestrial zone.

1.2 Riverine Functions

The Millennium Ecosystem Assessment (MEA) report 2005 defines ecosystem
services as benefits people obtain from ecosystems. Ecosystem functions include the biological,
geochemical and physical processes and components that take place or occur within an
ecosystem. These services are typically grouped according to the flows of products or services
provided by the ecosystem. These groups of “flows” or functions are:

e Production functions: This refers to the ecosystem'’s ability to produce resources such as
water supply, fish, hydropower, agriculture, cultivation and harvesting (including reeds for
weaving, muti), and forestry. (Das Gupta, A., 2008; Posthumus, H., et al., 2010)

e Regulation functions: This refers to an ecosystem’s ability and/or capacity to regulate
environmental processes such as carbon storage, flood attenuation, nutrient cycling,
sediment trapping, etc. (Das Gupta, A., 2008; Posthumus, H., et al., 2010)

e Carrier_functions: This refers to the capacity of the ecosystem to provide space for
various processes to occur, such as navigation and transport, energy generation,
recreation, and cultivation. (Das Gupta, A., 2008; Posthumus, H., et al., 2010)

e Habitat functions: This refers to the ability and capacity of the ecosystem to provide
habitat, refuge, nurseries, diversity, food for species and ecosystems. (Das Gupta, A.,
2008; Posthumus, H., et al., 2010)

e Information/cultural functions: This refers to the ecosystem’s contribution to human well-
being, i.e. through sense, experience, religious / cultural practices, tourism, recreation,
and aesthetics. (Das Gupta, A., 2008; Posthumus, H., et al., 2010)

Maintaining or rehabilitating riverine function and integrity is important to us because of the
“services” provided to us by these functions. These services are referred to as ecosystem-
services, and include the movement of energy and nutrients through the air, water and land, and
through the food chain, (Ehrlich, in Pimm 1994). When these functions are negatively impacted
by land-use activities, the services they provide are also reduced. For the scope of this work,
these groups of ecosystem functions have been further broken down into specific ecosystem
services or infrastructure that is applicable to urban rivers, i.e. flood attenuation (regulation),
sediment trapping (regulation), water quality (regulation), carbon storage (regulation), habitat
provision (habitat), subsistence (production), and cultural, aesthetic and recreational
(information/cultural and carrier) functions.

1.2.1 Flood attenuation (Regulation)

Flood attenuation refers to the ability of the river or reach of river to store flood water. Good
attenuation adds to the lag time of a flood event by increasing the time between the middle of the
rainfall event and the runoff peak. A reduction in the ability to attenuate flood water will decrease
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the time between the middle of the storm event and the peak runoff, which has a resultant
increase in velocity and increase in energy and erosive power, and a reduction in silt deposition
and sediment trapping (FISRWG, 1998). Storage for flood water is provided by open
(undeveloped) floodplains, open river channels, riparian vegetation assists to slow flood waters
thereby providing some attenuation. In summary “flood attenuation protects landscapes from
flood damage (Dosskey et al., 1997, Postal and Carpenter 1997, Field et al., 2006 in Soman
2007:3), moderates the velocity of flood waters, reduces high flows and floods, and decreases
downstream flooding through flood water moderation and/or uptake” (Forman (1995) in FISRWG
1998:2-86), and may also increase baseflow.

1.2.2 Sediment trapping (Regulation)

During both regular flow and flooding, the natural river acts as a sediment trap. “Dissolved
substances such as nitrogen, phosphorus and silt and other nutrients, entering a vegetated
stream corridor are restricted or ‘trapped’ from entering the channel by friction, root absorption,
clay, soil organic matters” (FISRWG, 1998:2-86).

Nutrients and toxic chemicals may attach to sediment particles on land and ride the particles into
surface waters where pollutants may settle with the sediment or become soluble in the water
column. For example, in Johannesburg, the Klip River wetlands have trapped tonnes of heavy
metal toxicants from the surrounding mine dump runoff. However, the rapidly eroding wetland is
threatening to release these pollutants back into the Klip River and to the Vaal River — the source
of drinking water for Johannesburg.

In summary, sediment trapping provides for the storing and recycling of organic matter and
nutrients (Barling and Moore, 1994 in Soman 2007:3), and the removal of nutrients such as
nitrogen, phosphorous and sediment from surface and subsurface flow (Lowrance et al., 1985,
Hill 1996, USDA-WRCS 1999, in Soman 2007:3).

1.2.3 Habitat provision (Habitat)

“Habitat provision” is defined according to Thirion (2008) as any combination of velocity, depth,
substrate (bedrock, cobbles, vegetation, sand, gravel, mud), physicochemical characteristics
(such as chemical composition, turbidity, oxygen concentration, temperature) and biological
features (food source and predators) that will provide the organism with its requirements for each
specific life stage at a particular time and locality.

“The biological diversity and species abundance in streams depends on the diversity of available
habitats; naturally functioning, stable stream systems promote the diversity and availability of
habitats” (FISRWG, 1998:2-59). However there is no fixed reference for aquatic habitat as
different stream structures provide for different habitats.

The important role that riparian forests play in stream ecology is often diminished in urban
watersheds since tree cover is partially or totally removed along the stream as a consequence of
development (May et al. 1997). Even when stream buffers are reserved, encroachment often
reduces their effective width and indigenous species are replaced by alien and invasive trees,
shrubs and ground covers, e.g. kikuyu grass. The loss of tree cover and exposure of impervious
surfaces, ponds, and poor riparian cover in urban watersheds can increase the average summer
stream temperatures by 4°C (Galli, 1991). Since temperature plays a central role in the rate and
timing of living (biotic) and non-living (abiotic) reactions in the stream, such increases have an
adverse impact on streams.

May et al., (1997) highlight other impacts to urban rivers include:
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e The gquantity of large woody debris is reduced due to the loss of riparian forest cover,
storm washout, and channel maintenance. This also affects the water temperature;

e Many forms of urban infrastructure are linear in nature, such as roads, sewers, pipelines,
and cross stream channels. The number of stream crossings increases directly in
proportion to impervious cover in the catchment and riparian area, and many of the
crossings become partial or total barriers to upstream fish migration.

In summary, “the function of habitat provision includes the provision of shade, shelter, breeding
areas and food for fish and other aquatic organisms; wildlife habitat (Soman, 2007:3), habitat and
nursery functions for fish and wildlife “(Castelle et al., 1994 and Bren 1993 in Soman, 2007:3),
and habitat connectivity.

1.2.4 Carbon storage (Regulation)

“As a heat-trapping gas, carbon dioxide is a key component of nature’s thermostat. If the carbon
cycle removes too much CO, from the atmosphere, the earth will cool; if the cycle generates too
much, the earth will get warmer” (Miller, 1998:113). The earth has developed a natural process
for regulating the CO, levels in the atmosphere; this is based on carbon storage. Carbon storage
takes many forms, such as trapping CO, in sedimentary rocks such as limestone, in plants such
as rainforests, and the ocean floor. Organic matter and nutrients are stored and recycled through
the regulation of carbon sequestration. However, human interventions such as mining, burning of
forests, vegetation clearing and fossil fuels, noxious industry etc. disturb these natural processes
and release greater volumes of CO, into the atmosphere. “While stored, this carbon is not
released into the atmosphere as CO,, unless geomorphological processes expose them to air,
e.g. excavation and erosion. Similarly, where carbon is dissolved in water, as the water warms
e.g. by more exposure to sunlight, more dissolved CO, returns to the atmosphere.” (Miller,
1998:113).

1.2.5 Water quality (Regulation)

The riverine zone and its components provide an important service of improving water quality by
filtering and trapping pollutants. Pollutants can be reduced through sediment trapping, prolonged
exposure to sunlight, carbon trapping and so forth. Further the river channel provides a dilution
effect on effluent discharges. Natural river structures such as rapids, riffles, and falls provide
aeration of the water. The water quality can be negatively affected by changes in temperature,
reduced oxygen availability, altered pH, effluent discharges, dumping and waste, high silt loads,
amongst others. These changes in water quality composition affect the ecosystems and biota
living in the riverine zone, as well as the usability of the water such as for potable use and
irrigation.

1.2.6 Subsistence (Production)

Riverine zones provide socio-economic resources such as food, fuel-wood, reeds for weaving,
and medicinal plants that are used by humans for subsistence purposes. The degradation
(especially by development or clearing) of riverine zones reduces the ability to produce these
resources and services. The loss of access to the river and riparian vegetation negatively
impacts these functions.

1.2.7 Cultural, Aesthetic and Recreational (Information / Cultural and Carrier)

Rivers “visually diversify a rural or urban landscape, enhancing landscapes aesthetically,
expanding recreational opportunities (Dosskey et al., 1997, Postal and Carpenter 1997, Field et
al., 2006 in Soman 2007:3), and provide scientific and educational opportunities” (USDA-NRCS
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1999 in Soman 2007:3). Unfortunately a decrease in ecological functions usually results in an
inverse increase in the aesthetic and recreational use of water courses, for example the clearing
of riparian vegetation provides increased access for fishing and similarly the construction of
impoundments results in the increased provision of access for sailing, canoeing, fishing,
swimming, model boating, and so forth. The river and riparian vegetation are also used for
cultural and religious rituals such as baptisms and wedding traditions.

In summary, not all riparian areas would be able to perform these functions to the same extent.
Whilst some may be very good for flood attenuation, others may play more important bank
stabilisation roles. The protection of the riverine function requires a suitable buffer to be
maintained between land use activities in the terrestrial areas and the possible impacts within the
aquatic river channel itself. Maintaining riparian zones - including their naturally dense
vegetation - also allows for riverine functions to be maintained. It is important that a riverine
area’s capacity to provide the functions listed in Table 1.1 are not reduced. On occasion it is
better to protect river reaches that have some good function as a priority (see Rutherfurd et al.,
1999) than to repair some reaches that have become detrimentally degraded. Many of these
areas are best managed as natural areas, rather than being converted to other land uses.

Table 1.1 Summary of riverine functions

Flood attenuation Flood water storage, slowing down, reducing severity
Sediment trapping Trap and retain sediment from runoff water
Habitat provision Reproduction, shelter, migration corridors
Flood zone
(Banks) Carbon storage Trap carbon as organic soil and peat
Cultural / Aesthetic/ Recreational|_. | . - . : - .
.- Fishing, picnic, walking, cycling, not birding, baptisms
Subsistence Firewood, reeds for weaving.
Flood attenuation Flood water storage, slowing down, reducing severity
Sediment trapping Trap and retain sediment from runoff water
Active Water Quality Phosphate, Nitrate, Toxicant assimilation
Channel
(In-stream)  [Aquatic habitat provision Reproduction, shelter, migration corridors
Cultural / Aesthetic/ Recreational|_. , . L . .
Fishing, swimming, canoeing, sailing
use
Subsistence Fire wood, reads for weaving, fishing.
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1.3 The law

Law provides the framework within which all activities are conducted in order to protect state
resources and the rights of the citizens. The law should only pose an obstacle should a person
not comply, e.g. they breach a provision of the law. Therefore, in determining processes for river
rehabilitation or setting rehabilitation objectives there are various applicable laws and legislation,
including, constitutional, administrative, criminal and environmental law, that need to be
considered in order to prevent further, or rectify, any breaches of the laws protecting rivers. The
primary statutes affecting rivers, after the Constitution, are:

e National Environmental Management Act, Act 107 of 1998 (NEMA) and its SEMAs;

e National Water Act, Act 36 of 1998 (NWA), and

e Conservation of Agricultural Resources Act, Act 38 of 1983 (CARA)

e National Heritage Resources Act, Act 25 of 1999 (NHRA)

e National Minerals and Petroleum Resources Act, Act 28 of 2002 (NMPR).

There are several pieces of South African environmental legislation that affect the use-of and
impact-to urban rivers. The key activities identified in the legislation as requiring authorisation
prior to commencement include:

e Vegetation / Site clearing

e Excavation and erosion (includes dredging, removal, etc.)

¢ Infilling, impeding and encroachment (includes depositing and storage)

e Discharge

e Bank stabilising / channel straightening

e Abstraction (includes stream flow reduction, transfers, etc.)

e Impoundments (includes storage of water, dams, etc.)

e Diversion

e Structures (including bridges, culverts, jetties, piers, storm water outlets, etc.)

e Canalising and levees

e Alien vegetation infestation

These activities all require authorisation, permits or licences prior to being carried out, in terms of
the South African Environmental legislation.

The administrative notices available to officials in terms of the various legislation and spheres of
government are summarised in Table 1.2.
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PART 2 - TOOLS
2 LEGISLATION SEARCH TOOL

2.1 About the Legislation Search Tool

The South African environmental legislation affecting riverine systems is both complex and
overlapping and at times contradictory. As enforcement officials are only mandated to work within
the jurisdiction of their allocated legislation, a tool was developed to assist officials in identifying
overlaps with other legislation and therefore overlaps in jurisdiction with other institutions.

The various sections of national legislation related to riverine systems and rehabilitation were
identified. Search words (called “tags”) were attached to each of the identified sections of
legislation. These sections of legislation were captured into a searchable database. Each section
was assigned a set of applicable search tags and the sphere of government responsible for its
implementation. Users are able to search specific sections of the legislation or to search the tag
words for applicable legislation. The results of these two searches present all the sections of
legislation that are applicable or that overlap with the searched section of legislation or the
searched tag word. The results pane shows the Act, section reference and text of the legislation,
as well as other relevant search tags to the text, and the sphere of government responsible for
that section of the legislation.

211 How it works
The legislation search tool provides two types of search functions as illustrated in Figure 2-1.

The first is where the user is familiar with a particular section of legislation, and the second where
the user selects a word to identify what legislation they are looking for.

| Legislation Search |

1%t search 2" search
Specific section of legislation | Tag word
Result: other relevant or Result: Relevant sections of
conflicting sections of legislation to the Tag word.
legislation

Figure 2-1 Legislation search flow diagram

2.2 How to install the Legislation Search Tool
Step 1: Insert the CD into the CD-ROM drive.

Step 2: Open the CD drive, usually the d:\ drive.

Step 3: Click on the Legislation Search folder.

Step 4: Click on the LegSearch.exe file. The program will install automatically. Follow the
prompts of the installation.

Step 5: When installation is complete, click on the windows “start” button, select the Legislation
Search program, Figure 2-2. Click on Legislation Search to run the program.
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Click on Start =2

Figure 2-2 Click on “start” icon, select Legislation Search
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2.3 How to use the Legislation Search Tool

Step 1: Open the Legislation search tool. Select the type of search.

Search type 1: Specific legislation search

>

Step 2: Select legislation

Step 3: Scroll down and select appropriate section of the legislation.

Step 4: Click on selected section. Result appears on right hand pane.
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Search Type 2: Search by Tag word
Step 1: Select “Search By Tag”.

-

Step 2: Scroll down the list of words and select appropriate Tag word. Results appear on the
right hand pane.



UL oty

protected ares . NEMWA 41(1)(d) whether an investigation area -

protected areas (protected area)

pmleﬂ.ed Species NEMWA 41(1) (d)(i) is contaminated, presents a risk to health or the environment, and
recreation 4 must be remediated urgently;

rehabilitate

rehabilitation (rehabilitate) NEMWA 41(1)(d)(i) is contaminated, presents a risk to health or the environment, and
removal 472 must be remediated within a specified period;

riparian zone

river (watercourse) NEMWA 41(1) (d)(i) is contaminated and does not present an immediate risk, but
sediment 473 measures are required to address the monitoring and
sedimentation (sediment) management of that risk; or

site camp L NEMWA 41(1)(d)(v) is not contaminated;

site clearing [ 474

stabilising (watercourse)

Note: the size of the panes can be adjusted to view all the information in the results pane. Scroll
over the centre column between the search and results panes, when the double sided arrow
appears, left-click on the mouse and hold, and drag the mouse (box border) to the left or right as
you require. The viewing pane of the results box will increase or decrease respectively.

2.4 Updating the Legislation Search Tool

The legislation captured in the database was the legislation on the day of compilation. The
environmental legislation is regularly revised and amended. Officials should contact the National
Department of Environmental Affairs for the updated database of environmental legislation if they
are unsure of the latest amendments.
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3 SITE ASSESSMENT FORM

3.1 About the Site Assessment Form

When conducting site inspections there is a Standard Operating Procedure (SOP) for
Environmental Management Inspectors (EMIs) (DEA, 2010). This SOP, however, does not
specify what indicators to assess to determine the resultant environmental impact of non-
compliant activities, but rather serves as a guide as how to record samples, photos, protocols
etc. Further as different institutions have differing objectives the information they are inspecting
may differ between enforcement officials. In an effort to standardise site assessments that
involve urban rivers this research developed a Site Assessment Form (SAF). The SAF provides
the uniform collection of information regarding impacts to the river by all enforcement officials.
The form will serve as part of the site inspection report and additional notes, photos, etc. can still
be attached to the form. As the form is standardised this enables easy comparison of results
between the initial inspection and follow-up monitoring inspections. Should there be a change in
officials dealing with the case the original inspection observations are easily and clearly reported
on. This is based on “layman” science, to cater for the current skills of enforcement officials.

3.2 The Site Assessment Procedure

When responding to a complaint or compliance inspection, the officials should conduct a site
assessment as part of the initial site inspection, Figure 3-1. This involves completing the Site
Assessment Form while inspecting the activities on site. Additional notes (including photos, site
layout diagram, sample results, etc.) from the site inspection should be attached to the
completed Site Assessment Form to compile the site inspection report. A site assessment should
be conducted for the specific site, as well as for a site further upstream on the same river in order
to provide a reference point. If the site is very large, with several hundred metres of river reach,
or there are several activities impacting on the watercourse, the complete the assessment
several times, i.e. 1 per 100m, or 1 per activity. Be sure to mark each assessed area on the site
layout diagram. When back in the office it is important for the officials to check whether the
activities in question also fall into the jurisdiction of adjacent legislation and institutions, this can
be done by carrying out a search on the Legislation Search Tool. Once the Site Assessment
Form is completed electronically, the Dashboard Tool will indicate the disturbances, by which
activities, to the riverine functions on the specific site. Based on the findings of the Site
Assessment Form and the result of the Dashboard Tool, the officials can draft the warning letter
(pre-compliance, pre-directive) and request the necessary specialist studies to be carried out to
inform the rehabilitation plan.
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Complaint C&E unit

C&E unit Monitoring permit
conditions

y
Site inspection/ Conduct Site Assessment

investigation
\ 4
If no contravention If contravention
y
Close case Warning letter
/ Monitor . Request specialist studies
. ey . ~

. Submit rehabilitation plan Accused
. List of remedy actions

v
In-house specialists P Submit specialist studies
review / comment on ~ & rehabilitation plan
studies & rehabilitation plan

4

Directive / Compliance Notice
. Request specialist studies

| . Comply with approved rehabilitation plan
N4

. List of remedy actions
If comply If not comply
v \ll
Close case / Other administrative enforcement
Monitor / Department carry out rehabilitation

Figure 3-1 Basic case procedure

3.3 Equipment

When conducting site inspections, officials should always adhere to the Standard Operating
Procedure for site inspections (refer to section Additional Guides) and to the recommended
Personal Protective Equipment (PPE) advised on site, Figure 3-2. As a basic, officials should
wear steel toe-capped boots, wear gloves when handling samples, if necessary wear protective
goggles, gloves and breathing mask, as well as wear a hard hat and overalls or protective
clothing. When working around water and liquids, officials should be vigilant for their own safety
and that of their colleagues and comply with necessary health and safety protocols.
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Figure 3-2 Personal protective equipment signs

Other necessary equipment includes a camera and GPS to record features on the site, a ruler
and tape measure to take measurements, notebook and pen/pencil to record observations on
site, and HTH dipsticks to test the water pH. A diagram of the site should be drawn (the Site
Assessment Form makes provision for this diagram). The diagram should indicate useful and
important information about the site e.g. the location of buildings and activities; storage/dumping
of waste/ effluent/ substances; discharge outlets, storm water drains, etc. as well the different
areas of assessment. Photographs of the various useful and important aspects of the site should
also be taken. All photographs should be dated, and be referenced with GPS points and noted
on the site diagram.

3.4 Completing the Site Assessment Form

The Site Assessment Form (the form) Figure 3-3, can be completed in hardcopy (on paper) in
the field, but should then be captured electronically in the Dashboard Tool when back in the
office in order for the Dashboard Tool to calculate the results. Field sheets can be printed by
opening the cd and the pdf document Field Form.

The Field Form includes the options of measures on the form per indicator to enable the official
to familiarize themselves with the characteristics of the site. Where an official is unsure of the
meaning or description of the measures, they should refer to this Guideline. If they are still
unsure, they should consult an in-house specialist such as an ecologist, for clarity or assistance.

Note when completing the Field Form that the left bank refers to the left bank when
looking downstream.
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SITE ASSESSMENT FORM

Section 1: Record of Inspection

Site name:

Site description:

GPS Coordinates start of reach:

GPS Coordinates end of reach:

Date of Inspection:

Inspection number:

Inspector name:

Weather on day of inspection?

Weather 2 days prior?

Does the site include? |Bed only |Left bank and bed|Right bank and bed |Both banks
Is the reach of river near the? |Source |Foothi|ls |Flat lands |Sea/estuarv

Section 2: Site Description

Indicators Left Flood Bank Right Flood Bank

Land use type Measure % cover Measure % Cover

Agriculture

Forestry

Education

Land use type

and % cover Mining

Recreational / Open space

Commercial

Industrial (incl. WWTW)

Residential

Left Flood Bank Right Flood Bank

Type % cover Type % cover

Dominant ground cover type

Type of ground |Other

cover and % |Other

cover Other

Other

Left Flood Bank Active Ch | Right Flood Bank
Geomorphic Height of vertical banks (60°-90°)
character Channel substrate description
Left Flood Bank In-stream Right Flood Bank
Type Cover Type Cover Type Cover

Riverine
vegetation |Dominant vegetation type

composition [Other

Other

Section 3: Activities on the site
Which of the following activities are taking place on site? Yes / No
Vegetation / Site clearing
Excavation / erosion (dredging, removal, etc.)
Infilling, impeding, encroachment (includes depositing, dumping, storage)
Discharge
Bank stabilising / channel straightening
Abstraction/ stream flow reduction / transfers
Impoundments (includes storage of water, dams, etc.)
Diverting of stream flow (includes for irrigation)
Structures (bridges, jetties, piers, storm water outlets, etc.)
Canalising / levees (flood prevention-banks)
Alien and/or invasive vegetation infestation




Section 4: Site Assessment

Indicators Left Flood Bank Active Ch | Right Flood Bank

4.1 Erosion on site (out the channel)

4.2 % vegetation is invasive
4.3 Continuity of riverine zone
4.4 Dumping / rubble

4.5 Litter

Site character

Left Flood Bank Active Ch | Right Flood Bank

4.6 Macro-channel bank erosion (flood
bank)

Erosion and |4 7 Extent of erosion on S-bends
armouring

4.8 Bank armouring
4.9 Active channel bed erosion

Left Flood Bank Active Channel Right Flood Bank

4,10 State of discharge outlets
4.11 Canalisation / channelling

4.12 Levees / Flood prevention bank

Hydrol
yarology 4.13 Abstraction from watercourse

4.14 Impoundments
4.15 Culverts / bridges
4.16 Flood debris

In stream

4.17 Colour
4.18 Odour
4,19 Clarity
4.20 Temperature
In stream water|4.21 Foam
quality 4.22 pH
4.23 Oily sheen
4.24 Nutrients
4.25 Oxygen availability
4.26 Indication of life

Left Flood Bank Right Flood Bank

4.27 Colour

4.28 Odour

4.29 Foam

4.30 Oily sheen
431p.H

4.32 Temperature

If there is
discharge from
outlets

Figure 3-3 Site Assessment Form/ Field Form

35 The Site Assessment Form

The Site Assessment Form (the form) is comprised of 5 sections.

3.5.1 Section 1: Record of Inspection

These are the details of the assessment, Figure 3-4: where the site is located, the caseffile
name, which inspector/s are conducting the site assessment, the assessment number of site
(e.g. initial assessment, follow up monitoring 1, follow up 2, etc.), the weather on the day of
assessment and the weather on the previous two days prior to the assessment. As well as what
sections of the river channel are included in the assessment, and where in the catchment is the
site located i.e. source, foot hills, etc.; delete the option not applicable.
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SITE ASSESSMENT FORM

Section 1: Record of Insepction
Site name: Emmerentia Dam
Site description: Tributary of Braamfontein Spruit
GPS Coordinates start of reach:
GPS Coordinates end of reach:

Date of Inspection: 19/03/2013

Inspection number: 1 - initial inspection

Inspector name: Jack Black

Weather on day of inspection? Sunny and warm

Weather 2 days prior? Raining, overcast, cold

Does the site include? Bed only Left bank and bed [Right bank and bed Both banks %
Is the reach of river near the? Source Foothills Flat lands Sea/estuary

Figure 3-4 Site Assessment Form Section 1: Record of Inspection

3.5.2 Section 2: Site Description

The Site Description provides a record of the description of the site, per flood bank (green
columns) and the active channel (blue column) where relevant. If a zone does not have a
coloured block for a particular indicator, then that zone does not need to be recorded for that
specific indicator. For example, height of vertical banks has a green block for left and right flood
banks, but no blue box for active channel, thus only the flood banks require a measure of
description. Similarly the channel substrate is only found in the active channel and not on the
flood banks, therefore only a description for active channel is necessary.

The site description, Figure 3-5, includes: the land use and % cover of land use on the site; the
type of ground cover e.g. pervious, paved, etc., and its % cover; geomorphic characteristics such
as height of the river banks and the description of the channel substrate; and the dominant types
of riverine vegetation and % cover of each. The different descriptions are explained in more
detail in section 4.6 of this chapter.
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Section 2: Site Description
Indicators Left Flood Bank Right Flood Bank
Land use type Measure % cover Measure % Cover
Agriculture
Forestry
Educati
Land use type ‘u'ca on
Mining
and % cover -
Recreational / Open space
Commercial
Industrial (incl. WWTW)
Residential
Left Flood Bank Right Flood Bank
Type % cover Type % cover
Dominant ground cover type
Type of ground [Other
cover and % |Other
cover Other
Other
Left Flood Bank Active Ch | Right Flood Bank
Geomorphic Height of vertical banks (60°-90°)
character  [Channel substrate description
Left Flood Bank In-stream Right Flood Bank
Type Cover Type Cover Type Cover

Riverine
vegetation |Dominant vegetation type

composition |Other
Other

Figure 3-5 Site Assessment Form Section 2: Site Description

3.5.3 Section 3: Activities on the Site

The third section, Figure 3-6, refers to the listed activities that are observed or have taken place
on the site at the time of assessment. The officials are required to indicate yes or no as to which
activities, or evidence of which activities are observed during the site assessment.

Section 3: Activities on the site
Which of the following activities are taking place on site? Yes / No
Vegetation / Site clearing
Excavation / erosion (dredging, removal, etc.)
Infilling, impeding, encroachment (includes depositing, dumping, storage)
Discharge
Bank stabilising / channel straightening
Abstraction/ stream flow reduction / transfers
Impoundments (includes storage of water, dams, etc.)
Diverting of stream flow (includes for irrigation)
Structures (bridges, jetties, piers, storm water outlets, etc.)
Canalising / levees (flood prevention-banks)
Alien and/or invasive vegetation infestation

Figure 3-6 Site Assessment Form Section 3: Activities on the site

3.5.4 Section 4: Site Assessment

Section 4, Figure 3-7, of the form comprises the actual site assessment. The criteria are
completed based on the official's observations on the site. The official selects the best
description from the provided measures for each of the indicators per left flood bank, active
channel, and right flood bank as required. The provided measures are included on the field form
for ease of reference, and are elaborated on in Section 3.6 Assessing the Site.
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Section 4: Site Assessment

Indicators Left Flood Bank Active Ch | Right Flood Bank
4.1 Erosion on site (out the channel)
site ch 4.2 % vegetation is invasive
ite character 4.3 Continuity of riverine zone
4.4 Dumping / rubble
4.5 Litter
Left Flood Bank Active Ch | Right Flood Bank

4.6 Macro-channel bank erosion (flood
bank)

4.13 Abstraction from watercourse

4.14 Impoundments

4.15 Culverts / bridges

4.16 Flood debris

Erosion and |47 Extent of erosion on S-bends

armouring
4.8 Bank armouring
4.9 Active channel bed erosion

Left Flood Bank Active Channel Right Flood Bank

4,10 State of discharge outlets
4.11 Canalisation / channelling
4.12 Levees / Flood prevention bank

Hydrology

In stream

In stream water
quality

4.17 Colour

4.18 Odour

4.19 Clarity

4.20 Temperature

4.21 Foam

4.22 pH

4.23 Oily sheen

4.24 Nutrients

4.25 Oxygen availability

4.26 Indication of life

Left Flood Bank

Right Flood Bank

If there is
discharge from
outlets

4.27 Colour

4.28 Odour

4.29 Foam

4.30 Oily sheen

431p.H

4.32 Temperature

Figure 3-7 Site Assessment Form Section 4: Site Assessment

355 Section 5: Additional Information

Section 5 provides for any additional information such as the site layout diagram, and any
additional notes such as number of samples collected, reports/documentation collected, or other
observations of the site not captured in sections 2-4 of the field form.
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3.6 Assessing the site

The criteria, indicators, measures and concepts that the Site Assessment Form are based on,
are detailed further in this section.

SECTION 2: SITE DESCRIPTION

The criteria and indicators in Section 2 collect information about the description of the site. This is
important for record keeping purposes, so when further monitoring of the site is carried out,
changes to the site can be monitored by reviewing the changes in the scale of the measures.
The site description is composed of indicators of the land use and percentage (%) cover of land
use on the site; the type of ground cover e.g. pervious, paved, etc., and its % cover; geomorphic
characteristics such as height of steep river banks and the description of the channel substrate;
and the dominant types of riverine vegetation and % cover of each.

3.6.1 Land use type and % (percentage) cover

The City of Cape Town (2009b) has observed that watercourses in urban areas are important to
a city’s biodiversity network, integral to the stormwater management system and generate
recreational and economic opportunities. However, urbanisation has greatly impacted natural
watercourses. Land use impacts the riparian corridor in several ways, such as water quality due
to runoff and effluent discharge, increased flow due to increased runoff, changes in biodiversity
due to altered characteristics, etc. Many of the criteria and indicators still to be discussed in this
section address these particular impacts.

The indicators of land use type look at the anthropogenic (human-induced) changes in the
catchment and adjacent to the riverine corridor. As the land uses cannot be rehabilitated, these
indicators are not quantifiably measured. The type of land use and the percentage of the site
covered by the identified land uses are recorded as part of the site description. The estimated
percentage cover relates to the proportion of the site that is occupied or covered by each of the
land use types and is measured according to Table 3.1. More than one type of land use may
occur on a site.

Table 3.1 Measure of land use % (percentage) cover

Measure Description

0-20% Little to no cover (less than %)

21-50% Some activity, less than majority of site (¥4 to ¥ the site)
51-80% Majority of site, with some areas excluded (%2 to ¥ of the site)
81-100% Almost, to full cover

The indicators for land use include both the type and the estimated percentage cover of the
activity on the site. The land use type description is recorded according to Table 3.2, not the
different descriptions per land use. The land use of the specific site is recorded for the left-hand
side and the right-hand side of the riverine zone. There is no land use in the active channel and
therefore this is not recorded.
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Table 3.2 Measure of land use type

Measure | Description

Agriculture

Dry Agriculture: dry cultivation (no irrigation)

Irrigated Agriculture: irrigated cultivation

Livestock Agriculture: livestock farming

Mix irrigated Agriculture: mixture livestock and irrigated cultivation

Mix dry Agriculture: mixture livestock and dry cultivation

Education

Fields Educational buildings and sports fields

No fields Educational buildings with no sports fields

Forestry

Woodlot Forestry: woodlot, cluster of trees

Indigenous Forestry: Indigenous plantation

Plantation Forestry: alien plantation (Eucalyptus, pine, etc.); Orchards
Mining

Surface Mining: surface mining (includes, quarries and borrow pits)
Underground Mining: underground mining

Sand Mining: sand mining

Recreational / Open Space

Open Recreational: sports fields, nature reserve, park, etc.
Closed Recreational: other; buildings, developed, etc.
Government Recreational: military bases

Commercial

Commercial | Commercial: includes office parks, shops, medical centres, hotels, banks, etc.

Industrial (including WWTW)

Industrial: heavy / toxic, includes production of energy, chemicals, steel, plastics, olil
Heavy )
refinery, etc., wastewater treatment works (WWTW)
Light Indqstrial: light includes manufacture of consumer products, clothes, electronics,
furniture, etc.
Residential
Low Residential: Low density = < 4 houses per hectare
Medium Residential: Medium density = 5-25 houses per hectare
High Residential: High density = >26 houses per hectare

The activities within the land use type may contribute to the degradation of ecosystem functions,
and these can be remedied through an Environmental Management Plan (EMP), but the land
use itself does not necessarily constitute an illegal activity.

The Federal Interagency Stream Corridor Restoration Working Group (FISRWG) (1998) includes
a summary of the different types of land use and their impacts to the riverine zone. These
aspects of the different land use types are replicated here.

3.6.1.1 Agriculture

Agriculture includes the regular tillage of soil and planting of uniform crops for regular production,
as well as domestic livestock grazing. FISRWG (2001:3-14) conclude that agricultural activities
have generally resulted in encroachment on stream corridors, resulting in significant changes to
the structure and mix of functions usually found in stable systems. In recent years there has been
a move away from regular tilling of agricultural land in an effort to reduce erosion and soil loss.

39



Agricultural land use type includes dry land cultivation (Dry), irrigated cultivation (Irrigated),
livestock (Livestock) and combinations thereof (Mix irrigated or Mix Dry).

According to FISRWG (2001:3-14) disturbance activities related to agriculture include:

(0]

Vegetation clearing — farmers often crop as much productive land as possible to
enhance economic returns; therefore riparian vegetation is sacrificed to increase arable
area. Vegetation removal from stream banks, floodplains and uplands often conflicts with
the hydrological and geomorphic functions of stream corridors. These disturbances can
result in sheet, rill and gully erosion, reduced infiltration, increased upland surface runoff
and transport of contaminants, increased bank erosion, unstable stream channels and
impaired habitat.

In-stream modifications — flood-control structures and channel modifications e.g. channel
straightening to square-up fields, implemented to protect agricultural systems further
disrupt the geomorphic and hydrologic characteristics of stream corridors and associated
uplands. Some of the potential effects caused by these changes are impaired upland or
floodplain surface and subsurface flow; increased water temperature, turbidity, and pH;
incised channels; lower ground water elevations; stream bank failure; and loss of habitat
for aguatic and terrestrial species.

Soil exposure and compaction — tillage and soil compaction interfere with the soil's
capacity to partition and regulate the flow of water in the landscape, increase surface
runoff, and decrease the water-holding capacity of soils.

Irrigation and drainage (including abstraction) — diverting surface water for irrigation and
depleting aquifers have brought about major change in stream corridors. Agricultural
drainage, which allows the conversion of wetland soils to agricultural production, lowers
the water table. Tile drainage systems concentrate groundwater discharge to point
sources, in contrast to a diffuse source of seeps and springs in more natural discharges.
These practices have eliminated or fragmented habitat and natural filtration systems
needed to slow and purify runoff.

Sediment and contaminants — disturbance of soil associated with agriculture generates
runoff polluted with sediment, a major nonpoint source pollutant. Pesticides and nutrients
(mainly nitrogen, phosphorous, and potassium) applied during the growing season can
leach into ground water or flow in surface water to stream corridors, either dissolved or
absorbed to soil particles. Further, improper storage and application of animal waste
from concentrated animal production facilities are potential sources of chemical and
bacterial contaminants to stream corridors.

Soail salinity — is a naturally occurring phenomenon found in most floodplains and other
low lying areas of wet soils, or shallow water tables. Agricultural activities in such
landscapes can increase the rate of soil salinization by changing vegetation patterns or
by applying irrigation water without adequate drainage. Since crops do not use up the
salts, they accumulate in the soil.

Further to agricultural land use, domestic livestock grazing has its own impacts. Stream corridors
are particularly attractive to livestock (including cattle, sheep and goats) as they are generally
highly productive, providing ample forage, water is close at hand, shade is available to cool the
area, and slopes are relatively gentle. Poorly managed grazing systems can result in loss of
vegetative cover due to its consumption and trampling and stream bank erosion from the
presence of livestock. FISRWG (2001:3-18) identified the following disturbance activities
associated with domestic livestock grazing:

o

Loss of vegetative cover — reduced vegetative cover can increase soil compaction and
decrease the depth of and productivity of topsoil. Reduced cover decreases shade and
increases water temperatures. Sediment from upland or stream bank erosion can reduce
water quality through increases in turbidity and attached chemicals. Where animal
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concentrations are large, fecal material can increase nutrient loads above standards and
introduce bacteria and pathogens. Dissolved oxygen reductions can result from high
temperature and nutrient-rich water. Extensive loss of ground cover can decrease
infiltration and increase runoff, leading to higher flood peaks and additional runoff
volume.

0 Physical impacts of livestock — trampling, trailing and similar activities of livestock
physically impact stream corridors, especially by compaction. Trailing can break down
stream banks, causing bank failure and increasing sedimentation. Excessive trailing can
result in gully formation and eventual channel extension and migration.

3.6.1.2 Forestry

Activities associated with forestry activities include site preparation, the removal of trees, and
transportation of products. These have similar disturbance activities and resultant impacts on
riparian corridors as agricultural activities. Forestry may include woodlots for basic energy supply
and consumptive use, indigenous forests, and plantation forests for the productive use of wood.
The plantation forests are usually alien or invasive species such as eucalyptus (blue gum) or
pine trees as they are quick growing.

3.6.1.3 Mining

Mining activities refer to surface mining, including quarries and borrow pits, underground mines
and sand mining. Land use activities of mining such as exploration, extraction, processing and
transportation (including of coal, minerals, sand and gravel, and other materials) has historically
had and still continues to have a devastating impact on stream corridors. The FISRWG (2001:3-
19) identified the following disturbance activities related to mining land use:

0 Vegetative clearing — mining activities (including the mine site, transportation facilities,
processing plant, tailings piles, etc.) requires the removal of large areas of vegetation;
the reduced shade can increase water temperatures which can harm aquatic species.
Loss of cover vegetation, poor-quality water, changes in food availability, disruption of
migration patterns, and similar difficulties can have serious effects on terrestrial wildlife.
Species composition may change significantly with a shift to more tolerant species.

o Soil disturbance — mining activities cause extensive changes to soils including loss of
topsoil and soil compaction. Covering of soils by materials such as tailings dams or mine
dumps further reduces the area of productive soils. These activities decrease infiltration,
increase runoff usually containing contaminants, accelerate erosion, and increase
sedimentation.

o Altered hydrology — surface mining is, perhaps, the only land use with greater capacity to
change the hydrologic regime of a stream than urbanisation. Increased runoff and
decreased surface roughness will cause peaks earlier in the hydrograph with steeper
rising and falling flow rates. Once-perennial streams may become intermittent or
ephemeral as base flow decreases. Sand mining releases water that was stored in the
stream banks, into the flow, thereby desiccating the adjacent wetlands.

o Contaminants — water and soils are contaminated by acid mine drainage (AMD) and the
materials and chemicals used in mining activities. Many hard rock mines are located in
iron sulfide deposits. Upon exposure to water and air, such deposits undergo sulfide
oxidation with attendant release of iron, toxic metals (e.g. lead, copper, zinc), and
excessive acidity. Toxic runoff or precipitates can kill streamside vegetation or can cause
a shift to species more tolerant of mining conditions. This affects habitat required by
many species for cover, food, and reproduction. Aquatic habitat suffers from several
factors. AMD can coat stream bottoms with iron precipitates, thereby affecting the habitat
for bottom-dwelling and feeding organisms. AMD also adds sulfuric acid to the water,
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killing aquatic life. The low pH alone can be toxic, and most metals exhibit higher
solubility and more bioavailability under acidic conditions. Precipitates coating stream
bottom can eliminate places for egg survival. Fish that do hatch may face hostile stream
conditions due to poor water quality, loss of cover, and limited food base.” (FISRGW,
2001:3-21).

3.6.1.4 Recreational and open space

Recreational areas if grassed or vegetated provide a good buffer for the riparian habitat and
provide flood storage area, however recreational areas are usually vegetated with alien and
invasive vegetation especially Kikuyu grass. According to the FISRWG (2001:3-21), the amount
of impacts caused by recreation depends on soil type, vegetation cover, topography, and
intensity of use. Various forms of foot and vehicular traffic associated with recreational activities
can damage riparian vegetation and soil structure. All-terrain vehicles, such as quad bikes,
scramblers, 4x4, mountain bikes, etc., can cause increased erosion and habitat reduction. At
locations heavily used by hikers, cyclists and horse riders, reduced infiltration due to sail
compaction and subsequent surface runoff can result in increased sediment loading to the
stream (Cole and Marion, 1988). In areas where the stream can support recreational motor
boating, the NRC (1992) warn that propeller wash and water displacement can disrupt and re-
suspend bottom sediments, increase bank erosion, and disorient or injure sensitive aquatic
species; further, waste discharges or accidental spills from boats or loading facilities can also
contribute pollutants to the system.

While not necessarily recreational, land zoned as Government, usually includes military bases.
These are usually well buffered by vegetation and have similar impacts as recreational land use.

3.6.1.5 Industrial

Industrial land use has similar hydrological impacts as urbanisation due to the conversion of
open land to impervious surfaces. However, the most significant impact from industrial land use
is in the effluent that is discharged from industrial process into water courses. These are
summarised in Table 3.3. Further the heating of water in the industrial processes leading to the
discharge of heated effluent can seriously impact on the habitat and water quality of the
watercourse; this is discussed under the Temperature indicator in the Water Quality criteria.

Table 3.3 Toxic substances present in industrial effluents (adapted from DWAF (1996) and
Hellawell (1986)).

Substance Potential environmental effect Source
Acids « High acidity increases the corrosive power of the river, | Chemical industries, battery
especially on concrete manufacture, mine waters, iron and
« High acidity is an unsuitable habitat for common copper pickling wastes, brewing,
biodiversity species textiles, insecticide manufacture
Alkalis « Alkalinity of water impacts on the ability of the water Kiering of cotton and straw, cotton
to neutralize acids mercerizing, wool scouring,
laundries
Ammonia « Fish experience a loss of equilibrium, hyper- Gas and coke production, chemical
excitability, an increased breathing rate, an increased industries
cardiac output and oxygen intake, and in extreme
cases convulsions, coma and death
« Other effects include a reduction in hatching success,
reduction in growth rate and morphological
development, and pathological changes in tissue of
gills, liver and kidneys
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Arsenic * Reduced growth and reproduction in both fish and Phosphate and fertilizer
invertebrate populations manufacturer, sheep dipping
« Causes behavioural changes such as reduced
migration in fish
« Human consumption of contaminated fish can pose a
health risk
Atrazine < Results in chlorosis and death Systemic herbicide
« Decreased growth and reproduction in invertebrates,
while a mild skin irritant in mammals
 Leads to imbalances in aquatic food-webs
Cadmium  Large quantities are toxic Metal plating, phosphate fertilizers

« Inhibits bone repair mechanisms, is teratogenic,
mutagenic and carcinogenic

Chlorine (free)

* adverse changes in blood chemistry, damage to gills,
decreased growth rate, and restlessness preceding
loss of equilibrium and death

« Invertebrates become immobile, and exhibit reduced
reproduction and reduced survival on exposure
 phytoplankton experiences reduced rates of
photosynthesis and respiration

Paper mills, textile bleaching,
laundries

Chromium » Temporarily reduced growth phase for young fish Metal plating, chrome tanning,
anodizing, rubber manufacture
Copper * Large quantities are toxic; Plating, pickling, textile (rayon)
« Causes brain damage in mammals manufacture
Cyanide * Interferes with aerobic respiration Iron and steel manufacture, gas
production, plating, case hardening,
non-ferrous metal production, metal
cleaning (e.g. gold)
Endosulfan « Effects include mortality, birth defects, tumours and Insecticide and pesticides
genetic changes and altered behaviour
Fluoride « Skeletal fluorosis Phosphate fertilizer production, flue
gas scrubbing, glass etching
Formaldehyde |  Skin, and respiratory tract irritant Synthetic resin manufacture,
« Causes severe injury to the gastrointestinal tract; antibiotic manufacture
« disrupts cellular functions which can result in cell
death
Hydrocarbons | * Suffocates aquatic species and reduces dissolved Petroleum-based substances,
oxygen Petroleum refining, organic
« Visible sheen on the surface of the water chemical manufacture, rubber
manufacture, engineering works,
textiles
Iron « Large quantities are toxic Coke and coal, acid mine drainage,
mineral processing, sewage, landfill
leachates and the corrosion of iron
and steel
Lead * Large quantities are toxic Paint manufacture, battery
« Interferes with haemoglobin synthesis manufacture
« Affects membrane permeability and can result in
suffocation and death
« Inhibits some of the enzymes involved in energy
metabolism
« Can cause spinal deformities
Mercury « Severely poisonous; Paint, fungicide, paper and pulp,

» Neurological disturbances, renal dysfunction, damage
to the reproductive systems

electrical
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Nickel » Toxic effects include the death of animals, birds, or Metal plating, iron and steel
fish, and death or low growth rate in plants manufacture
Nitrogen » Hypertrophic conditions Agricultural fertilizers, organic
(inorganic) » Low levels of species diversity industrial wastes
Phenols * Nerve poison giving rise to an increased blood supply | Gas and coke production, synthetic
and respiratory rates, colour changes, increased resin manufacture, petroleum
secretion of mucus, reduction in growth, general refining, tar distillation, chemical
inflammation, and a loss of balance and co-ordination; industries, textiles, tanning, iron and
« Death may occur quickly or following a period of steel, glass manufacture, fossil fuel
depressed activity and occasional convulsions electricity generation, rubber
processing
Selenium » Reduced reproduction, changes in feeding behaviour Paint manufacture; food
and equilibrium, pathological changes, deformities, processing, steel, pesticides, dye
haematological (blood) changes and death manufacturing, rubber
manufacturing, and metal alloy and
electrical apparatus manufacturing
Sulphides « Toxic as hydrogen sulphide, and causes gill damage Leather tanning and finishing,
and respiratory arrest, and makes the fish susceptible rubber processing, gas production,
to parasite attack and disease rayon manufacture, dyeing, pulp
processing and paper mills, viscose
film manufacture
Toxic » Resistant to environmental degradation Solvents, pesticides, polyvinyl
Organics « Impacts on endocrine, reproduction and immune chloride, and pharmaceuticals
systems
Zinc « Can cause death due to formation of insoluble Galvanising, plating, rubber
compounds in the mucus covering the gills processing, rayon manufacture, iron
*« Oedema and liver necrosis; and steel production

3.6.1.6 Urbanisation (Commercial and residential)

Urbanization includes land uses of residential, education, commercial, industrial and government
zoned land. “Impervious cover directly influences urban streams by dramatically increasing
surface runoff during storm events (FISRWG, 2001:3-22).” It is advisable to investigate whether
upstream detention or retention can be provided within the catchment to at least partially restore
the predevelopment hydrologic regime. The FISRWG (2001:3-23) identifies the following
disturbance activities associated with urbanisation:

(0]

Altered hydrology — The peak discharge associated with the bank full flow (i.e. 1-2 year
return storm) increases sharply in magnitude in urban streams. In addition, channels
experience more bank full flood events each year and are exposed to critical erosive
velocities for longer intervals (Hollis 1975; Macrae, 1996; Booth and Jackson 1997).
Since impervious cover prevents rainfall from infiltrating into the soil, less flow is
available to recharge groundwater. Consequently, during extended periods without
rainfall, base flow levels are often reduced in urban streams (Simmons and Reynolds
1982).

Altered channels — The higher flow events of urban streams are capable of performing
more “effective work” (more erosive) in moving sediment than they had done before
(Wolman 1964) The customary response of urban streams is to increase their cross-
sectional area to accommodate the higher flows, by either streambed down cutting or
stream bank widening or a combination of both. Stream channels react to urbanisation
not only by adjusting their widths and depths, but also by changing their gradients and
meanders (Riley, 1998). Urban stream channels are also extensively modified in an
effort to protect adjacent property from stream bank erosion or flooding. Headwater
streams are frequently enclosed within storm water drains, while others are channelized,
lined or armored by heavy stone and gabions. Another modification unique to urban
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streams is the installation of sanitary sewers underneath or parallel to the stream
channel.

o Sedimentation and contaminants — The exceptionally high rate of channel erosion in
urban streams, coupled with sediment erosion from active construction sites, increases
sediment discharge to urban streams. Urban streams tend to have a higher sediment
discharge than nonurban streams, at least during the initial period of active channel
enlargement. The water quality of urban streams during storm events is consistently
poor. Urban stormwater runoff contains moderate to high concentrations of sediment,
carbon, nutrients, trace metals, hydrocarbons, chlorides, and bacteria (Schueler 1987).
Pollutants deposited in streambeds exert undesirable impacts on stream communities.

0 Impervious surfaces — more urbanisation results in increased coverage of impervious
surfaces.

e Commercial activities further include disturbance activities such as contaminated runoff,
pipelines/outlets, toxic pollutants, and illegal dumping.

e Education activities include schools, colleges, universities and universities of technology.
Educational facilities usually include buildings and sports fields. The impacts are similar to
recreational and commercial activities.

e Industrial activities include further disturbance activities such as toxic pollutants, increased
runoff due to increased impervious surfaces; contaminated runoff, pipelines/outlets; illegal
dumping; exposed and compacted soils e.g. truck yards.

e Residential activities increase the area of impervious surfaces causing increased runoff;
runoff contains pollution such as oil, hydrocarbons, fertilizer, pesticide and litter. Residential
activities also include vegetation clearing, soil compaction, overflowing sewers, and the
introduction of exotic and alien vegetation. Residential areas also tend to encroach into
riparian areas and can create barriers to migration along river edges.

3.6.2 Type of ground cover and % cover

Left Flood Bank Active Channel Right Flood Bank
Measure % cover Measure % cover Measure % cover

Dominant gorund cover type

Type of ground
coverand %
cover

Other
Other
Other
Other

Macfarlane et al., (2008) highlight that the greater the extent of hardened surfaces (e.g. roofs,
parking lots, etc.) or area of bare compacted soil in the catchment or on site, will lead to reduced
infiltration of stormwater and groundwater recharge and therefore increase the surface runoff.
This results in an increase in flood peaks. Figure 3-8 illustrates this relationship between
increased impervious surfaces and increased runoff. Note how as the percentage of impervious
cover increases, that the rate of evapotranspiration and infiltration (both shallow and deep)
decreases, while the volume of runoff increases. According to FISRWG (2001:3-23) as little as
10% increase in impervious surfaces can lead to stream degradation.
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Figure 3-8 Relationship between change in ground cover and runoff. (FISRWG, 2001:3-23)

The type of dominant ground cover is measured according to the type of ground cover as well as
the percentage coverage of each type of ground cover on the site. The measures of ground
cover type and the percentage coverage are indicated in Table 3.4 and Table 3.5 respectively.
The may be more than one type of ground cover on a site e.g. landscaped garden, road, and
buildings.

Table 3.4 Type of ground cover

Good Measure Description
Vegetated Natural vegetation, creeper, shrubs, etc.
Kikuyu grass Manicured lawns, kikuyu grass, etc.
. Pervious surfacing, such as planted pavers, gravel, bare uncompact soil,
Pervious
etc.
Compacted soil | Bare compacted soil.
Bad Impervious Impervious surfacing, such as tar, concrete, brick paving, etc.

Table 3.5 Percentage (%) coverage of ground cover type

Measure Description

None No coverage on the site

0-30% Small coverage on the site

30-60% Large coverage but not majority of the site
=>60% Majority to total coverage on the site
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3.6.3 Height of steep banks (60°-90°)

Geomorphic Left Flood Bank Active Channel Right Flood Bank
character Height of steep banks (60°-90°) |

According to the USDA (1998) high and steep banks are more susceptible to erosion or collapse.
Similarly high banks lead to channelling of the river with reduced opportunity for flood waters to
reach the flood plain, or associated wetlands, which in turn can contribute to reducing the riparian
zone and drying out associated wetlands. Steep bank refers to the watercourse banks that over
45° angle to the water, i.e. 60°-90°. The height of steep banks is measured from the edge of the
active channel to the height of the flood bank, as indicated in Table 3.6. If there are no steep
banks on the site, then select none.

Table 3.6 Height of steep banks

Measure Description

>4m Height of bank from active channel edge more than 4metres
2-4m Height of bank from active channel edge between 2 and 4metres
1-2m Height of bank from active channel edge between 1 and 2metres
<lm Height of bank from active channel edge less than 1metres
None No steep banks

3.6.4 Channel substrate description

Left Flood Bank Active Channel Right Flood Bank

Geomorphic

character Channel substrate description

The substrate (sediment type) provides in-channel habitat for various aquatic organisms. Fine
substrate materials generally provide habitat for smaller organisms such as worms and snails,
while large materials such as cobbles and boulders provide habitat for larger organisms such as
crabs and fish. Each river system has different characteristics which will influence each individual
river and reach-of-river substrate composition. The measure of channel substrate composition is
therefore only a record of the site description. The channel substrate is described according to
Table 3.7.

Table 3.7 Channel substrate description

Measure Description

Fine Predominantly silt, mud, clay and sand (substrate materials < 2mm)
Silt mix Predominantly silt and gravel (substrate materials < 2mm — 16mm)
Gravel mix Predominantly gravel, pebbles & sand (substrate materials 2-100mm);
Coarse Predominantly cobbles and boulders (substrate materials >100mm);
No sediment | Concrete bed, bed rock, no substrate materials or sediment.
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Where the substrate types are classified according to (Thirion, 2008):

Substrate type and material size
Material Size class (mm)
Bedrock

Boulder >256

Cobble 100 — 256
Pebble 16 - 100

Gravel 2-16

Sand 0.06 -2

Silt/ mud / clay | <0.06

3.6.5 Riverine vegetation composition

Left Flood Bank In-stream Right Flood Bank

Type Cover Type Cover Type Cover

Riverine
vegetation [Dominant vegetation type

composition [Other

Other

Riparian vegetation is identified in DWAF (2008) as providing “a number of critical functions
within the river system, such as stabilisation of river channels, banks and floodplains, flood
attenuation, water quality and temperature (e.g. shade), habitat provision, and migration
corridors.”

Plants offer resistance to the passage of water and plant roots provide resistance to erosion by
water by binding the surface of the soil. Flows slowed due to in-stream plants such as. reeds,
limit bank erosion, and may also result in accumulation of sediment (accretion or aggradation)
through the deposition of suspended solids as the slowed water loses its energy to transport the
materials.

The riverine vegetation is composed of both the riparian vegetation e.g. on the flood banks and
the aquatic vegetation e.g. in-stream in the active channel. DWAF (2005:16) explain that riparian
areas represent the interface between aquatic and upland ecosystems; the vegetation in the
riparian area may have characteristics of both aquatic and upland species. Many of the plants in
the riparian area require plenty of water and are adapted to shallow water table conditions. Due
to water availability and rich alluvial soils, riparian areas are usually very productive. Tree growth
rate is high and the vegetation under the trees is usually lush and includes a wide variety of
shrubs, grasses, and wildflowers. According to Graham and Louw (2009) trees are woody
perennials, usually single stemmed in an undamaged state, with a distinct upper crown. Shrubs
are woody perennials with two or more stems arising from near the ground, are generally smaller
than trees and without a trunk. Kleynhans and Louw (2007) classify the non-woody component
as comprised of grasses, sedges, forbs, and all other herbaceous plants. The non-woody
component includes species such as Phragmites, Palmiet, the Restios, Typha, Juncus, aquatic
(hydrophytic) grasses, and aquatic sedges. Both perennial and non-perennial streams support
riparian vegetation. The flood zone vegetation type is measured according to Table 3.8 Flood
zone: dominant vegetation type

, whereas the vegetation type in the stream is measured according to Table 3.9. Vegetation
composition refers to the presence of different types of vegetation i.e. trees, shrubs, reeds,
flowers, grass, on the site as well as their relative proportions (% cover) in the assemblage, as
described according to

Table 3.10.
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Table 3.8 Flood zone: dominant vegetation type

Description Flood Zone (Banks)
Wild .
2 Herbs and flowers e.g. Nasturtium

flowers
Grasses Grasses e.g. kikuyu
Reeds Reeds, restios and sedges e.g. phragmites, palmiet,

. 1
Shrubs ( P Shrubs e.g.

N
T Trees and saplings e.g. eucalyptus, wattle, pine, river

rees
bushwillow, weeping willow

While the presences of some aquatic vegetation is normal in streams, high levels of nutrients,
especially phosphorus and nitrogen, in the water of the active channel promote the
overabundance of algae and floating rooted macrophytes (USDA, 1998). These are illustrated in
Figure 3-9 to Figure 3-12.
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Figure 3-9 Filamentous algae, tributary to the Jukskei River, Gauteng

Figure 3-10 Sign warning of hazards of blue-green algae at Princess Vlei, Western Cape

Figure 3-11 Free floating aquatic plants, Hyacinth bloom, Black River, Western Cape
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Figure 3-12 Rooted submerged vegetation, Water Grass

Table 3.9 In-stream: dominant vegetation type

Description Active Channel (In-stream)
Filamentous Hair-like algae or algal mats on rocks
Free .
floati Algae that gives the water a green colour
oatin
. & . (phytoplankton)
microscopic
Free Water weeds that float with no visible roots, e.g.
floating water hyacinth, water lettuce, duckweed and red
aquatic water fern
Rooted Water plants that protrude from the water and have
oote
] visible roots, e.g. water lilies, bullrush, water reed,
emerging ) .
palmiet, phragmites and knotweeds
Rooted Water plants that are entirely submerged in the
oote
water, e.g. water grass, pondweed, parrot’s feather
submerged

and water weed.
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Table 3.10 Riparian vegetation composition: description of percentage (%) cover

Measure Description

80 — 100% cover There is total or near total dominant plant type cover on the site
60 — 80% cover More than half the site is covered with this plant type

30 — 60% cover There are some large patches of plant type cover on the site
10 — 30% cover There is small scattered plant type cover on the site

0 — 10% cover There is little or no plant type cover on the site

Vegetation composition and structure in riverine areas varies from one part of the country to
another, according to factors like climate, geology and water quality, therefore for the purpose of
the Site Assessment, riverine vegetation composition is recorded as a description of the site.

SECTION 3: SITE ASSESSMENT

3.6.6 Erosion on the site

Indicators Left Flood Bank Active Channel Right Flood Bank

Site character |4.1 Erosion on site (out the channel)

When rain falls on exposed soil, the water runs downhill across the site. As it runs the water
starts to cut/erode grooves removing bits of sand, soil and stones with it. Depending on how
much and how hard it rains, and how fast the rainwater flows across the site, will affect how deep
the grooves will become. This process is called erosion. The different stages of erosion include:

Sheet erosion occurs when surface water moves down a slope or across a field in a wide flow
and peels off relatively uniform sheets or layers of soil. Because the topsoil disappears evenly,
sheet erosion may not be noticeable until much damage has been done. (Miller, 1998:553)

Rill erosion Figure 3-13, occurs when the surface water forms fast flowing little rivulets that cut
small grooves in the soil. (Miller, 1998:553)

Gully erosion Figure 3-14, occurs when rivulets of fast flowing water join together and with each
succeeding rain event cut the grooves wider and deeper until they become ditches or gullies.
Gully erosion usually happens on steep slopes where all or most vegetation has been removed.
(Miller, 1998:553).

Dongas Figure 3-15, occur where severe gully erosion has caused deep ditches, for example
greater then 1meter deep.

52



Figure 3-13 Rill erosion

Figure 3-14 Gully erosion

Figure 3-15 Donga erosion
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If the site is made of hard rock or tar or other impervious surfaces, there will be less erosion after
a storm, if any. If the site is made of clay or exposed uncompact soil, the erosion will be much
more, because clay is softer than rock. Where there is vegetation covering the site, the roots of
the plants help bind the soil together preventing erosion. Therefore it is important to record the
ground cover type as per Section 2: Type of ground cover. Once erosion has started it will
worsen very quickly, and must be stopped and rehabilitated with urgency. Severe gully erosion is
much harder and more complex to rehabilitate than rill erosion. Figure 3-16 and Figure 3-17
illustrate how rill erosion if left unmanaged becomes severe gully and eventually donga erosion.

Figure 3-16 Rill erosion in the foreground leading to gully erosion in the background

Figure 3-17 Same site where the erosion is now severe donga erosion

Erosion moves backwards from point of disturbance. Therefore it is useful to identify and note
any trigger points or activities such as excavating a bank, clearing of vegetation that may have
caused the site to become exposed to erosion forces. The rehabilitation activities that target the
erosion will need to consider what started or triggered the erosion.
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The erosion in this indicator refers to the erosion taking place on the site i.e. outside of the
riverine channel; erosion in the channel is discussed later in this chapter. The erosion on site
indicator is described according to Table 3.11.

Table 3.11 Erosion on site

Good Measure Description
None No erosion on site
Sheet Evidence of sheet erosion on site
Rill Evidence of rill erosion on site
Gully Evidence of gully erosion on site
Bad Donga Deep gullies forming dongas on site

3.6.7 Percentage (%) invasive vegetation

Indicators Left Flood Bank Active Channel Right Flood Bank
Site character |4.Z % vegetation is invasive

Exotic, alien and invasive plant species are often major contributors to changes in indigenous
riverine vegetation composition. Where natural vegetation is disturbed, alien and invasive plants
tend to dominate the re-growth. Invasive and water-intense plant species are specifically
problematic, including black wattles, port Jackson, eucalyptus, lantana, queen of the night,
potato tree and kikuyu grass. For the purpose of the Site Assessment, the measure of infestation
is estimated on the percentage of alien and invasive plant species in relation to indigenous
species, of the vegetation on the site and is recorded for both the flood banks as well as the
active channel. Percentage invasive vegetation is described using Table 3.12.

Table 3.12 Percentage (%) invasive vegetation

Good Measure Description
unknown Not sure which are alien or invasive species
no AlIP All indigenous, no alien and/or invader species.
1-10 %AIP Scattered alien and/or invader species.
11 - 40% AIP Occasional clumps alien and/or invader species.
Bad 41 — 60% AIP Concentrated patches alien and/or invader species.
60 — 100% AIP More alien and/or invader species than indigenous.

As many officials may not be able to differentiate between indigenous and alien or invasive plant
species, a list of indigenous wetland and riverine vegetation indicator species per province as
well as a list of common riverine alien and invasive species is included in the Additional Guides
(Annexures) of this document, where available images of these plants have been provided.

Further references for identification and management of alien and invasive plant species include:

e Conservation of Agricultural Resources Act, Act 43 of 1983, list of declared Alien and
Invasive species

e National Environmental Management: Biodiversity Act: Act 10 of 2004, Government Notice
R508 in Government Gazette 36683 of 19 July 2013 (National list of Alien species).

e National Environmental Management: Biodiversity Act: Act 10 of 2004, Government Notice
R507 in Government Gazette 36683 of 19 July 2013 (National list of invasive species).

e National Environmental Management: Biodiversity Act: Act 10 of 2004, Government Notice
R506 in Government Gazette 36683 of 19 July 2013 (Alien and Invasive species regulations
2012) — not in operation yet.

e Henderson, L. (2001) Alien Weeds and Invasive Plants. Agricultural Research Council, Cape
Town, South Africa

55




e Gerber, A.; Cilliers, C.J.; van Ginkel, C. and Glen, R. (2004) Easy ldentification of Aquatic
Plants. Department of Water Affairs, Pretoria.

3.6.8 Continuity of riverine zone

Indicators Left Flood Bank Active Channel Right Flood Bank
Site character |4.3 Continuity of riverine zone

This indicator refers to the continuity of both the riparian corridor (vegetation or habitat provision)
to adjacent erven (upstream-downstream riparian corridor) measured in the flood bank, as well
as the continuity of the riparian zone between the terrestrial zone and the water's edge
(terrestrial-in stream zone), i.e. the bank measured in the active channel.

The riverine zone can be disrupted by obstacles such as walls, roads, trenches, pipelines,
impervious surfaces, site clearing, etc., causing fragmentation of the habitat corridor. It is
important to determine the continuity of the riverine corridor in order to determine its suitability as
a migration corridor, habitat provision and ecological function of the riverine zone. As an easy
observation for officials, the continuity of the riparian vegetation in the riverine zone is measured
according to Table 3.13. Examples of poor riparian vegetation continuation are indicated in
Figure 3-18 where the continuity of the riparian habitat is disrupted either longitudinally or
laterally, while examples of good riparian vegetation continuation are indicated in Figure 3-19.

Figure 3-18 Examples of poor riparian vegetation continuation (pictures a-c: K. Reinecke)
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Figure 3-19 Examples of good riparian vegetation continuation (pictures a-c: K.Reinecke)

Table 3.13 Site: Continuity of the riverine zone

Measure Description
Good Continuous The riparian habitat corridor is intact and links to adjacent properties with
riparian vegetation.
The riparian habitat zone is intact and links between the terrestrial zone and
the watercourse edge.
Fragmented The riparian habitat corridor and vegetation is interrupted, disturbed, or
broken up into smaller sections.
The riparian habitat zone between the terrestrial area and water edge is
Bad interrupted.
None There is no riverine corridor and/or zone on the site.
3.6.9 Dumping in the river channel

Indicators

Left Flood Bank

Active Channel

Right Flood Bank

Site character |4.4 Dumping / rubble

Dumping is considered the disposal of solid waste on the specific site. The solid waste may vary
in composition, inter alia garden refuse, building rubble, product waste, household waste, etc.
The measure for dumping is based on the occurrence of solid waste, building rubble and garden
refuse, affecting or covering a 100-metre stretch of the watercourse, which is then extrapolated

over the site. Examples of dumping are illustrated in Figure 3-20 and Figure 3-21.
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Figure 3-20 Dumping covering a small portion of the riverine area

Figure 3-21 Dumping of rubble affecting the majority of the riverine area

The measures for assessing the dumping/disposal of solid waste on the banks or in the channel
of a watercourse are presented in Table 3.14.

Table 3.14 Dumping / Rubble

Good

Bad

Measure Description

None No evidence of dumping on the site.

0-10% Dumping affects / covers a small portion of the riverine area.

10-25% Dumping affects / covers up to a quarter of the site of the riverine area.
25-50% Dumping affects / covers up to half of the site of the riverine area.

=>50% Dumping affects / covers more than half or the majority of the riverine area.
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3.6.10

Litter in the river channel

Indicators

Left Flood Bank

Active Channel

Right Flood Bank

Site character |4.5 Litter

For the purpose of this guide, litter differs from dumping, in that it is solid waste that has been
washed down the watercourse to the site from within the catchment. The accumulation of litter in
the watercourse contributes both to poor water quality as well as to reduced habitat provision.
Litter can trap aquatic organisms and wildlife such as birds causing them to starve and die. An
example of more than 50 pieces of litter in the watercourse is illustrated in Figure 3-22.

Figure 3-22 More than 50 pieces of litter in a watercourse

The measure for litter is based on the occurrence of solid waste that was been washed onto the
site, as opposed to purposefully being dumped on the site, over a 100-metre stretch of the
watercourse which is then extrapolated over the site. The litter measures for assessing litter are

presented in Table 3.15.

Table 3.15 Litter

Good | Measure Description: No. in 100m stretch
None No evidence of litter.
<10 pieces 10 or less pieces of litter within a 100m stretch of river.
10 — 50 pieces | 10-50 pieces litter visible.
Bad >50 pieces More than 50 pieces of litter.
3.6.11 Macro-channel Bank Erosion

Left Flood Bank

Active Channel

Right Flood Bank

Erosion and
armouring

4.6 Macro-channel bank erosion

During the daily regular flow of water in a watercourse or small rain events (e.g. 1:2 year), the
banks that are affected by these flow conditions form part of the active channel. The macro-
channel or flood bank is the area between this regular flow of the active channel and the
maximum height of a major flood (e.g. 1:100 or 1:1000 year flood). Of the macro-channel bank
on the site, what percentage of it is eroded? — look for indicators of erosion such as bank
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stabilisation e.g. gabions. Macro-bank erosion is only recorded for the flood bank or macro-
channel, and is described according toTable 3.16.

Table 3.16 Macro-channel bank erosion

Good Measure Description — Bank and site erosion
N/A No macro-channel banks visible
None No erosion or cutting of macro-channel bank length
>5% >5% of macro-channel bank length
Bad >20% >20% of macro-channel bank length
>50% >50% of macro-channel bank length

3.6.12 Extent of erosion on S-bends

Left Flood Bank Active Channel Right Flood Bank

Erosion and
armouring  |4.7 Extent of erosion on S-bends

A cut bank, also known as a river cliff, is a naturally occurring phenomenon that is exaggerated
by urban impacts. Cut banks are usually found along meandering streams (S-bends), where the
outside bank of a watercourse is continually undergoing erosion. The cut banks are located on
the outside bend of the watercourse. They resemble a small cliff, and are formed by the erosion
of the bank by the fast flowing water in the watercourse. Cut banks are typified by erosion
protection measure such as gabion baskets in Figure 3-23 or concrete walls. Cut banks are
nearly vertical and often expose the roots of nearby plant life. Often, particularly during periods of
high rainfall and higher-than average water levels, trees and poorly placed buildings can fall into
the stream due to mass erosion events.

Not only are cut banks steep and unstable, they are also the area of a stream where the water is
flowing the fastest and the deepest, making them rather dangerous. Cut banks are measured
according to the extent of erosion on the actual S-bend, i.e. just the key-point in the bens (<10%)
or the entire length of the bend (>51%), as described in Table 3.17. If there are no S-bends on
the site, select none.

Figure 3-23 Example of cut bank where gabion has failed
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Table 3.17 Extent of erosion on S-bends

Measure Description

None No cut banks

<10% Less than 10% of bank is cut/eroded
11-50% Between 11-50% of bank is cut/eroded
>51% More than 51% of bank is cut/eroded

3.6.13 Bank armouring

Left Flood Bank Active Channel Right Flood Bank

Erosion and
armouring  |4.8 Bank armouring

Protecting the channel banks is essential to protecting the riparian zone. The bank is where the
horizontal groundwater and active channel watercourse interaction takes place. The banks form
the riparian habitat of the riverine corridor. According to the USDA (1998) extensive bank-
armouring / stabilising of channels to stop lateral cutting usually leads to more problems
(especially downstream). Watercourse and bank interaction are threatened by armouring e.g. by
gabions, stacked tyres, shuttering, walls and berms. Armouring can be of differing levels of
interference in the river system. For example, engineered armouring (see Figure 3-24)
completely cuts off the interaction between watercourse and river banks and leads to channelling
of the watercourse. Similarly, armoured banks such as armouring the full length of the bank with
gabion baskets Figure 3-25 also reduces the bank-watercourse interaction, although during flood
events there may still be some interaction. Exposed soil or bank collapse Figure 3-26, still
provides for some bank-watercourse interaction but has reduced habitat provision, and carbon
and sediment trapping. Toe-armouring (see Figure 3-27) still promote bank-watercourse
interaction and still stabilise the watercourse bank from erosion, but reduce the riparian corridor
and connectivity. Vegetated banks, (see Figure 3-28) are preferred but may not always be found
in urban watercourses.

Figure 3-24 Engineered bank armouring covering 100% of the bank
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Figure 3-25 Armoured bank with gabion baskets

Figure 3-26 Exposed soil on the river bank due to erosion

Figure 3-27 Bank toe armouring using gabion baskets
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Figure 3-28 Vegetated banks

Bank armouring is only recorded for the flood zone banks, and is described according to Table
3.18. If only a section of the bank is stabilized, then it is described as occasional armouring.

Table 3.18 Active channel bank armouring

Good Measure Description
Toe Gabions or similar at the base of bank only
Occasional Some protection along the reach
Armoured Gabions, shuttering, stacked tyres along the reach
Engineered Cement / concrete walling along the reach
Exposed soil Banks are exposed soil with no vegetation or armouring
Bad Vegetated Banks are vegetated
3.6.14 Active channel bed erosion

Left Flood Bank

Active Channel

Right Flood Bank

Erosion and
armouring

4.9 Channel bed erosion

According to the USDA (1998:7) “Active down cutting (bed erosion) and excessive lateral cutting
are serious impairments to stream function.” Some active channel erosion is normal in a healthy
stream; however excessive active channel erosion occurs where riparian zones are degraded or
where the stream is unstable because of changes in hydrology, sediment load, or isolation from
the flood plain. Both conditions are indicative of an unstable stream channel. Excessive bed
erosion leads to channeling of the watercourse. Active channel bed erosion or active down

cutting is described according toTable 3.19.

Table 3.19 Active channel bed erosion

Good

Bad

Measure Description — Bank and site erosion
None No bed erosion

Degradation Some incision of the active channel
Channelling Deep incision (>1m) of the active channel
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3.6.15 State of discharge outlets

Left Flood Bank | Active Channel | Right Flood Bank

Hydrology |4.10 State of discharge outlets |

Discharge outlets increase flow at a point source. Where these outlet structures are not
adequately designed, it can cause further erosion and damage to the riparian area, for example
Figure 3-29 or Figure 3-30 this collapsed storm water outlet has had a devastating impact on the
surrounding flood bank. Further, discharge points introduce point source pollutants into the
watercourse, for example chemical contaminants that are washed down stormwater drains
Figure 3-31. Further it is best practice to install sustainable urban designed erosion protection
below the outlet and on the opposite bank to prevent erosion from high velocity directed flow out
the outlet structure or energy dissipation mechanisms as part of the outlet design.

Figure 3-29 Collapsed stormwater outlet
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Figure 3-30 A sewer in a poor state

Figure 3-31 Chemical effluent via stormwater outlet

For the purpose of recording discharge, the water quality from the discharge outlet is assessed
separately. The state of discharge structures is measured by identifying any erosion around the
structure and described according to Table 3.20.

Table 3.20 State of discharge structures

Good

Bad

Measure Description

None No outlets on site

Good Outlet in good condition, no erosion
Poor Outlet with erosion, bank collapse, etc.

65




3.6.16 Canalisation / channelling

Left Flood Bank

Active Channel

Right Flood Bank

Hydrology |4.11 Canalisation / channelling |

The act of intentional channeling of canalising of a watercourse is a process of stabilizing /
straightening a watercourse and directing its flow according to human want rather than natural
choice. Channelling can also occur naturally Figure 3-32 through erosion processes, where
increased or directed flow erodes the water channel thereby deepening the channel. The
watercourse is then limited to that particular channel and will require a major flood to alter it.

Figure 3-32 Erosion gully causing channelling

Formal canalisation includes formal concrete canals for a reach of river, for example Figure 3-33
and Figure 3-34. Informal canalisation includes erosion gullies and piecemeal straightening or

retraining of the reach of river.
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Figure 3-33 Canal constructed to divert a stream around a housing complex, Gauteng

Figure 3-34 Canalised urban river, Cape Town

Remediation and rehabilitation of canalisation and channelling should include the principles of
Sustainable Urban Design (SUD). Where possible the bank-watercourse interaction should be
maintained, as well as vegetation function along the banks, for example Figure 3-35 is a SUD
stormwater canal promoting re-vegetation while still stabilising the banks and preventing erosion,
and it also still promotes groundwater infiltration and bank interaction.
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Figure 3-35 Sustainable urban designed (SUD) stormwater canal

Canalisation / channelling are recorded for both the flood banks and the active channel and are
described according toTable 3.21.

Table 3.21 Canalisation / Channelling

Good Measure Description
Natural Natural river course, no canalisation or course straightening
Occasional Occasional straightening or channelling of the river course
Deeply Eroded | Channelling of the river from erosion, down-cutting, or excavation
Bad Straightened Complete artificial channel or river course straightening

3.6.17 Levees/Flood prevention banks

Left Flood Bank | Active Channel I Right Flood Bank

Hydrology |4.12 Levees / Flood prevention bank |

Where there are large floodplains, many land owners construct flood prevention banks (levees)
in order to reclaim the land from watercourses for utilisation, such as farming. This is particularly
apparent in agricultural areas and is an old traditional practice. However, levees canalise a river
and separate the floodplain from the river, which in turn affects the sedimentation regime of the
river and can cause flooding downstream. According to Heeg et al., (1989) apart from the
primary effect of floodplain desiccation as a result of reduced floodplain inundation, there are
also secondary effects, such as inadequate flushing of floodplain pans leading to unnaturally-
high salinity levels. Where historic levees occur, the river system would have adapted to the
change in regime, however the construction of new levees is now a listed activity in terms of the
National Water Act, Act 36 of 1998 and the National Environmental Management Act, Act 107 of
1998. Naturally occurring levees are not common in South Africa however man-made levees are
especially common in agricultural areas. Note that a levee constitutes infilling/dumping/impeding
the flow within a watercourse. A levee can be a simple earthen embankment as in Figure 3-36 or
more formal like stacked tyres as illustrated in Figure 3-37.
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Figure 3-36 Man-made level in Wellington, Western Cape

Figure 3-37 Stacked tyres as a levee to prevent flooding of the floodplain, Wellington, Western
Cape

A levee causes canalising of the river. Levees only affect the banks of a watercourse and
therefore are only recorded for the flood zones, and described according to Table 3.22.
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Table 3.22 Levees or flood prevent banks

Good Measure Description

none No levee on site.

0-1m Height of levee is less than 1 metre

>1m Height of levee is between 1 and 2metres
Bad >2m Height of levee exceeds 2 metres

3.6.18 Abstraction

| Left Flood Bank | | Active Channel I | Right Flood Bank
Hydrology |4.13 Abstraction from watercourse |

There are two scales to abstraction, the first being abstraction for domestic use, i.e. within the
allowances of Schedule 1 of the National Water Act, Act 36 of 1998 (NWA); and secondly
abstraction that requires a water use license in terms of section 21(a) of the NWA for the taking
of water.

Schedule 1 of the NWA makes provision that:

(1) A person may, subject to this Act -

(a) take water for reasonable domestic use in that person's household, directly from any
water resource to which that person has lawful access;

(b) take water for use on land owned or occupied by that person, for -

(i) reasonable domestic use;

(i) small gardening not for commercial purposes; and

(ii) the watering of animals (excluding feedlots) which graze on that land within the grazing
capacity of that land, from any water resource which is situated on or forms a boundary of
that land, if the use is not excessive in relation to the capacity of the water resource and
the needs of other users;

(c) store and use run-off water from a roof;

(d) in emergency situations, take water from any water resource for human consumption or
firefighting; ...

Note that the taking of water from a stream for ornamental koi ponds (an alien fish species) is not
a Schedule 1 activity. Where the water is used for commercial gain activities e.g. a nursery or
agricultural production, it falls out of Schedule 1 use and requires a Water Use License.

Without a flow-meter or other technical equipment, it is difficult for an official to measure the
volume or rate of water being abstracted. There are different scales of pumps or diversions which
can indicate whether the abstraction is for domestic or commercial purposes. A domestic
purpose (Schedule 1) abstraction pump, Figure 3-38, infrastructure is usually smaller in size and
capacity and located outside the watercourse channel. Whereas abstraction on a larger,
commercial scale usually involves larger and more permanent infrastructure such as the pump
house in Figure 3-39 or the diversion weir and channel in Figure 3-40; both of these abstractions
are for agricultural purposes. However the scale of the infrastructure is not a solid rule, and the
official should also take note of whether there are commercial activities taking place on the site, if
so, the abstraction is likely to be for commercial purposes.
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Figure 3-38 A domestic purpose abstraction pump

Figure 3-39 Commercial abstraction pump house
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Figure 3-40 Diversion of water as abstraction for commercial purposes

The record of abstraction on a site is described according to Table 3.23.

Table 3.23 Abstraction

Good Measure Description
None No abstraction of river water
. Small-scale abstraction — for domestic use, i.e. NWA Schedule 1, watering
Domestic
Bad vegetable garden
Large Large-scale abstraction — permanent infrastructure or large abstractions e.g.
9 for irrigation of a nursery or farmland purposes

3.6.19 Impoundments

[ Left Flood Bank | Active Channel | Right Flood Bank

Hydrology |4.14 Impoundments |

Impoundment structures not only reduce flow of water, but also the transportation of sediment
which is a necessary element for ecosystem processes, e.g. providing substrate for vegetation
and habitat for aquatic biota and prevent fish migration. Similarly impoundments can alter the
temperature of the water, for example, warmer water on the surface of an impoundment due to
the long exposure to the sun and colder at the bottom of the impoundment due to lack of
exposure to the sun, which also effect ecosystems processes and diversity. Impoundment of flow
through in-stream dams, weirs, and water features, may impact on downstream reaches of the
watercourse by reducing the necessary flows, sediment loads and thereby altering the water
temperature and influence migration cues (Thirion, 2008). It may also impact on upstream
reaches by altering the flood storage capacity of a reach and thereby causing more flooding or
longer inundation after storm events. The USDA (1998) also point out that if the barrier is
sufficiently high, the impoundment may prevent the movement or migration of fish, deny access
to important breeding and foraging habitats, and isolate populations of fish with other aquatic
animals.

Macfarlane et al., (2008) highlight that one of the main threats to floodplains is the damming of
streams upstream of or located within the floodplain, for example the illegal impoundment in

72




Figure 3-41, where the size of the culverts in the background versus the outlet pipes in the
foreground indicate the intention to impound the flow of water. This is due to the ability of dams
to trap sediment and release water that is effectively starved of sediment. This reduction in
sediment load deprives floodplains downstream of the sediment required for floodplain
construction and commonly leads to floodplain degradation. Impoundments don’'t necessarily
need to be dams, they can also be small barriers that only operate as an impoundment at low
flows, for example the weir in Figure 3-42, which is only effective in low flows and is negligible in
high flows.

Figure 3-41 In-stream impoundment, where the inflow exceeds the outflow capacity

Figure 3-42 Low flow weir impoundment

Impoundments are recorded for the active channel only and are described according to Table
3.24.
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Table 3.24 Impoundment

Good Measure Description
None None
Temporary Small, temporary e.g. sand bags
Low flow only diversion (all high flows and floods overtop) e.g. low
Bad Low flow weir
Small, permanent Small, permanent diversion e.g. in stream farm dam
Large, permanent | Large, permanent diversion e.g. Emmarentia dam, Bruma lake,

3.6.20 Culverts and bridges

Similar to impoundments, culverts and bridges affect the flow of water in a watercourse as well
as disrupt the connectivity of the riverine zone. Ideally bridges should be single span or pier-
support bridges to promote connectivity of the riverine zone under the bridge. However, single
span bridges are more costly to construct than culvert bridges. Culverts concentrate the flow of
water through the culverts usually resulting in erosion on the downstream side. In peak flows,
where the opening of the culverts is not sufficient, the flows can back-up upstream of the culvert
causing damage to the river banks, and even over-topping the culvert (Figure 3-43). Flood debris
also accumulates on the culvert edges which in turn also affects the flow regime and habitat
provision of the water course.

Figure 3-43 Inadequate capacity culvert bridge damaged by excessive flows

Culverts and bridges are described according to Table 3.25.
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Table 3.25 Culverts and bridges

Good Measure Description
None No bridge or culverts or other obstacles
Bridge Single span/pier bridge, with habitat continuation
Intermediate | Culverts with habitat continuation

Bad Culvert/drift Culvert /low level bridge / drift, no habitat continuation

3.6.20.1 Flood Debris

| Left Flood Bank [ Active Channel [ Right Flood Bank

Hydrology |4.16 Flood debris I

Flood debris refers to the woody material and other solid waste that passes through a
watercourse during a storm event. After a storm event flood debris lines the banks of the
watercourse indicating the height of the water level. However, large debris such as fallen trees
may block a watercourse, causing debris to accumulate. The accumulation of flood debris in a
river channel can alter the hydrological characteristic of the channel. Naturally occurring fallen
branches and trees in a river provide habitat for breeding and resting of aquatic biodiversity.
After major storm events, this debris may be washed downstream and accumulate, Figure 3-44,
against obstacles causing further impoundment and alteration of the hydrology at that point. The
reduction in flow velocity due to the impoundment results in deposition of transported sediment.
The river bed rises as a result of the accumulated debris and the river alters its course around
the flood debris obstacle, severely impacting on the adjacent riparian zone and causing bank
collapse. The accumulated flood debris should be regularly removed by the local municipality /
land owner so as to prevent damage to adjacent properties because of the altered watercourse
channel, or damage to infrastructure as a result of the accumulation.

Figure 3-44 Accumulated flood debris causing channel alteration

The flood debris is recorded for the active channel only and is described according to Table 3.26.
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Table 3.26 Flood debris

Good Measure Description
None No woody debris.
Naturally Debris naturally occurs in the river, i.e. fallen trees, branches, sticks.
occurring Usually dispersed not accumulated.
Bad Scattered woody and flood debris e.g. reeds and woody debris along the
Scattered banks of the river after a flood, or a fallen branch in the river with no
accumulated debris.
Accumulated woody and flood debris obstacles e.g. fallen trees/branches
Accumulated - . .
blocking flow of water and accumulating other debris.

3.6.21 Water Quality

Active Channel

4.17 Colour Colourless
4.18 Odour No odour
4.19 Clarity Transparent
4.20 Temperature Normal

In stream water (4.21 Foam None

quality 4.22 pH Neutral

4.23 Qily sheen None
4.24 Nutrients Occasional
4.25 Oxygen availability Oxygen available
4.26 Indication of life None observed

Dallas and Day (2004) explain that water quality is the combined effect of the chemical
constituents and physical attributes of a sample of water. Water quality is a term “used to
describe the physical, chemical, biological and aesthetic properties of water that determine its
fitness for a variety of uses and for the protection of the health and integrity of aquatic
ecosystems. Many of these properties are controlled or influenced by constituents that are either
dissolved or suspended in water” (DWAF, 1996:3). Water quality variables potentially affecting
aquatic ecosystems may be physical or chemical. Water quality components may change as a
result of either flow or non-flow related activities. Flow-related impacts could result in water
warming due to shallower water depths and decreased turbidity due to longer water retention
times in the system allowing suspended sediments to settle out. Non-flow related impacts may
possibly result from wastewater effluent discharges or irrigation return flows.

This section is applicable to the in-stream (active channel) assessment. Detailed water quality
samples should still be carried out where necessary. For the purposes of the Site Assessment
the indicators include: colour, odour, clarity, temperature, foam, pH, oily sheen, nutrients, algal
growth and indication of life.

3.6.21.1 Colour

Water that is colourless usually lacks pollutants that affect water colour. Suspended sediment will
impart the same colour to water as the surrounding soil, for example the naturally occurring
tannins in fynbos soils discolour the rivers in the Cape to dark tea coloured brown, (Figure 3-46).
The presence of a colour that is different from the surrounding soil colour may indicate the
presence of a chemical pollutant. Brightly coloured water (Figure 3-45) usually indicates acid
mine drainage or other chemical contaminants. The water quality: colour is described using
Table 3.27.
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Figure 3-45 Unnatural brightly coloured acid mine drainage

Figure 3-46 Naturally occurring tea-coloured water in the Liesbeek River, Cape Town

77



Table 3.27 Water quality: Colour

Good Measure Description
Colourless Colourless
Tea Tea coloured
Unnatural Unnatural
Brown Brown/muddy (soil)
Black Black/grey (sewage)
Milk Milk

Bad y 1y
Green Green (algal growth)

3.6.21.2 Odour

Most water is either odourless or has a slight “earthy” odour. Odours such as petrol
(hydrocarbon) fumes, solvents, sulphur or rotten eggs, sewage, or a sour smell may be indicative
of chemical pollutants. Water quality: odour is described using Table 3.28.

Table 3.28 Water quality: Odour

Good Measure Description
Earthy Earthy smell
Hydrocarbon Petrol / diesel / oil / Aviation fuel / paraffin / sour smell
Sewerage Rotten egg / sewerage smell

Bad Pesticide Chemical or pesticide smell (abundance of algae)
Not observed No odour observed

3.6.21.3 Clarity

Clarity refers to the amount of suspended material present in the water that causes the water to
be dirty and limits the amount of light that can pass through the water. Over long periods of
reduced sunlight, rooted and submerged plants will no longer emerge from the main body of a
river. The dirtier the water is, the more likely it is to contain suspended material — which is
indicative of the occurrence of large hydrological related events. ‘Milky’ appearance indicates
chemical precipitation therefore presence of chemical contamination, see Figure 3-47.

Figure 3-47 Milky appearance of chemical contamination
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C.

Figure 3-48 Water with high turbidity resulting in dirty or poor clarity.
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Figure 3-48 provides an example of high turbidity, where the muddy water infuses with the river
indicates poor clarity.

Low clarity can be a result of:

e Bad land use practices such as removal of riparian vegetation, site clearing, and
accelerated erosion;

e Discharge of domestic sewage;

e Discharge of industrial effluents (such as the pulp/paper mill, china-clay, and brick
and pottery industries);

e Discharge from mining operations;

e Fish-farm effluents (mostly organic suspended solids);

e Physical perturbations from road, bridge and dam construction;

e Urban runoff; and

e Algal growth.

For the purpose of the Site Assessment, clarity is assessed by observation and described using
Table 3.29.

Table 3.29 Water quality: Clarity

Good Measure Description
Transparent Completely transparent. No s.uspended material in the water.
Can see to the bottom of the river.
Clearish Some suspended material in water. Slightly turbid.
Cloudy Dirty water
Bad Dirty Milky, muddy. Some turbidity.
Extremely muddy. High turbidity. Can’t see anything in the
Poor clarity water.
Not observed Water clarity was not observed on site.

3.6.21.4 Water temperature

DWAF (1996:103) explain that temperature affects the rates of chemical reactions and also the
metabolic rates of organisms. It is one of the major factors controlling the distribution of aquatic
organisms. Natural variations in water temperature occur in response to seasonal cycles and
organisms use these changes as cues for activities such as migration, emergence and spawning.
Artificially-induced changes in water temperature e.g. discharged effluent that has been heated,
can impact on individual organisms and on entire aquatic communities. Higher temperatures
reduce the solubility of dissolved oxygen in water, decreasing its concentration and thus its
availability to aquatic organisms. Elevated water temperatures increase metabolic rates,
including respiration and thus oxygen demand, of aquatic organisms. Oxygen demand therefore
increases leading to a decrease in dissolved oxygen supply. Unnaturally low temperatures, such
as those induced by bottom releases of dam water, may induce fish mortalities in a river reach or
suppress normal activities such as spawning. The toxicity of most substances, and the
vulnerability of organisms to these substances, is intensified as water temperature increases.

Anthropogenic sources which result in changes in water temperature include:

. Discharge of heated industrial effluents, below power stations.

. Heated return-flows of irrigation water.

. Removal of riparian vegetation cover, and thereby an increase in the amount of solar
radiation reaching the water.

) Inter-basin water transfers; and
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Discharge of water from impoundments.

Remember temperature will vary due to the season. The temperature is measured according to
touch, if it is warm or hot to the touch then it is described as warm (look for stream to indicate
heat), if it is not significantly different to the touch then it is normal. For safety, wear gloves when
handling the water. The temperature indicator is described using Figure 3-49.

Figure 3-49 Water quality: temperature

Good Measure Description
Normal Natural, approximately 21°C-27°C
Warm Warm, warm to the touch, approximately >27°C
Cold Cold, chill to the touch; approximately <21°C
Bad Not tested Temperature not tested on site.
3.6.21.5 Foam

The presence of foam on the water surface may indicate the presence of industrial foaming
agents for example, Figure 3-50 or surfactants in industrial or commercial areas. This could also
result from high phosphate content as a result of fertilizers in agricultural areas or waste water
treatment works (WWTW) in urban areas. The foam indicator is described using Table 3.30.

Figure 3-50 Accumulation of foam in a water course

Table 3.30 Water quality: Foam

Good

Bad

Measure Description
None No foam

Small patches of foam / bubbles e.g. where water flows over rocks or
Small obstacles

Large quantities of foam / bubbles e.g. including in stagnant water and
Large along river banks.
Not Observed No observation made
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3.6.21.6 pH

According to Marlborough, rain water is naturally acidic at about 5.6 pH whereas stream water
usually ranges from a pH of 6.8 to a pH of 7.8; this range is considered to be an optimal range for
most aquatic life. The natural pH of a river will vary from river to river. The natural pH range of a
river is largely determined by the geology and soils of the area, for example limestone areas will
result in rivers and streams having naturally higher pH levels and peat areas will have naturally
low pH levels. The pH of a stream affects the organisms living there. Large fluctuations in pH
outside of a rivers natural pH range can lead to stresses on aquatic life in that river.

Low pH levels (below optimal) can result in fish kills by stressing their systems causing physical
damage, which in turn can make them more vulnerable to disease, similarly high pH particularly
in combination with high water temperature, can increase the amount of un-ionized ammonia
which is highly toxic to fish. Extreme rates of photosynthesis, whether natural or because of
eutrophication, commonly result in very high pH values (>10) in standing waters during the night
and lowered pH values during the day. In addition low pH also mobilises otherwise bound heavy
metals, an increase in which can be toxic to aquatic life.

For the Site Assessment a basic indicative pH test can be carried out using an HTH dip stick (a
quick test strip to test pool water). The dip stick provides an indication if the water is above
(greater than 7.8, alkaline) or below (less than 6.8, Acidic) pH7.2 (neutral). The HTH dip sticks
are available from most local swimming pool shops and supermarkets. Using an HTH dipstick,
dip the stick into the water and quickly remove it. Do not flick water off. Hold the stick level for
about 15 seconds. Check the colour of the markers against the colour code on the dipstick
container, Figure 3-51. The second marker from the top of the stick, aligns with the second row
of indicators on the container, this indicates pH.

NOTE: If you are red/green colour blind, ask someone to assist you to read the marker and
colour index.

Figure 3-51 HTH dipstick indicating pH

In this Guideline manual the pH indicator is measured using an HTH dipstick, but any method for
measuring pH will apply. The record of pH is described using Table 3.31.
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Table 3.31 Water Quality: pH

Good Measure Description
Neutral Neutral, 6.82 - 7.8
Acidic Low, acidic, dipstick, <6.8, orange marker
Alkaline High, alkaline, dipstick >7.8, pink marker
Bad Not Tested pH was not tested on site.

3.6.21.7 Oily sheen

An oily sheen is present if a film of iridescent colour is observed on the water surface. Look for a
rainbow effect that can appear to be floating on the surface of the water. Usually an oily sheen
indicates the presence of oil, petrol, and diesel or aviation fuel, also known as hydrocarbons. On
occasion, and usually in the autumn, a noticeable but small oily sheen can be the result of the
decomposition of fallen leaves, Figure 3-52.

Figure 3-52 Naturally occurring oily sheen

TIP: To distinguish between natural and incidental sheen: using a stick swirl the iridescent patch
— if it breaks up it is naturally occurring; if the sheen reforms then it is from a spill. The record of
oily sheen is described using Table 3.32.

Table 3.32 Water Quality: Oily sheen

Good Measure Description
None No oily sheen
Small/Natural | Relatively small patches of sheen. Sheen can be disturbed when prodded
Sheen Large or regular occurrence of oily sheen
Bad Not observed | No observation made on site

3.6.21.8 Nutrients

There are several types of nutrients that impact on watercourses, e.g. inorganic nitrogen and
phosphorus. According to USDA (1998) the presence of some aquatic vegetation is normal, and
water that has slight nutrient enrichment may support communities of algae, which provide a
greenish colour to the water. However, streams with heavy loads of nutrients have thick coatings
of algae attached to rocks and other submerged objects. Nutrient loads in the waterbody are
indicated by the growth of algal and nuisance plants.
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Sources of inorganic nitrogen include:

e Commercial fertilizers contain highly soluble ammonia and ammonium salts;

e Fish-farm effluent (un-ionised ammonia);

e Sewage discharge;

e Discharge from industries that use ammonia or ammonium salts in their cleaning
operations;

e Manufacture of explosives and use of explosives in mining and construction; and

e Atmospheric deposition of ammonia from distillation and combustion of coal, and the
biological degradation of manure.

Sources of phosphorus in urban rivers may be a result of:
e Point-source discharges such as domestic and industrial effluents; and
o Diffuse (non-point) sources include atmospheric precipitation, urban runoff, and
drainage from agricultural land, in particular from land on which fertilizers have been
applied. In this case the phosphorus load is generated by surface and subsurface
drainage.

Nutrient loads in the watercourse are indicated by the growth of algal and nuisance plants. The
nutrients are described using Table 3.33.

Table 3.33 Nutrients

Good Measure Description
None No visible algal growth
Occasional Occasional clumps of algal growth observed
Excessive Extensive algal growth observed

Bad Not observed No observation made at the site.

3.6.21.9 Oxygen availability

DWAF (1996:55) explain that decreased dissolved oxygen in aquatic ecosystems result in
chronic and acute physiological and behavioural changes in aquatic biota. The sensitivity of
many species, especially fish and invertebrates to changes in dissolved oxygen concentrations
depends on the species, the life stages (eggs, larvae or adult), and behavioural changes (feeding
and reproduction). Where possible, many species will avoid anoxic or oxygen-depleted zones.
According to USDA (1998:12) “plant respiration and decomposition of dead vegetation consume
dissolved oxygen in the water. Lack of dissolved oxygen creates stress for all aquatic organisms
and can cause fish Kkills.”

Factors causing reduction in dissolved oxygen concentration include:

e Re-suspension of anoxic sediments, as a result of river floods or dredging activities;

e The presence of degradable oxidizable organic matter, either of natural origin (detritus)
or originating in waste discharges, can lead to reduction in the concentration of dissolved
oxygen in surface waters; and

e The amount of suspended material in the water affects the saturation concentration of
dissolved oxygen, either chemically, through the oxygen-scavenging attributes of the
suspended particles, or physically through reduction of the volume of water available for
solution.

Availability of oxygen is assessed visually by observing for life on/in the water, using
Table 3.34.

84




Table 3.34 Oxygen availability

Good

Bad

Measure

Description

Oxygen available

Visually healthy ecosystem. Lots of living organisms. No
indications of stressed organisms. Stream is well aerated at riffles
and rapids.

Some anoxia

Fish gasping at the surface. Few living organisms.

Anoxic conditions

Dead fish present, some fish gapping at the surface.

Not observed

No observation made on site.

3.6.21.10Indication of life

Dead fish and birds, Figure 3-53, lack of aquatic animal life, lack of insects, are all indicators of
poor oxygen content in the watercourse, and is likely to be linked with toxic contamination of the
water, poor pH or algal growth.

Figure 3-53 Dead bird and fish, Klip River Gauteng

For the Site Assessment, the official observes the watercourse for any indicators of life e.g. fish,
crabs, frogs, or death of organisms. The record of life is described using Table 3.35.
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Table 3.35 Water quality: indication of life

Good Measure Description
Life Indications of aquatic life, aquatic insects, fish, frogs, etc.
Dead Dead fish, birds, plants, insects visible

Bad None No indication of aquatic life. Complete absence of aquatic organisms.
Not tested | No observation made

3.6.22 Discharge quality

Left Flood Bank Right Flood Bank

4.27 Colour

4.28 Odour

4.29 Foam

4.30 Oily sheen
4.31p.H

4.32 Temperature

If there is
discharge from
outlets

The indicators to measure discharge quality are similar to the indicators for water quality, but only
limited to colour, odour, pH, temperature, foam and oily sheen. For detailed information about
these indicators refer to the section on water quality. The records for the discharge indicators are
measured according to Table 3.36 to

Table 3.41.

Table 3.36 Discharge quality: Colour

Good Measure Description

Colourless Colourless

Tea Tea coloured

Clear Unnatural Unnatural in nature or colour

Brown Brown/muddy (soil)

Black Black/grey (sewage)

Milky Milky, opaque, unnatural in colour
Bad Green Green (algal growth)

Table 3.37 Discharge quality: Odour

Good Measure Description
Earthy Earthy smell
Hydrocarbon Petrol / diesel / oil / Aviation fuel / paraffin / sour smell
Sewerage Rotten egg / sewage smell
Bad Pesticide Chemical or pesticide smell (algae)
Not observed No odour observed

Table 3.38 Discharge quality: Foam

Good Measure Description
None No foam and/or bubbles
Small Small patches of bubbles and/or foam
Large Large quantities of bubbles and/or foam
Bad Not Observed | No observation made
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Table 3.39 Discharge quality: Oily sheen

Good

Bad

Measure Description
None No oily sheen
Very small patches of sheen, patch less than area of hand / Naturally
Small occurring oily sheen
Sheen Large or regular occurrence of oily sheen

Not observed

No observation made on site.

Table 3.40 Discharge quality: pH

Good

Bad

Measure Description

Neutral Neutral, 6.82 - 7.8

Acidic Low, acidic, dipstick, <6.8, orange marker; litmus paper red
Alkaline High, alkaline, dipstick >7.8, pink marker; litmus paper blue
Not Tested pH was not tested on site

Table 3.41 Discharge quality: Temperature

Good

Bad

Measure Description

Normal Natural, approximately 21><27°C during summer months
Warm Warm, warm to the touch, approximately >27°C

Cold Cold, chill to the touch; approximately <21°C

Not tested Temperature not tested on site
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4 DASHBOARD TOOL

4.1 How to complete the Dashboard

When the official returns to the office from site, they must capture the Site Assessment Form
(SAF) in the Dashboard Tool (DT). A replica form is setup in Microsoft excel. Using the
completed field form the official captures the measures that describe the site into the Impact
Form in the Dashboard. The Dashboard, based on the selected measures, carries out a set of
automated calculations. The results of these calculations are presented in the Dashboard.

Step 1: Open the Excel file Dashboard Tool on the cd.

Step 2: Save the workbook with the name of the site visit and the inspection number, for example
Figure 4-1.

Figure 4-1 Save a Dashboard workbook per case and site inspection

Step 3: Using the field form, fill in the measures into the Impact form of the Dashboard tool, save
the work. When complete, select the Dashboard tab, Figure 4-5.

ya |4.32 Temperature | | |
a5

96 Section 5: Additional information
97 Site Layout Diagram:

98

99

LoD

01

Lo2
4 4 » ¥ | | Impact Form /Dashbeard = "
Ready |

Figure 4-2 Select Dashboard tab

4.2 The Dashboard

The Dashboard screen Figure 4-3 provides two sets of graphs. The top set of graphs is a
summary of the negative impacts per riverine function per zone of river reach assessed. The
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bottom, colourful graph is the
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Figure 4-3 The Dashboard graphs

4.3

Reading the Dashboard

Dashboard. This graph indicates the impacts to the riverine

It is important to note that the Dashboard does not provide a quantitative value of impacts to
riverine functions on the site. The tool provides an indication of the riverine functions being
affected by the activities on the site. For a numerical reference, detailed studies will need to be

conducted to provide a rating on the state of the river health for the particular reach and site.

43.1

Summary graphs

The summary graphs are presented for each zone of the riverine area, in other words there is a
summary graph for the Left Flood Bank, the Active Channel and the Right Flood Bank. The blue
line indicates the extent of impact to the riverine functions on the site. The summary graph only
indicates the negative impacts. Where the blue line reaches the centre of the graph, there is little
or no impact to that particular riverine function. The further outwards the blue line extends, e.g.
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away from the centre of the graph, the greater the negative impact to the riverine function.

Figure 4-4 provides an indication of the different aspects of the summary graphs.

<€ Indicates which riverine
Zone summary

Indicates the different
riverine functions

Indicates the
negative impact

Figure 4-4 Reading the summary graphs

4.3.2 Dashboard Graph
Figure 4-5 provides an indication of the different components of the Dashboard graph.

1. The Dashboard graph is composed of seven groups of coloured stacked bar graphs. Each one
of the seven groups represents one of the riverine functions. For example, the first group
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illustrates flood attenuation, the second group illustrates sediment trapping, and the third group
illustrates habitat provision, and so on.

2. Each of the riverine function groups of graphs is composed of three stacked bar graphs. These
three stacked bar graphs indicate the zone of the river. For example, the left bar stack illustrates
the left flood bank, the centre bar stack illustrates the active channel, and the right bar stack
illustrates the right flood bank. Where there is no impact to a zone, there is no bar stack, for
example carbon storage only affects the river banks, so there is no bar stack for the active
channel. Similarly, if there is no discharge on a particular bank on the site, there is no bar stack
for the river bank in the water quality function.

3. The coloured stacks indicate the different activities that are contributing to the impacts on the
riverine functions. For example, in Figure 4-5, the green bars indicate Alien infestation, the black
bars indicate erosion or excavation, the brown bars indicate channelling or levees, etc.
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4. The dashed baseline indicates no change. The stacked graphs indicate the change in
function. Some activities will have positive impacts and some will have negative impacts. The
total length (both positive and negative impacts) of the stacked bar should be considered, when
determining which functions have been most impacted by activities on the site. Rehabilitation
activities should focus on the activities causing negative impacts on the site.

Of particular concern are the negative impacts to riverine functions. The stacked graphs that are
the furthest/longest below the baseline indicate the most negative change in riverine function. In
the Figure 4-5, Habitat provision, subsistence are the two most negatively impacted functions,
followed by sediment trapping, flood attenuation, water quality and carbon storage.
Aesthetic/Recreational/Cultural has the least negative change in function. This means that
rehabilitation objectives of this site should focus on rehabilitating habitat provision as a priority.

5 INFORMING THE ADMINISTRATIVE NOTICE

Using the results from the Dashboard, the official can then direct the rehabilitation plan to
specifically target the remedying of identified riverine functions.

The request for a Rehabilitation Plan should include three aspects:

i. The function(s) to be rehabilitated and any necessary specialist studies;

ii. Environmental Management Plan / Programme;

iii. Monitoring Programme.
For example, submit a rehabilitation plan within 30 days from receipt of this notice for approval by
this Department. The rehabilitation plan should address the following issues:

i. Impacts to habitat function — a detailed habitat integrity assessment should be
carried out in accordance with requirements of the EcoClassification Module G:
Index of Habitat Integrity (Kleynhans et al., 2009) and should be compiled by an
appropriate accredited or professional registered specialist or ecologist.

. Environmental management plan - must recognize the potential impacts of activities
on the site, provide mitigation for these impacts, as well as allocate responsibility for
implementing the mitigation. The EMP should include best practice methodologies
for site management, e.g. bunding of stockpiled soil; delineate the riparian zone and
clearly indicate that it is a sensitive environment; no toilets or storage of substances
within the buffer of- or the riparian zone.

iii. Monitoring plan — detailing the parameters to be measured, the timing of monitoring
and responsibility of monitoring activities, to determine progress of the rehabilitation
activities to the rehabilitation objectives and if necessary compliance activities.

5.1 Specialist studies

The fundamental aim of EcoClassification is to determine the cause and origin of the deviation
(impact) of the Present Ecological State (PES) from the reference condition of the biophysical
components. “The purpose of the EcoClassification process is to gain insights and understanding
into the causes and sources of the deviation of the PES of biophysical attributes from the
reference condition. This provides the information needed to derive desirable and attainable
future ecological objectives for the river” (Kleynhans and Louw, 2008:A1-1). This is necessary in
order to determine suitable and appropriate rehabilitation objectives and activities. The
EcoClassification process provides detailed assessments, carried out by specialists, for each of
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the component —drivers and responses, Figure 5-1. These specialist studies can be applied

according to which function(s) has been identified in the Dashboard

Figure 5-1 Interaction between drivers and biological response (Adapted: Kleynhans and Louw,

2008:A2-7)

5.1.1.1 Habitat Integrity (Habitat Provision Function)

Habitat provision is the most common riverine function to be impacted in urban rivers as a
change in each system driver (hydrology, water quality, etc.) will always result in a change to
habitat attributes. “The habitat integrity of a river refers to the maintenance of a balanced
composition of physico-chemical and habitat characteristics on a temporal and spatial scale that
are comparable to the characteristics of natural habitats of the region” (Kleynhans 1996 in
Kleynhans et al., 2009:G1:v). Aquatic physical habitat refers to the environment for the in-stream
biota created by the interaction of the physical structure of the channel (the geomorphology) and
the flow regime (discharge pattern over time). Table 5.1 summarises the various component and
metrics (aspects) that affect habitat integrity.

Table 5.1 Summary of the Index of Habitat Integrity components and metrics

IN-STREAM HABITAT INTEGRITY

RIPARIAN ZONE HABITAT INTEGRITY

ASSESSMENT

Component Metric Component Metric

Hydrological modification Base (low) flows Hydrological Base flow
Zero (no) flows modification Zero flow

Floods Moderate floods and
freshes
Physico-chemical pH Large floods
modification Inorganic salts Bank structure Marginal
Nutrients modification Non-marginal
Water temperature Riparian zone Lateral
Water clarity connectivity Longitudinal

Oxygen concentration
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Toxics

Bed modification Sedimentation
Benthic growth. (Algal
growth)

Bank modification Marginal characteristics

(vegetation and abiotic
(e.g., undercut banks)
Non-marginal
characteristics
(vegetation and abiotic)

Connectivity modification Longitudinal
Lateral

Where any of the metrics in Table 5.1 have been or are likely to be affected by the contravention,
then a detailed habitat assessment is required in order to determine the state/health of the
habitat integrity on the site. The assessment should be in accordance with the requirements of
the EcoClassification Module G: Index of Habitat Integrity (Kleynhans, C.J. et al., 2009) and
should be compiled by an appropriate accredited or professional registered specialist or
ecologist. The Habitat Integrity Assessment will provide information regarding a variety of the
other drivers and responses resulting in the impact to habitat provision. As a guideline, a habitat
assessment will also provide information about the other drivers and responses, and can be used
as a minimum requirement for specialist studies, but this should be reviewed on a specific case
basis.

5.1.1.2 Water Quality (Water Quality Function)

Where there are serious water quality-related impacts on the site e.g. fish and bird deaths, strong
smelling/odorous water, unnatural water colour, excessive algal blooms, etc., a detailed water
quality analysis must be conducted. This includes an assessment of Total Dissolved Solids
(TDS), e.coli, pH, dissolve oxygen, and water clarity. Most of these attributes can be tested with
apparatus by the officials themselves, however where laboratory testing is required, e.g. heavy
metals, nutrients, e.coli, the samples must be taken according to the appropriate sample
methodologies, laboratories must be accredited, and a chain of evidence must be attached to the
samples at all times.

Side Note: Diatoms

Diatom assessment is not part of the Site Assessment, as it requires specialist laboratory work.

However, diatoms are indicators of water quality and can be included in any detailed studies for

water quality.

Diatom Sampling and Analysis by Koekemoer (2011)

“Diatoms are part of the primary producer trophic level and therefore form the base of the aquatic

food web. They usually account for the highest number of species among the primary producers

in aquatic systems (Leira, 2005; Bubak and Bozena, 2005). Diatoms are photosynthetic

unicellular organisms and are found in almost all aquatic and semi-aquatic habitats.”

“Diatoms have been shown to be reliable indicators of specific water quality problems such as

organic pollution, eutrophication, acidification and metal pollution (Tilman et al., 1982; Dixit et al.,

1992), as well as for general water quality (Prygiel et al., 2002). The reasons why diatoms are

useful tools for bio-monitoring are summarised below according to Round (2001), and De la Rey

et al., (2004):

. They occur in all types of aquatic ecosystems.

. They show a broad range of tolerance along a gradient of aquatic productivity, and
individual species have specific water chemistry requirements.
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o They have one of the shortest generation times of all biological indicators as they
reproduce and respond rapidly to environmental change and provide early warnings of
both pollution increases and habitat restoration success.

o They are sensitive to change in nutrient concentrations.

o Assemblages are usually diverse and therefore contain considerable ecological
information. For this reason robust statistical and multivariate procedures can be used to
analyze assemblage data.

o They respond rapidly to eutrophication and recovery. Diatoms are primarily
photoautotrophic organisms, and are directly affected by changes in nutrient and light
availability.

. Rapid immigration rates and the lack of physical dispersal barriers ensure little lag-time
between perturbation and response.

. The taxonomy of diatoms is generally well documented.

. Diatoms can be found on substrates in streambeds even when dry, therefore they can be
sampled at most times of the year.”

“Diatoms are commonly employed in monitoring efforts as sensitive biological indicators to
determine the anthropogenic impact on aquatic ecosystems, and have for a long time been used
in bio-assessments (Kasperovi¢iené and Vaikutiené, 2007). As benthic diatom assemblages are
sessile they are exposed to water quality at a site over a period antecedent to sampling. They
therefore indicate recent as well as current water quality (Philibert et al., 2006).
Within the last decade diatom indices have gained considerable popularity throughout the world
as a tool to provide an integrated reflection of water quality, which can form the basis of
management decisions regarding rivers and streams (Taylor 2004).
Diatoms have tolerance limits and optima with respect to environmental conditions such as
nutrients, organic pollution, pH, salinity and acidity (Van Dam et al, 1994; Bellingeri et al., 2006).
The specific water quality tolerances of diatoms have been resolved into different diatom-based
water quality indices, used around the world. The most indices are based on a weighted average
equation (Zelinka and Marvan, 1961). In general, each diatom species used in the calculation of
the index is assigned two values; the first value reflects the tolerance or affinity of the particular
diatom species to a certain water quality (good or bad) while the second value indicates how
strong (or weak) the relationship is (Taylor, 2004). These values are then weighted by the
abundance of the particular diatom species in the sample (Lavoie et al., 2006; Taylor, 2004;
Besse, 2007). The main difference between indices is in the indicator sets (hnumber of indicators
and list of taxa) used in calculations (Eloranta and Soininen, 2002). “
“Biological water quality or diatom based water quality results are based primarily on the results
provided by the SPI index. The SPI uses most species (1300 - 2000) from the database and
categorizes species into five sensitivity groups. It has the broadest species base and highest
taxonomic resolution of all the indices, i.e. identification of taxa in some cases needs to be down
to subspecies and form level (Taylor, 2004). The index evaluates organic and inorganic pollution
based on the sensitivity of each taxon, while taking into account the response of the whole
diatom community (Almeida, 2001). The index is used to indicate general water quality.

The European numerical diatom index, the Specific Pollution sensitivity Index (SPI) was used to

interpret results. De la Rey et al. (2004) concluded that the SPI reflects certain elements of

water quality with a high degree of accuracy due to the broad species base of the SPI. The
interpretation of the SPI scores has recently been adjusted (Taylor and Koekemoer, in press)

and the new adjusted class limits are provided in Table 5.2.

Table 5.2 Adjusted to South African context, class limit boundaries for the SPI index.
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Interpretation of index scores
. Index Score (SPI
Ecological Category (EC) Class Score)
A . . 18-20
High quality 17-18
. 15-17
Good quality 14-15
| C | ) 12-14
Moderate quality 10-12
“ . 8-10
Poor quality 6-8
E 5-6
Bad quality 4-5
<4

The aim of the diatom based water quality results is to provide biological water quality

information for conditions on the day of biological component sampling regarding the aquatic

health and functioning of the aquatic system, and providing additional input to the physico-

chemical component of the study as a response variable.

The report includes:

e A biological water assessment which will include an assessment of the physico-chemical
variables: Dissolved Oxygen (DO), Temperature, Salinity, pH and nutrients;

. Current pollution levels as indicated by the SPI index;

. General description of the water quality related habitat specifications linked to ecologically
sensitive species requirements; and

. Possible trends in biological water quality.

Approximate cost: R1000/per sample analysis (in 2012) which includes laboratory preparation of
sample, diatom counting and analysis and reporting.

5.1.1.3 Hydrology / geomorphology (Flood attenuation and Sediment trapping functions)

Where contravening activities have resulted in, or themselves are, activities causing impacts to
the flow regime (including the functions of flood attenuation and/or sediment trapping) of the
water course e.g. impoundments, major abstractions, bridges/culverts, weirs, significant
impediments or diversion of flow, excessive erosion, etc. a detailed hydrological assessment
should by conducted for the site (including upstream and downstream impacts). Changes in the
hydrological regime of the watercourse will impact on the erosion/sediment/deposition regime as
well as the flooding patterns of the watercourse. Hydrological studies should be carried out by
qualified or professional registered hydrologists. Where erosion and sedimentation/deposition are
the critical issues, then an accredited or professional registered sedimentologist or
geomorphologist should conduct the analysis.

Where specialist studies are identified they should be conducted by the relevant accredited or
professionally registered specialists. The detailed studies need to compare the site reach to a
reference condition, clearly outline the key issues, and make clear recommendations for
rehabilitation, including setting objectives and identifying measures (indicators) of progress. All
results should be recorded as a baseline against which to monitor progress (improvement). The
Specialists need to answer the following questions in their reports:

e Describe the impact of the contravention: Has the contravention resulted in an impact to
the river corridor (riparian area and in-stream)? Explain how/ what the impact (and
cumulative impact if relevant) has been? What are the footprint / extent of the impact?
What is the duration of the impact e.g. temporary, permanent, etc.? How has the
contravention/impact affected safety (public safety), water quality, hydrology,
geomorphology, biodiversity on the site and the adjacent properties?

¢ Should directed remedial activities seek to Restore, Rehabilitate or Remediate the river
corridor? Where restore refers to returning the river to a pristine state; rehabilitate refers
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to repairing specific functions but not returning the entire site to a pristine state; and
remediate refers to maintaining the status quo and preventing further degradation. What
should the objectives of the “rehabilitation” be? What measures/indicators should be
used to monitor progress of the rehabilitation?

Based on the results and recommendations of the Specialists studies, a rehabilitation plan
should be compiled setting clear objectives for rehabilitation, including appropriate timeframes
and measures (indicators) of improvement. A compliance notice or directive can then be issued
instructing the implementation of the rehabilitation plan as per the Specialist studies.

Where a person cannot afford to conduct the specialist studies, the enforcing Institution should
conduct the specialist studies and remedial works, in terms of sections 28(7), 31N(2)(b) of the
National Environmental Management Act (Act 107 of 1998)(NEMA), or sections 19(4), 20(6)(b),
53(2)(a) of the National Water Act (Act 36 of 1998)(NWA), and then claim the costs back where
appropriate.

Information and data collected in the specialist assessments should be captured into the River
Health Programme database for future monitoring and reference.

5.2 Environmental Management Plan/Programme (EMP)

The Environmental Management Plan/Programme, like formal Environmental Authorisations,
must identify the potential impacts of activities on the site, provide mitigation for these impacts,
as well as allocate responsibility for implementing the mitigation. The EMP is an extension of the
Environmental Authorisation and in the case of compliance and enforcement will be an extension
of the administrative notice (e.g. Compliance Notice or Directive). The aim of the EMP is to
promote environmental awareness and best environmental practice in all activities on site not
limited to the ‘listed’ activities.

Firstly the riparian zone should be delineated according to the DWAF (2008) guideline, and
mapped spatially using the GPS co-ordinates of the riparian-terrestrial boundary. The map
should also include the 32metre buffer around the riparian zone. The boundary of the riparian
area and the buffer area should be clearly demarcated on site e.g. by coloured markers, fencing,
signage, etc. The EMP should indicate which activities should not be carried out within the
riparian area and within the buffer area e.g. storage and disposal of waste and temporary toilet
facilities.

Additional EMP activities should include:

e Removal or management of alien and invasive vegetation according to the class of plant
species.

e Rubble and site waste to be collected in clearly marked skips or litter bins around the
site. Implement site management fines for littering/dumping. Install litter traps on storm
water runoff infrastructure. Erect no dumping/no littering signs. Waste such as plastic,
glass and tins, etc. should be recycled wherever possible. Remove dumping/solid waste
to an approved landfills site (pink slips to prove formal dumping, or detailed motivation of
recycling).

e Improved stormwater retention and/or filtration prior to discharge (SUD).

e Regular clearing of stormwater drains, riparian areas and in-stream channels of debris,
sediment and solid waste washed from site.

e Erect sediment screens around stockpiles.
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e Storage of hydrocarbons and other substances must be in accordance with their
materials datasheets or South African National Standards (SANS).

e Maintenance of equipment must be in a bunded or secured area. Spills must
immediately be cleaned up and contaminated soil and waste must be disposed of by
appropriate means.

5.3 Monitoring

According to FISRWG (2001:9-29) designing the rehabilitation plan is not the end of the project.
The remedial effort is not considered complete once the rehabilitation plan has been
implemented, but that there should be ongoing monitoring, evaluation, and adaptive
management. The purpose of monitoring rehabilitation activities is to gather data that will help
determine the success of the rehabilitation effort. FISRWG (2001) suggests that monitoring of
rehabilitation activities should be guided by predetermined criteria and checklists and allow for
the recording of results in regular monitoring reports. The technical analysis in a monitoring
report should reflect remedial objectives and should identify and discuss options to address
deficiencies.

The National Research Council (NRC) (1990), based on a thorough review of freshwater
monitoring plans some of which have been in place for over 30 years, recommended the
following factors to ensure a sound monitoring plan:

e Clear, meaningful monitoring plan goals and objectives that provide the basis for
scientific investigation;

e Flexible plans that allow modifications where changes in conditions or new information
suggests the need;

e Useful and accessible monitoring information available to all interested parties.

The Monitoring aspect of the Rehabilitation Plan should set out the monitoring requirements,
such as parameters to be measured, timing of monitoring and responsibilities (person e.g.
specialist or ECO) of monitoring activities. The monitoring plan does not need to be complex or
consist of expensive measures and assessments. It must be practical and provide some
indication of the progress of attaining the rehabilitation objectives.
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ANNEXURE B: WETLAND AND RIVERINE VEGETATION
INDICATOR SPECIES

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF) (2008). Updated Manual for
the Identification and Delineation of Wetlands and Riparian Areas, draft document
prepared in 2008 by M. Rountree, A. L. Batchelor, J. MacKenzie and D. Hoare for
Department of Water Affairs and Forestry: Stream Flow Reduction Activities, Pretoria,
South Africa. (unpublished).
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ANNEXURE C: ALIEN AND INVASIVE RIVERINE VEGETATION
SPECIES

CONSERVATION OF AGRICULTURAL RESOURCES ACT, Act 43 of 1983, list of
declared Alien and Invasive species

National Environmental Management: Biodiversity Act: Act 10 of 2004, Government
Notice R508 in Government Gazette 36683 of 19 July 2013 (National list of Alien
species).

National Environmental Management: Biodiversity Act: Act 10 of 2004, Government
Notice R507 in Government Gazette 36683 of 19 July 2013 (National list of invasive
species).

National Environmental Management: Biodiversity Act: Act 10 of 2004, Government
Notice R506 in Government Gazette 36683 of 19 July 2013 (Alien and Invasive species

regulations 2012) — not in operation yet.

HENDERSON, L. (2001) Alien Weeds and Invasive Plants. Agricultural Research
Council, Cape Town, South Africa

GERBER, A.; CILLIERS, C.J.; VAN GINKEL, C. AND GLEN, R. (2004) Easy
Identification of Aquatic Plants. Department of Water Affairs, Pretoria.
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