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Summary
This document reports on a component of the WRC K5/2354 project exploring the economics of
investing in ecological infrastructure (EI) within the uMngeni Catchment through the uMngeni
Ecological Infrastructure Partnership (UEIP) pilot sites. Deliverable 4, which presented the
methodology and literature review in support of the economic evaluation approach, Deliverable 9 (this
report) and Deliverable 12 (July 2018) form the economic component of the overall research project.
Deliverable 9 (this report) documents information and activities towards deliverable 12, where
final conclusions and recommendations will be reported. This report provides an overview of the
water quality status and objectives for the uMngeni system and a discussion of the consequences and
costs of declining water quality and reports on the findings of studies on the costs of poor water
quality in the uMngeni system. The report then presents a summary and progress to date of the
economic evaluation of the pilot studies.
Overall, the water quality of the uMngeni River has been good for many years, but is showing signs of
deterioration – several ‘hot spots’ of poor water quality are identified. Key water quality issues
throughout the system appear to be nutrient loads and high faecal coliform contamination. High
nutrient loads put water storage facilities at risk of eutrophication, while faecal coliform contamination
has implications for in situ use and human health. Constant inputs of untreated sewage have been
identified as key drivers of poor water quality throughout the system. Cases of poor water quality are
generally associated with areas of greater development. However, it has been emphasised that the
relationships between land use and land cover change and water quality parameters are complex and
site specific. The seeming relationship between urban development and poor water quality and the
cases where water quality has improved for no other reason than the river’s natural capacity to
assimilate impurities suggests two actions/interventions are needed in terms of water quality in the
uMngeni Catchment: (1) to protect the water resources (ecological infrastructure) of un- or relatively
less developed areas and (2) develop solutions for mitigating the impacts of urban development on
water resources.
Water quality is a vital dimension of water security and a key focus of the UEIP pilot sites. An
understanding of the consequences and costs of declining water quality is useful in evaluating options
to improve or protect water resources. The use of polluted water can result in serious consequences
with attendant costs across a range of categories including human health, environmental impacts and
productive activities such as agricultural, recreation and industry. These consequences have
attendant costs; the costs associated with damages incurred or income forgone, the costs of
increased water treatment to avoid such consequences, and the costs of water quality monitoring,
compliance control and policy development. However, the relationship between water quality and the
various consequences of declining water quality (such as chemical usage) is not straight-forward.
The economic evaluation studies include:
(1) a cost-benefit analysis of wetland rehabilitation along the Mthinzima Stream, upper-uMngeni.
This case study is informed by the MSc research project of Nothando S. Buthelezi;
(2) an investigation of the opportunities for investing in EI in the Baynespruit catchment and a
cost-effectiveness analysis (CEA) of selected management options to address water security
related challenges in the catchment.
The case studies provide an opportunity to contribute to the knowledge base of potential costs and
benefits of investing in EI towards future decision-making how ecological infrastructure considerations
can be incorporated into decision-making. The case studies further highlight knowledge and
information needs. While the attempt to apply economic evaluation approaches to the pilot sites has
proved challenging and raised many questions; the opportunity to test approaches, raise questions
1

and engage various practioners and research disciplines on these challenges provides a valuable
contribution to this field. The final outcomes, conclusions and recommendations from the case
studies will be reported in Deliverable 12 (July 2018).
One of the noteworthy findings to date, of this component of the broader research study, is the
quantity of information and research outputs that are available for the uMngeni catchment. This
information exists at various levels of detail and certainty. A key challenge is consolidating and
evaluating the fragmented data sources and information so that it can be used to inform the
management of the catchment and decisions on investing in ecological infrastructure.

1

1 Introduction
1.1 WRC Project K5/2354 - Overview
In April 2014, the Centre for Water Resources Research (CWRR) and partners were awarded a 5
year research project through a Water Research Commission (WRC) solicited call.
The project is entitled:
“Demonstration of how healthy ecological infrastructure can be utilized to secure water for the
benefit of society and the green economy through a programmatic research approach based
on selected landscapes”.
The uMngeni catchment has become a focus area and pilot study site through various initiatives, and.
The K5/2354 project is now fully integrated within the research portfolio of the uMngeni Ecological
Infrastructure Partnership (UEIP). The project continues to focus its efforts on supporting the service
provider partners of the UEIP through research in the pilot study sites and these continue to form the
focus “landscapes” through which this project operates i.e. the Mthinzima Stream upstream of Midmar
Dam, the Baynespruit Stream in Pietermaritzburg and the Palmiet River catchment in eThekwini,
Figure 1.

Mthinzima

Baynespruit
KwaZulu-Natal

Palmiet

Figure 1 : Overview of the study area showing the pilot study sites, Mthinzima Stream, Baynespruit Stream and
Palmiet River, KwaZulu-Natal.

Water quality is a vital dimension of water security and a key focus of the pilot sites. Many of the
benefits of improved water quality are the benefits of consequences and costs avoided due to the use
of water of a quality not fit for its intended purpose or the costs avoided of alternative means of
achieving the same objective. In other words, the valuation of the benefits of action
(maintained/improved water quality) is often indicated through the valuation of the costs of no action
(declining water quality) or the costs of alternative actions. An understanding of the consequences
and costs of declining water quality is useful in evaluating options to improve or protect water
resources.
1

A component of the broader research project is to explore the economics of investing in ecological
infrastructure (EI) within the uMngeni Catchment toward water security. This is being done at a case
study level through the economic evaluation of the proposed investment actions of the UEIP pilot
sites. The Mthinzima Stream case study forms an MSc research project being undertaken by
Nothando Buthelezi; the overall economic component contributes to PhD research on the economics
of investing in ecological infrastructure.
The Green Economy is a vision built out of the need to progress toward sustainable development. Its
goals are ambitious and it is legitimate to assume that the many and significant changes that will be
required will necessitate difficult decisions, characterised by uncertainty conditions. As noted in a
CSIR report, the green economy concept is, as yet, poorly understood and will depend on the context
in question (CSIR, 2014). The case studies provide an opportunity to begin building an evidence base
of potential costs and benefits of investing in EI towards future decision-making as well as informing a
process whereby ecological and green infrastructure considerations are incorporated into decisionmaking. The case studies further highlight information and data requirements and challenges and
raise a number of pertinent questions.

1.2 Deliverable Aims and Structure
Deliverable 4 of the research project presented the methodology and literature review in support of
the economic evaluation of investing in ecological infrastructure. Together, Deliverables 4, 9 (this
report) and 12 (July 2018) form the economic component of the overall research project.
A primary focus of the three UEIP pilot sites is water quality and investment actions to protect and
improve water quality. Deliverable 9 (this report) focuses on water quality and particularly the costs of
declining water quality. The report provides the context for the call from various stakeholders for
interventions to protect and improve the water quality of the uMngeni system with a focus on the pilot
sites. The costs of declining water quality provide an indication of the benefits of protecting and
maintaining water quality (i.e. through a costs or damages avoided approach).
The second aim of the report is to provide feedback and progress on the economic evaluation studies
of the pilot sites, the final results of the studies will be reported in Deliverable 12.
The report is organised as follows. Section 2 provides an overview of the water quality status (section
2.2) and objectives (section 2.3) for the uMngeni system. Section 2.4 provides a discussion of the
consequences and costs of declining water quality and reports on the findings of studies on the costs
of poor water quality in the uMngeni system.
Section 3 is a summary of and progress to date on the economic evaluation case studies and
provides an opportunity to raise questions, highlight challenges and outline data needs. In response
to challenges faced by the economics team in terms of data availability and modelling/projecting
changes in water quality and the outcomes of potential investments in ecological infrastructure
(resulting changes in ecosystem services and benefits), Section 4 provides an introduction potential
modelling methods and tools.

1.3

A note on terms

Several concepts and terms used regularly in this report require some clarification.
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Ecological Infrastructure
There is no single agreed upon definition of ecological infrastructure. For the South African National
Biodiversity Institute (SANBI) Ecological Infrastructure “refers to naturally functioning ecosystems that
deliver valuable services to people, such as fresh water, climate regulation, soil formation and
disaster risk reduction. It is the nature-based equivalent of built or hard infrastructure, and is just as
important for providing services and underpinning socio-economic development” (SANBI, 2013:1).
‘Naturally functioning’ refers to “ecosystems that are in a natural, near natural or functional condition,
whose basic ecosystem functions are predominantly unchanged, even though their composition and
structure may have been modified” (SANBI, 2014:3).
By this definition, ecological infrastructure is seen as already – or ‘naturally’ - existing in the
landscape, although in some cases it might be degraded, and does not include ‘artificial’ (created or
constructed) ecosystems and is therefore distinguished from Green Infrastructure.
As with all forms of infrastructure, ecological infrastructure needs to be maintained and managed and
in some cases restored, where ‘restored’ refers to the restoration of ecological functioning, rather than
restoration to a pristine state (SANBI, 2014).
Ecological infrastructure is viewed as an asset, or stock, from which a range of valuable services flow
(SANBI, 2014).
Investing in Ecological Infrastructure
According to SANBI (2014:4), investing in ecological infrastructure involves “maintaining functioning
ecological infrastructure, as well as restoring degraded ecological infrastructure” where ‘Investment’
refers to “devoting time, effort, finances and/or making decisions in support of a particular undertaking
with the expectation of a worthwhile result”.
SANBI (2014) advocate seven principles of investing in ecological infrastructure:
• Investment in ecological infrastructure should focus on achieving clearly defined benefits and
outcomes
• Investment in ecological infrastructure should focus on systematically identified spatially
strategic areas
• Investment in ecological infrastructure will be strengthened by a transdisciplinary approach
• Investment in ecological infrastructure should build on and learn from existing experience and
programmes
• Investment in ecological infrastructure should optimise its contribution to job creation, poverty
alleviation and rural development
• Investment in ecological infrastructure should take place in a participatory and socially
sensitive manner
• Investment in ecological infrastructure should include monitoring and evaluation.
In this report, ‘investing in ecological infrastructure’ refers to actions taken to improve the condition of
ecological infrastructure, maintain/preserve the existing condition and/or halt further declines in
condition and may include physical interventions such as ecosystem restoration, rehabilitation,
conservation and management activities as well as investments related to developing/strengthening
institutions and influencing social behaviour amongst others.
Green Infrastructure
This term encompasses an array of perspectives and practices.
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Broadly, ‘green infrastructure’ can be viewed as “any infrastructure that is good for the environment
and promotes sustainable development” (SANBI, 2017:1). For example, public transport systems that
reduce the use of fossil fuels, renewable energy infrastructure such as wind farms, or (perhaps more
typically) environmentally-friendly components of built infrastructure, such as permeable pavements,
green roofs and artificial ecosystems like constructed wetlands for wastewater treatment. Some
definitions of green infrastructure include natural ecosystems, along with green spaces such as parks
and private gardens.
Three common themes or perspectives on Green Infrastructure can be discerned (Department of
Environment, Water and Natural Resources, the Government of South Australia (2016) :
a) Linked green spaces approach. In this approach the importance of retaining and linking green
spaces, nature corridors and drainage networks in cities to enhance ecosystem functioning is
emphasized. The network of Green Infrastructure is seen as analogous to the network of
conventional engineering infrastructure underlying the functioning of a city. In this sense, the
green infrastructure concept provides a framework for more sustainable urban development.
b) Green engineering approach. In this approach Green Infrastructure is viewed as a specialized
form of engineering infrastructure, replacing conventional engineering structures with ‘green’
elements to perform functions such as waste and storm water management or enhance
building energy efficiency. Examples include the use of green roofs and living walls to cool
buildings, or the use of vegetation to purify storm water runoff.
c) Ecosystem services approach: In this approach nature and natural cycles are recognized as
delivering ecosystem services, while these natural cycles operate globally, they can also be
retained, restored and maintained within cities to produce local benefits.
In the State of Green Infrastructure Report for the Gauteng Region (GCRO, 2013), ‘green
infrastructure’ is the “interconnected set of natural and [hu]man-made ecological systems, green
spaces and other landscape features. It includes planted and indigenous trees, wetlands, parks,
green open spaces and original grassland and woodlands, as well as possible building and streetlevel design interventions that incorporate vegetation, such as green roofs. Together, “these assets
form an infrastructure network providing services and strategic functions in the same way as
traditional ‘hard’ infrastructure” (GCRO, 2013:3). In Cape Town, Green Infrastructure is receiving
increasing attention as a water sensitive design strategy in the management of stormwater and
surface water (de Almeida, 2015).
Further definitions of Green Infrastructure (GI) include:
• An approach to water management that uses natural processes to improve water quality and
manage water quantity by restoring the hydrologic function of the urban landscape (EPA,
2015)
• Any infrastructure that is good for the environment and promotes sustainable development
(SANBI, 2013).
• A planned or managed (often engineered), natural or semi-natural system designed to fill a
specific need. In addition to providing the required function, green/natural infrastrcuture can
provide more categories of co-benefits when compared to traditional grey infrastructure
(WBCSD, 2015).
Ecological infrastructure may therefore be a component of some definitions of green infrastructure,
however, by the SANBI definition, not all green infrastructure is considered ecological infrastructure;
ecological infrastructure is understood in its own right and as distinct from parks, private gardens, or
environmentally friendly components of built infrastructure (SANBI, 2017).
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Grey Infrastructure
This term is used to refer to human-engineered solutions using non-living, non-self-maintaining
systems (typically of concrete and steel construction) designed to provide a required function
(WBCSD, 2015).
Built or nature-based infrastructure
An emerging discourse on the management of water resources argues that nature-based solutions
provide alternatives to ‘built infrastructure’, which can be more cost-effective and provide additional
co-benefits. The conventional perspective advocates built infrastructure, arguing that the links
between built water infrastructure and economic development are well established; where built
infrastructure is insufficient to manage water, socio-economic development is curtailed. Both
perspectives attempt to balance social, economic and environmental considerations; one by placing
emphasis on built infrastructure, and the other on natural infrastructure. In reality, it’s unlikely to be a
case of either or, but rather an approach is needed that recognizes that, while more built infrastructure
may be required, it is not necessarily the best or only option in any given situation. Alternative
solutions should be given equal consideration in planning.
Evaluating options and finding an appropriate balance between development needs and safeguarding
ecosystems and nature is complex. Often, planning and decision-making processes isolate water
management issues within the context of engineering or hydrology or waste management; insufficient
attention is given to the role of ecosystems. This poses both a challenge and opportunity to water
resource management. Approaches and tools that promote the integration of a range of knowledge
systems - engineering, hydrology, ecology, economics - into planning processes are needed.
Water Security - “the capacity of a population to safeguard sustainable access to adequate quantities
of acceptable quality water for sustaining livelihoods, human well-being, and socioeconomic
development, for ensuring protection against water-borne pollution and water-related disasters, and
for preserving ecosystems in a climate of peace and political stability” (UN Water, 2013)
Water Quality – “the physical, chemical, biological and aesthetic properties of water which determine
its fitness for a variety of uses and for protecting the health and integrity of aquatic ecosystems”
(DWAF, 1996:2).
Constituent – “a term used for any of the properties of water and/or the substances suspended or
dissolved in it. In the international and local literature, several other terms are also used to define the
properties of water or for the substances dissolved or suspended in it, for example water quality
variable, characteristic or determinand. Examples of constituents which are used to describe water
quality are:
• The temperature of the water is 20°C,
• The colour of the water is green,
• The concentration of calcium is 60 mg Ca/L,
• 30 % of the surface of the water body is covered with Water Hyacinth (DWAF, 1996:2).
A category of constituent may also be represented by an ‘indicator constituent’. A common example
of this is the use of E.coli as an indicator of faecal coliform or pathogen contamination. E.coli is one of
multiple faecal coliforms.
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2 Water quality and the uMngeni Catchment
This section of the report aims to provide an overview of the water quality status of the water
resources within the uMngeni Catchment and the water quality objectives for the catchment. This
provides the back-drop to a discussion of the costs of declining water quality in the catchment and
provides support for the call from various stakeholders for interventions to protect and improve the
water quality of the uMngeni system.

2.1 Defining water quality
Water quality refers to the “physical, chemical,
biological and aesthetic properties of water which
determine its fitness for a variety of uses and for
protecting the health and integrity of aquatic
ecosystems” (DWAF, 1996:2). Generally, water has
a variety of substances suspended or dissolved in it.
The quality of water is influenced by the type and
level of these substances. Several terms are used to
refer to such substances including constituents,
contaminants, water quality parameters, variables,
characteristics or determinands.

Physical characteristics primarily impact
the physical appearance or other physical
properties of water. Examples include
temperature, flow velocity, turbidity.
Chemical characteristics are elements or
compounds. These constituents may be
naturally occurring or anthropogenic.
Examples include nitrogen, salts,
pesticides, metals and toxins.
Biological constituents are organisms in
the water. They are also referred to as
microbes or microbiological contaminants.
Examples include bacteria, viruses,
protozoan, and parasites.

There is no single state or measure that constitutes
good water quality, but rather ‘good’ or ‘poor’ water
quality is defined relative to its intended use.
https://www.epa.gov/ccl/types-drinking-waterDifferent water uses can have quite different water
contaminants
quality requirements. The level of water quality – or
levels of specific constituents - required for drinking water is not the same as that required for flushing
toilets or irrigating crops. When we describe the quality of water, we usually do so in relation to its
intended use, which can include domestic, agricultural, industrial or recreational purposes, or its
suitability to maintain a healthy aquatic ecosystem. A judgement on water quality (e.g. good or poor)
is a judgement of how suitable the quality of water is for its intended use and is based on the
consideration of a variety of the constituents of the water. Poor water quality then, is water of a quality
unfit for its intended use.
Water quality guidelines provide basic scientific information about water quality constituents and
threshold levels for specific water uses. The South African Water Quality Guidelines are used by the
Department of Water and Sanitation as its primary source of information and decision-support to
judge the fitness of water for use and for other water quality management purposes.
Water quality is changed and affected by both natural processes and human activities. Natural water
quality varies from place to place, depending on the season, climatic changes and with the types of
soils, rocks and surfaces through which it moves. As water flows in streams, sits in dams or lakes,
and filters through layers of vegetation, soil and rock it dissolves or absorbs many of the substances
that it encounters. Similarly, as water flows through human settlements, developed areas and urban
and rural landscapes, water transforms in composition and physical parameters according to
substances that it encounters. A variety of human activities such as urban and industrial development,
agricultural, mining and recreation activities, can influence and alter the quality of natural waters, and
change the water use potential.
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Rivers and streams have the capacity to assimilate wastes and restore water quality, also known as
the ‘self-purification capacity’ of streams. The assimilative capacity of streams can be understood as
the capacity of a natural body of water (lake, river, sea, etc.) to receive waste waters or toxic
materials, without harmful effects and damage to aquatic life and to humans who consume its water.
The self-purification of natural water systems is a complex process that involves physical, chemical,
and biological processes working simultaneously; physical forces include dilution (stream flow),
dispersion and sunlight, examples of bio-chemical forces are oxidation and reduction. Assimilative
capacity is not a fixed quantity, but rather a range of potential based on numerous factors relating
both to the characteristics of the stream (e.g. velocity, surface area) and the nature of the
waste/pollutants (e.g. organic matter, microbes, salts, heavy metals). The factors affecting the
assimilative capacity of the water body are different for different types of wastes/pollutants. Key
factors affecting assimilative capacity for three types of waste are outlined below.
Biodegradable organic wastes (oxygen demanding):
• Stream flow (dilution)
• Time of passage down the river, or distance from the point of discharge
• Water temperature
• Characteristics of waste and microorganisms
• Characteristics of the stream affecting reaeration & degradation processes.
Microbial wastes (pathogens):
• Stream flow
• Time of exposure
• Temperature.
Persistent wastes (stable, non-degradable, e.g. pesticides, salts, heavy metals):
• Primarily dilution (stream flow)
• Bound to or become associated with sediments (especially heavy metals).
Intermediate conclusion
Water quality is defined relative to its intended use. Different water uses can have quite different
water quality requirements. A judgement on water quality (e.g. good or poor) is a judgement of how
suitable the quality of water is for its intended use and is based on the consideration of a variety of the
constituents of the water. Poor water quality is water of a quality unfit for its intended use. Determining
the consequences of a change in water quality (or the costs of ‘declining’ water quality) therefore
requires an understanding of the intended use of the water as well as information on the changes in
levels of specific constituents. Rivers and streams have the capacity to assimilate wastes and restore
water quality; this capacity depends on factors relating both to the characteristics of the water
resource and the nature of the waste/pollutants.

2.2 Water quality status of the uMngeni Catchment
The uMngeni River falls within the Mvoti to Mzimkhulu Water Management Area (WMA). The
catchment has been largely modified by intensive agriculture, forestry and urban settlements (DWS
2014). The catchment has four large dams, namely, Midmar, Albert Falls, Nagle and Inanda Dams
that supply water to Durban and Pietermaritzburg cities and the surrounding areas. The uMngeni
River catchment plays a significant socio-economic role in the growing metropolitan areas in the
region (DWA 2013).
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An overview of the water quality of the uMngeni catchment as a whole as well as detailed analyses of
key components of water quality in the uMngeni catchment are given in other deliverables related to
this research project, specifically Deliverable 3 (July 2015), Deliverable 5 (progress report, 2016) and
Deliverable 8 (progress report, 2016). The water quality status of the lower uMngeni catchment will be
reported on in greater detail in Deliverable 10 (forthcoming). The findings of a number of water quality
studies of the uMngeni Catchment are summarized in Table 1 drawing mainly from the research of
this WRC project (and reported on in the project deliverables), but also including findings from other
studies and monitoring programmes. For example, Umgeni Water, Msunduzi Municipality, Department
of Water and Sanitation and eThekwini Municipality (for the lower part of the catchment) undertake
monitoring of the water quality throughout the catchment. Umgeni Water produces monthly water
quality reports for the catchment as a whole. Findings of the routine monitoring are included in Table
1.
Table 1: Overview of the water quality of the uMngeni catchment

Project specific studies in the uMngeni Catchment
Ngubane et al. (2015). Nutrient load determination to the Midmar Dam, 1987-2013. (MSc research)
[See project deliverable 3]
Nutrient loads entering the Midmar Dam from three major tributaries, viz. the Lions River, the
uMngeni River and the Mthinzima Stream were assessed.
• No streamflow data are available for Mthinzima, the daily time-step ACRU model was used to
simulate streamflow.
• Increase in nutrient loads and deterioration of water quality entering Midmar over time, these are
most likely a consequence of direct sewage entering the Mthinzima and the expansion of
agricultural activities upstream in the Lions and uMngeni catchments.
• Deteriorating water quality in the upper uMngeni may be putting Midmar Dam at risk of
eutrophication and increased costs of water purification.
• Mthinzima Stream is the smallest of the three tributaries; it contributed the highest loads in some
years, especially for nitrogen.
Namugize et al. (2015a). Effects of land use and land cover changes on water quality in the
uMngeni River catchment (PhD research) [See project deliverable 3].
The study investigated the linkages between biophysical chemical water quality parameters and
land use and land cover change (LULC) classes in the upper reaches of the uMngeni Catchment.
• Water quality has deteriorated over time and an increase in nutrients to water bodies was noted
although concentrations fluctuated with time.
• Increase of urban/built-up and cultivated areas was significantly associated with high
concentrations of TP, EC, NO3-N, SRP, E. coli, and NH4-N in the waterbody while a decline in
forest plantations and natural vegetation resulted in an increase in TSS and turbidity.
• Midmar Dam retains over 10% of nutrients and over 95% of E. coli.
• Relationships between land use and land cover change and water quality parameters in the
uMngeni Catchment are complex and site specific.
Namugize et al. (2015b). Sensitivity analysis of water quality monitoring frequency for the uMngeni
River and its tributaries. (PhD research) [See project deliverable 5]
A time series water quality data-set of thirteen years’, provided by Umgeni Water (1988-2000), was
analysed.
• Water quality status ranged from marginal to acceptable in ten of eleven stations and poor water
quality at Mthinzima River downstream of Mpophomeni Township.
Namugize et al. (2015c). The bulk atmospheric deposition of nitrogen and phosphorus in the
Midmar Dam Catchment (PhD research) [See project deliverable 8]
The study investigated the bulk atmospheric deposition of nitrogen and phosphorus in the Midmar
Dam Catchment.
• Bulk atmospheric deposition was the largest source of NH4-N loads to the Midmar Dam, while
TP and NO3 come mainly from surface inflows.
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• The study demonstrates the substantial contribution of atmospheric deposition of nitrogen and
phosphorus to the dam.
Ndlovu et al. (2015). Impact of the Lions River floodplain on downstream water quality (MSc research)
[See project deliverable 5]
An assessment of the Lions River Wetland’s impact on water quality was conducted.
The Lions River is a tributary to Midmar Dam and transports pollutants from its catchment, as well
as the Mooi River catchment through the Mooi-Mgeni transfer scheme, into the impoundment.
• Results indicate that total oxidised nitrogen decreased from upstream to downstream whilst
ammonia concentrations remained stable.
• Soluble reactive phosphorus concentrations increased, while total phosphorus concentrations
decreased from upstream to downstream.
• Lack of bank overspill and low rainfall during the study period reduced the effectiveness of the
floodplain to retain nutrients.
• Ongoing degradation of the wetland by overgrazing and artificial drainage is also having an
impact.
Govender (2016). Impact of water quality degradation in the Baynespruit on farmers in Sobantu (MSc
research) [See project deliverable 8]
The study assessed the water quality of the Baynespruit Stream and its linkages to the health of
the Sobantu community.
• Results showed high E.coli levels in the Baynespruit
• Confirmation of the presence of heavy metals in the Baynespruit and its surrounding
environment, heavy metal concentrations of surface water were low, but the sediment analysis
suggested elevated concentrations of heavy metals
• Results indicate that the water quality of the Baynespruit River is severely degraded, which may
be linked to health issues, such as skin rashes, in the Sobantu community
• A clear link between poor water quality and the perceived health issues in the Sobantu
community could not be established
Naidoo (2016). The Relationship between the infrastructure, within the Palmiet Catchment, and the
Condition of the Palmiet River Water Quality and Riparian Zone (MSc research) [See project
deliverable 8]
The study explored the relationship between the infrastructure within the Palmiet Catchment and
the condition of the river water quality and riparian zone.
• Results indicated that the Palmiet River and its riparian zone were in various degrees of
degradation
• Urbanisation, and infrastructure development in particular, has led to the degradation of the
natural environment
• By understanding the extent and severity of the impacts imposed on the Palmiet Catchment,
remedial interventions can be implemented for example,
o retention ponds, weirs and wetlands to regulate and slow down the flow of the Palmiet River
o geotextile engineering solutions as opposed to hard infrastructure solutions to stabilise
collapsing riverbanks
o rainwater tanks and retention areas in industries and households to reduce the amount of
runoff entering the Palmiet River
o improved service delivery and the potential hiring of members from the informal settlement to
reduce and remove the accumulation of waste.
Non-project specific studies uMngeni Catchment
Umgeni Water (UW) (2014). Routine water quality monitoring
• Water quality deteriorates as one moves downstream, but that there are pockets of poor water
quality throughout the catchment.
• The water quality index used by UW shows water of generally “excellent to good” quality for the
impoundments of the uMngeni System, except for Inanda Dam for which the overall water quality
9

is classified as moderate. However, in the river reaches, sections of the rivers of the uMngeni
catchment are classified as poor and unsatisfactory.
Rangeti (2014). Determinants of Key Drivers for Potable Water Treatment Cost in the uMngeni
Catchment
The study entailed the determination of key water quality parameters significantly influencing
chemical dosage in potable water treatment in the uMngeni Catchment
• Results indicate that the quality of water in the uMngeni catchment significantly deteriorated from
upstream to downstream, specifically in relation to algae, turbidity and Escherichia coli (E. coli).
• Nagle Dam, which supplies Durban Heights, is significantly affected by E. coli (42% noncompliance), turbidity (20% non-compliance) and nitrate (18% non-compliance) levels.
• Wiggins Water Treatment Plant which abstracts from Inanda Dam has a problem of high algae,
conductivity and alkalinity levels.
• Algae, turbidity and total organic carbon were key drivers for chemical dosage at both treatment
works.
• Water quality showed an improvement between dam inflow stations compared to outflows,
attributed to the retention and dilution effect.
• Based on E.coli levels and turbidity levels, the study concluded that the water of the uMngeni
Catchment is not suitable for drinking without treatment.
• The study recommends implementing measures to control physical parameter pollution sources,
specifically sewage discharges and rainfall run-off from agricultural lands along the uMngeni
Catchment to assist in reducing the chemical dosage and ultimately cost.
van Deventer (2012). Impact of land use on water quality and aquatic ecosystem health of stream
networks in the upper uMngeni catchment feeding Midmar Dam, KwaZulu-Natal, South Africa
Physico-chemical analyses and biomonitoring were used to assess the water quality and ecosystem
health impacts of current land uses on Midmar Dam – Mthinzima, Gqishi & Khayalisha subcatchments.
• Nutrient concentrations downstream of Mpophomeni settlement ranged from mesotrophic to
hypertrophic, with nitrogen to phosphorus ratios indicative of nitrogen limitation
• Nutrient loads produced by Mpophomeni are the highest of all the land uses, followed by that of
commercial agriculture
• Results indicate that with current land use activities, urban development and agriculture pose a
potential threat to the quality of Midmar Dam resource.
GroundTruth (2012). Upper uMngeni Integrated Catchment Management Plan
This study investigated water quality drivers and trends, identification of impacting land use activities,
and management and monitoring requirements in the upper uMngeni Catchment.
• Deteriorating quality of water entering Midmar Dam
• Water quality ‘hotspots’ within the system are the Mthinzima Stream and the Msunduzi River.
Both of these tributaries of the uMngeni River are plagued by constant inputs of untreated
sewage
• Water quality trend analyses applied to the Midmar Dam basin, project that Midmar Dam total
phosphate (TP) concentrations will change from the current Mesotrophic to Eutrophic (seldom
reversible) in the year 2028
• Midmar Dam is in mesotrophic state (at 2012); trends show TP (& chlorophyll) to be steadily
increasing.
The Department of Water and Sanitation recently undertook the Classification of Water Resources
and Determination of the Comprehensive Reserve and Resource Quality Objectives in the Mvoti to
Mzimkulu Water Management Area (WMA). The uMngeni River is one of the major rivers draining this
WMA. Part of this process included a water quality status quo assessment (DWA, 2013). An overview
of the Present Ecological State results is provided in Appendix 6.1.1, along with a summary of the
water quality status quo assessment.
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Based on its review, the status quo assessment identified several water quality hotspots across the
uMngeni catchment (U20), Table 2. A common water quality issue identified across these sites is
elevated nutrient levels. Water quality impact ratings range from large to critical. Two stretches of the
uMsunduzi and a tributary of the uMsunduzi are rated as critical; a third site on the uMsunduzi is rated
as serious. One stretch on the uMngeni is rated as serious (upstream of Inanda Dam). Important to
note is that the Status Quo assessment (DWA, 2013) was informed by a State-of-Rivers Report for
the uMngeni River and neighbouring rivers and streams from 2002, among other sources.
Table 2 Water quality hotspots in Catchment U2

Source: DWA (2013).

Overall, the water quality of the uMngeni River has been good for many years, but is showing signs of
deterioration. Water quality concerns include high nutrient loads from agricultural activities, sewage
effluent from commercial, industrial and residential areas and poor sanitation systems especially in
informal settlements, and inorganic and organic pollutants from industrial discharges (DWA, 2013).
The water quality of the uMsunduzi, particularly the middle and lower uMsunduzi is notably poor, with
a high faecal coliform content and nutrient enrichment.
The 'trophic status' of a water body is used to describe the quality of water quality with regard to
nutrient enrichment. As an indication of the trophic status of impoundments across South Africa, the
National Eutrophication Monitoring Programme provides summaries and graphs of the phosphorus
and chlorophyll levels over time for individual impoundments. The current trophic status of the
impoundments within the uMngeni system is summarised in Table 3. The description of each trophic
class is presented in Table 4. Graphs of phosphorus and chlorophyll levels over time for the
impoundments are provided in Appendix 6.1.2. The trophic status for the Hartbeespoort Dam is
presented here as a comparison. Hartbeespoort Dam is hypertrophic (very high nutrient
concentrations), regarded as one of the most polluted water bodies in South Africa, and is regularly
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cited as an example of the consequences for water impoundments of deteriorating water quality and
poor catchment management practices.
The current (2016-2017) trophic status of the impoundments within the uMngeni system are
oligotrophic in terms of chlorophyll ‘a’ levels and mesotrophic with regards to phosphorus levels.
Henley Dam phosphorus concentrations for the summer 2016-17 period indicate eutrophic levels. In
comparison, chlorophyll ‘a’ and phosphorus concentrations at Hartbeespoort Dam indicate a
hypertrophic state (except for chlorophyll ‘a’ levels in winter 2016). From the graphs of chlorophyll ‘a’
levels overtime (Appendix 6.1.2), Nagle Dam appears the most impacted in terms of chlorophyll ‘a’
levels, with consistently hypertrophic levels of chlorophyll ‘a’ between 2004 and 2010. Midmar Dam
levels indicate a non-eutrophic state over time, while trend analysis is not provided with the graphs,
the results indicate increasingly raised levels of chlorophyll ‘a’ overtime, particularly since 2003.
Table 3: Current Trophic Status for impoundments within the uMngeni System, and Hartbeespoort Dam, summer
2016-2017 and winter 2016

Impoundment
Midmar
Henley
Albert Falls
Nagle
Inanda
Hartbeespoort

Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter
Summer
Winter

Chl a (µg/L)
Mediana
Max
4.2
37.7
2.8
2.8
91.6
5.6
6.0
90.8
6.9
3.2
529.0
3.1
5.5
47.5
1.8
89.1
9,7

TP (mgP/L)
Mediana
0.030
0.031
0.057
0.037
0.029
0.032
0.028
0.024
0.027
0.025
0.524b
0.541

Source: DWS (2017) National Eutrophication Monitoring Programme, Summer 2016-2017 (01-10-2016 to 31-032017) and Winter 2016 (01-04-2016 to 30-09-2016)
Note: Chl a is chlorophyll a; TP is total phosphorus
a Annual Median
b Summer 2016-17 not available, value reported summer 2015-16 (01-10-2015 to 31-03-2016)
Table 4: Trophic status, colour codes, classification naming and description

Class

Description

Oligotrophic Low in nutrients and not productive in terms of aquatic animal and plant life.
Mesotrophic

Intermediate levels of nutrients, fairly productive in terms of aquatic animal and plant
life and showing emerging signs of water quality problems.

Eutrophic

Rich in nutrients, very productive in terms of aquatic animal and plant life and showing
increasing signs of water quality problems.

Hypertrophic

Very high nutrient concentrations where plant growth is determined by physical factors.
Water quality problems are serious and can be continuous.

Source: DWS (2017) National Eutrophication Monitoring Programme.

While chlorophyll and total phosphorus levels are used as indicators in the National Eutrophication
Monitoring Programme, nitrogen levels are also an important consideration. Nitrogen influences the
growth of algae and other aquatic plants, thereby influencing the trophic status of the water resource.
The ratio of nitrogen to phosphorus is a key factor in stimulating eutrophication. At low nitrogen to
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phosphorus ratios, nitrogen fixation is likely to occur which will provide additional inorganic nitrogen to
the system (DWAF, 1996). It is undesirable to allow inorganic nitrogen concentrations to rise to a level
which will change the trophic status of the system.
Umgeni Water (2014) reports that, over the period 2008 to 2013, nutrient levels in the catchment
were, on a number of occasions, above the set objectives (RQOs). The noncompliance was largely
attributed to sewer problems experienced in the Pietermaritzburg region. For the Nagle system, the
percentage compliance of nutrients against the respective RQOs showed an improvement over the
preceding year. Excessive nutrient load is reported for the Inanda system - with percentage noncompliance of nitrates having increased up to approximately 60% - attributed to catchment runoff from
the Pietermaritzburg/uMsunduzi area. The report notes however, that “due to the impoundment
length, morphology, and assimilative capacity, these problems did not affect abstraction water quality”
(Umgeni Water, 2014).
Faecal coliform contamination of the uMsunduzi and some of its tributaries is an ongoing issue
(Umgeni Water, 2017 pers. comm.). This is evident in an E.coli concentration map produced by the
Duzi-uMngeni Conservation Trust (DUCT, 2017) specifically for the Duzi Canoe Race route, which
shows a mix of largely moderate to high risk categories along the uMsunduzi River between Henley
Dam and the confluence with the uMngeni for 2017, Figure 2. The map implies a negative impact of
the uMsunduzi, in terms of pathogen contamination (indicated by E.coli levels), on the uMngeni where
the condition of the uMngeni deteriorates after the confluence with the uMsunduzi. The map shows
the Baynespruit Stream to be in a ‘very poor quality/high risk’ category. A similar map produced for
the year 2010, Figure 3, shows a mostly low risk category for the same stretch of the uMsunduzi, as
well as the Baynespruit Stream.

Figure 2: E.coli concentration map of the Duzi Canoe Race route, 2017.
Source: DUCT (2017, https://www.duct.org.za/duzi-paddlers-information.html)
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Figure 3: E.coli concentration map of the Duzi Canoe Race route, 2010.
Source: DUCT (2017, https://www.duct.org.za/duzi-paddlers-information.html).

The E.coli concentration map for 2016, Figure 4, suggests a ‘very poor quality/high risk’ category for
the Baynespruit Stream. The 2016 map shows much of the uMsunduzi River and its tributaries to be
in a ‘very poor quality/high risk’ or ‘poor quality/quite high risk’ category from below Henley Dam
through to Campbells Portage/Doornhook which is downstream of the City of Pietermaritzburg, clearly
illustrating the impact of the city on the water quality of the river, in terms of pathogen load.
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Figure 4: E.coli concentration map of the Duzi Canoe Race route, 2010.
Source: DUCT (2017, https://www.duct.org.za/duzi-paddlers-information.html).

Poor water quality in the Pietermaritzburg area is not a new phenomenon. A history of health in
Pietermaritzburg over 170 years (1838 to 2008) includes a detailed account of the development of
water supply and sanitation systems and water-borne disease in Pietermaritzburg. While far too
comprehensive a resource to review here, the book clearly illustrates the links between urbanisation,
water quality, human health and the development of sanitation systems. The history explains how
complaints regarding water quality began in the 1860s and 70s, with the water supply described as
“pea soup” (Dyer, 2012:96). The book reports that: “the condition of the Msunduzi River was noted to
have deteriorated with the increasing population and had become so poor that at the end of the 1800s
Mayor A.W. Kershaw stated that ‘the pollution of the river from the City was so great as to render
living within a few hundred yards of the lower banks almost unbearable’”. (Dyer, 2012:99). Cases of
dysentery, hepatitis, scabies and cholera were increasingly reported.
Dyer (2012) describes the laying of underground drains in the 1900s and an improvement in the state
of the Msunduzi River: “By 1908 the condition of the river had improved sufficiently for swimming
sports and a boating club, and it was considered clean and sanitary. Interestingly, one of the reasons
the river quality had improved was due to public action taken against the Council in Clarence v.
Corporation in the Supreme Court. This resulted in an order to the Council to cease polluting the river
at the point of discharge of the southern interceptor sewer, which was finalised in the following year.
The sewage disposal works were completed in 1910” (Dyer, 2012:99).
Intermediate conclusion
From the review of the water quality status of the uMngeni Catchment summarized in this section,
several trends and key points are clear. In general, water quality deteriorates from upstream to
downstream; however the quality of water varies across the catchment, pockets of poor water quality
are apparent throughout the catchment. For example, from the Umgeni Water monitoring and
estimation of Water Quality Indices, it can be seen that the Greater uMngeni River system has an
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average water quality index of ‘satisfactory’. This score however excludes a number of river reaches
which consistently show water quality indices of poor and unsatisfactory. Examples of these reaches
are the upper and mid reaches of the uMsunduzi River and the reaches of the uMngeni River
immediately below the Albert Falls and Nagle Dams (Jewitt et al., 2015). While the water quality
below Albert Falls Dam is consistently poor-unsatisfactory, by the time it reaches the Nagle Dam it is
good-excellent, illustrating that there are stretches of river within the broader system where water
quality is improving for no other reason than the river’s natural capacity to assimilate impurities (Jewitt
et al., 2015). This highlights the fact that water courses within the uMngeni Catchment already ‘deal
with’ human wastes and raises questions of the extent to which this occurs, the associated benefit
(avoided cost) of this service and its sustainability. ‘Hotspots’ of poor water quality identified in the
Upper uMngeni Catchment Management Plan include the Mthinzima Stream and the Baynespruit
tributary to the uMsunduzi River (GroundTruth, 2012).
Cases of poor water quality are generally associated with areas of greater development. In the
Palmiet, urbanisation and infrastructure development were clearly linked to degradation of the natural
environment (Naidoo, 2016) and Namugize et al. (2015a) showed an increase of urban/built-up and
cultivated areas to be significantly associated with high concentrations of nutrients and E.coli in the
upper uMngeni. However, Namugize et al. (2015a) also emphasised that the relationships between
land use and land cover change and water quality parameters are complex and site specific.
Trend analyses of the quality of water entering Midmar Dam indicate deteriorating quality over time
(GroundTruth, 2012; Ngubane et al., 2015). Namugize et al. (2015a) concluded that water quality has
deteriorated over time and an increase in nutrients to water bodies was noted although concentrations
fluctuated with time.
Overall, the water quality of the uMngeni River has been good for many years, but is showing signs of
deterioration – several ‘hot spots’ of poor water quality are identified in the Resource Quality
Objectives report (DWA, 2013) - which is of great concern (Kienzel et al. 1997; Roos et al. 2008;
Ngubane 2016). Water quality concerns include high nutrient loads from agricultural activities, sewage
effluent from commercial, industrial and residential areas and poor sanitation systems especially in
informal settlements, and inorganic and organic pollutants from industrial discharges (DWA, 2013).
Key water quality issues throughout the system appear to be nutrient loads and high faecal coliform
contamination. High nutrient loads put water storage facilities at risk of eutrophication, while faecal
coliform contamination has implications for human health. Constant inputs of untreated sewage have
been identified as key drivers of poor water quality throughout the system.
The apparent relationship between urban development and poor water quality and the cases where
water quality has improved for no other reason than the river’s natural capacity to assimilate
impurities suggests two actions/interventions are needed in terms of water quality in the uMngeni
Catchment: (1) to protect the water resources (ecological infrastructure) of un- or relatively less
developed areas and (2) develop solutions for mitigating the impacts of urban development on water
resources.
In terms of the pilot sites of this research project, the key points regarding the water quality status are
summarized in Table 5.
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Table 5: Key water quality issues identified for the case study sites: Mthinzima Stream, Baynespruit Stream and
Palmiet River

uMngeni
(IUA U2-1)
Mthinzima
Stream

UMsunduzi
(IUA U2-4)
Baynespruit
Stream

uMngeni
(IUA U2-6)

Water quality

Water uses

Key water quality issues

PES: B/C

Midmar Dam – abstraction for
domestic use, recreation

Risk of eutrophication of
Midmar Dam

Livestock watering

Nutrients, faecal coliforms,
greatest contribution of
nutrients to Midmar Dam of all
land uses considered

Inanda Dam - abstraction for
domestic use, recreation

Impacts on water quality of
uMngeni

Small-scale irrigation (mostly
avoided due to health risk),
washing clothes and children
swimming

Impacts on water quality of
uMsunduzi, threat to Sobantu
community (health) and river
recreation (paddling)

Estuary – supports recreation
& tourism

Nutrients, toxics, salts, faecal
coliforms

Poor downstream
of Mpophomeni

PES: D/E
High pathogen
contamination
(high E.coli levels)

PES: C/D

2.3 Water quality objectives for the uMngeni Catchment
At a global, national and regional level, improving water quality is recognized as a fundamental social
goal. At a global level, an improvement in water quality is recognized as a global goal reflected in a
Sustainable Development Goal (SDG) dedicated to clean water and sanitation (SDG 6) as set out in
the 2030 Agenda for Sustainable Development. Within SDG 6, Target 6.3 specifies an improvement
in water quality by 2030 and Target 6.6 reflects the intention to protect and restore water-related
ecosystems, including mountains, forests, wetlands, rivers, aquifers and lakes by 2020 (UN-Water,
2015). Protecting and restoring water-related ecosystems such as forests, mountains, wetlands and
rivers is considered essential in the process of mitigating water scarcity (UNDP, 2017). In addition,
water related issues are reflected in many of the other goals and targets for example Target 11.5 to
“significantly reduce the number of deaths and the number of people affected and substantially
decrease the economic losses relative to gross domestic product caused by disasters, including
water-related disasters, with a focus on protecting the poor and people in vulnerable situations” (UNWater, 2015).
A milestone of the South African National Development Plan 2030 is to ensure that all South Africans
have access to clean, running water in their homes. South Africa is a water-stressed country (CSIR
2010). An increase in population is driving an increase in water consumption by people, farms and
industries. As a result, the country is rapidly approaching the limits of its water supply. Water pollution
is increasingly posing a major threat to the country’s freshwater resource (DEAT 2000).
The National Department of Water and Sanitation (DWS) is the overall custodian of South Africa’s
water resources, part of its mandate is to determine a Management Class, the Reserve and Resource
Quality Objectives (RQOs) for all Water Management Areas (WMA). This is achieved through the
Water Resource Classification System (WRCS). The WRCS is a set of guidelines and procedures for
determining the desired characteristics of a water resource, and is represented by a Management
Class. The Management Class outlines those attributes that the DWS and society require of different
water resources and aims to help facilitate a balance between protection and use of the nation’s water
resources. The RQOs provide management goals which are legally binding on all authorities and
institutions (DWA, 2013).
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The recent WRCS assessment of the Mvoti to Umzimkulu WMA, which includes the uMngeni system,
emphasises that: “There is an urgency to ensure that water resources in the Mvoti to Umzimkulu
Water Management Area (WMA) are able to sustain their level of uses and be maintained at their
desired states” (DWS, 2015a:1-1).
The proposed management classes for the various uMngeni Integrated Units of Assessment (IUAs)
are summarized in Table 6. IUAs are classified in terms of their extent of permissible utilisation and
protection as either:
Class I: indicating high environmental protection and minimal utilisation;
Class II: indicating moderate protection and moderate utilisation; or
Class III: indicating sustainable minimal protection and high utilisation.
The report notes that there are various river nodes which require improvements based on non-flow
related/anthropogenic issues that have to be addressed. The river nodes in the uMngeni requiring
improvements are shown in Table 7. For example, a Management Class II (moderately used) has
been proposed for the Midmar Dam catchment, which corresponds with the IUA U2-1, with some
Resource Units requiring an improvement in condition. The uMsunduzi reach Mg_R_EWR4 is noted
for requiring an improvement in water quality.
Table 6: Proposed Water Resource Management Classes for U2, uMngeni Catchment

IUA
U2-1 uMngeni: upstream of Midmar Dam
U2-2 uMngeni: Midmar dam to Albert Falls
dam
U2-3 uMngeni: downstream of Albert Falls
Dam to uMnsunduze confluence
U2-4 uMsunduzi
U2-5 uMngeni: downstream of the
uMnsunduze confluence to Inanda
Dam
U2-6 uMngeni: downstream of Inanda Dam to
estuary

Management Class
II
III
III
II
III

III

Source: DWS (2015a).
Note: IUA – Integrated Unit of Assessment

For both the uMngeni upstream of Midmar Dam, the catchment in which the Mthinzima Stream is
located, and the uMsunduzi, to which the Baynespruit Stream is a tributary, are the proposed
management class is II – indicating moderate protection, that is to maintain the condition of the
resource is a state that is moderately altered from its pre-development condition, as opposed to
significantly altered (Class III). In the case of the uMsunduzi, an improvement in water quality is
required to support the proposed management class (Table 7). The Water Resource Class for the
uMngeni River system is set to maintain the status quo and Recommended Ecological Category
(REC) in some areas by addressing non-flow related issues.

Table 7: River Nodes requiring improvements in U2, uMngeni Catchment
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IUA

Node

River

PES

REC

REC Comment

TEC

Source: DWS (2015b).

The uMngeni River catchment plays a significant socio-economic role in the growing metropolitan
areas in the region (DWAF 2013). The catchment has four large dams, namely, Midmar, Albert Falls,
Nagle and Inanda Dams that supply water to Durban and Pietermaritzburg cities and the surrounding
areas. A Green Economy report on the uMngeni Catchment (Jewitt et al. 2015) provides a convincing
argument to show that the demand on the uMngeni River catchment to support the population and
related economic activities is far greater than its capacity to do so. Proportionally the Greater uMngeni
River catchment supplies approximately 42.5% of the population of the KZN province with water from
a catchment that is less than 5% of the surface area of the province.
Intermediate conclusion
An improvement in water quality and the protection of water resources within the Greater uMngeni
Catchment is a social goal at a global, national and local scale.

2.4 Costs of poor water quality
When we refer to poor water quality or deteriorating water quality, we can be talking about several
things. Whether the quality of water is poor or not depends on the intended use of the water. Poor
water quality is water of a quality unfit for its intended use. The quality of the water is related to its
physical and chemical nature (physico-chemical), various uses and ecosystems have differing
physico-chemical requirements. Pollution of a resource takes place when an excess of an unwanted
or harmful substance is assimilated by it.
Water quality issues are generally linked to a particular constituent or combination of constituents.
Some water quality problems are associated not only with the presence of a constituent, but with the
interactions between constituents. Different water quality issues (e.g. nutrient loading, microbial
contamination) result in different consequences.
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Consequences of water quality deterioration
One of the first steps to understanding the costs of poor water quality is to identify specific water
quality issues – related to the intended purpose of the water - and the resulting consequences. In
many South African water systems, the quality of the water is not fit for all the desired uses. Water
quality issues of particular concern across South Africa relate to the following issues:
• Salinity
• Microbial contamination
• Endocrine-disrupting compounds
• Radionuclide and heavy metal contamination
• Eutrophication
• Microcystins (Van der Merwe-Botha, 2009).
Salinity refers to the amount of salt dissolved in a water body. The impacts of salinity include
additional water treatment costs, impaired agricultural production and the replacement of corroded
civil and agricultural infrastructure.
Microbial contamination refers to the non-intended introduction of microbes such as bacteria (e.g.
E. coli), yeast, mould, fungi, virus, prions, protozoa or their toxins and by-products. Microbial
contamination is most commonly associated with human and animal health impacts.
Endocrine-disrupting compounds are chemicals or substances that can interfere with the
functioning of endocrine (hormone) systems at certain doses. These disruptions have been
associated with human health issues such as cancerous tumors, birth defects, and other
developmental disorders.
Radionuclide exposure and heavy metal contamination is associated with human health impacts,
and depends on the length, amount and nature of the exposure. In general, the effects of exposure to
elevated levels of radioactivity in water are an increase in the risk of cancer (DWAF, 1996).
Eutrophication refers to the enrichment of the water environment with plant nutrients and is
associated with excessive growth of phytoplankton (free floating algae) and rooted macrophytes
(Graham et al., 2012). This can lead to the emission of odours from eutrophic waters due to the
organic matter and algae that proliferate. Some algal species produce substances toxic to humans,
animals and aquatic life. Nutrient enriched water can enhance conditions that favour the growth of
waterweeds such as water hyacinth and water lettuce and some bacteria that favour eutrophic waters
may cause diseases in humans (Sikhakhane, 2001). In considering the consequences of
eutrophication it is also important to acknowledge several potential benefits of eutrophication,
including (i) increased productivity of some fisheries, (ii) positive fertilization effects on farmland
through the use of nutrient-enriched irrigation water, and (iii) improved sources of food for some wild
birds (Pretty et al., 2003).
Microcystins are a class of toxins produced by certain freshwater cyanobacteria (blue-green algae).
When cyanobacteria die, microcystins (toxins) are released into the water. Phosphorous and nitrogen
levels, temperatures and pH are primary factors in providing suitable conditions for cyanobacterial
blooms.
Eutrophication has been associated with several issues, including (drawing from Dennison and Lyne,
1997 citing Bruwer, 1979; Palmer 1980; Haynes and Viljoen, 1985):
Consequences for water treatment: greater quantities of treatment chemicals are generally
required and activated carbon may also be necessary to eliminate taste and odour problems
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caused by blue-green algae. Filters become clogged with algae and treated water and energy
(electricity) is wasted on frequent backwashing.
The production of anaerobic hypolimnia in lakes: This occurs in warm, deep lakes, when large
numbers of algae die at the same time, consuming oxygen in the water as they decompose. This
has adverse effects on lake biota - especially oxygen dependent organisms - and lake chemistry.
Aesthetic problems: these include both the problem of large unsightly algal blooms, and the
‘rotten-egg smell’ (hydrogen sulfide) which is characteristic of deoxygenated water.
Interference with the recreational use of water bodies: Algal blooms interfere with the
recreational use of water bodies and degrade the beauty of the area. Bluegreen algae may
cause skin irritations and gastro-enteritis in swimmers.
Loss of livestock and fish deaths: certain algae produce toxins which affect animal and fish
health, deoxygenated water can also result in the death of fish and other aquatic life. Fatal
cyanobacterial poisoning of animals in South Africa has been shown to be widespread
(Oberholster and Ashton, 2008).
Adverse effects on adjacent real estate development: Property developments next to water
bodies may suffer rapid depreciation if the water quality deteriorates; for example the Marina da
Gama, in Muizenburg, where unsightly blooms and bad odours became problematic (Bruwer,
1979).
Prolific growth of water weeds such as water hyacinth and water lettuce: water enriched with plant
nutrients can enhance the conditions that favour the growth of waterweeds, which can disrupt water
abstraction facilities, destroy fishing grounds, disable water sports areas, block up irrigation
channels and watercourses causing siltation and flooding, and obstruct hydro-electric turbine
intakes (eThekwini Municipality, undated).
The potential negative impacts of eutrophication are illustrated in Figure 5 (DWAF, 2002:2-7).
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Figure 5: Summary of potential general negative impacts of a high trophic status.
Source: DWAF (2002:2-7).

Guidelines developed by the Department of Water Affairs and Forestry (now the Department of Water
and Sanitation) outline several consequences of poor water quality related to six categories of water
use, summarised in Table 8. These consequences provide a base for identifying the potential costs of
deteriorating water quality.
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Table 8: Consequences of poor water quality for six categories of water use

Domestic use

Water use

Consequences of poor water quality
Health impacts (short term and long term)
Aesthetic impacts
• changes in water taste, odour or colour
• staining of laundry or household fittings and fixtures
Economic impacts
•
•
•

increased cost of treatment
increased cost of distribution due to scaling, corrosion or deposition of
sediments in the distributing system
scaling or corrosion of household pipes, fittings and appliances

Health impacts (short term and long term)

Recreation

• waterborne diseases (gastroenteric diseases)
• skin and ear infections
• carcinogenic risk
Human safety
• poor visibility
• profuse plant growth
• benthic microbial and/or algal growth
Aesthetic impacts
• changes in water taste, odour or colour
• discolouration and staining
• objectionable floating matter
• nuisance plants
Economic impacts
•
•
•

damage to equipment
increased cost of treatment
increased costs due to scaling, corrosion or deposition of sediments in the
distributing system

Equipment damage

Industrial

• corrosion, scaling, blockages
Process problems
• odour, gas production, interference, foaming, precipitates
Product problems
• sediment, colour, taste/odour, contamination
Waste disposal

Irrigation

• metals, turbidity, solids,
Industrial uses include cooling, steam production, washing, process, production
Reduced crop yield (as a result of increased salinity or the presence of constituents
that are toxic to plants)
Impaired crop quality (this may result in inferior products or pose a health risk to
consumers)
Impairment of soil suitability (as a result of the degradation of soil properties)
Accumulation of undesirable constituents or toxic constituents
Damage to irrigation equipment (corrosion or encrustation)
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Water use

Consequences of poor water quality

Aquatic ecosystems

Livestock watering

Livestock consumption
• Toxicological effects
• Palatability effects
Livestock distribution systems
•

Economic impacts of the effects of scaling, corrosion or deposition of
sediments in the distributing system
Livestock product quality
•
•

Consumer health hazards
Product quality problems

As a consequence of the complex and interlinked nature of aquatic ecosystems, the
effects of changes in water quality on specific components of ecosystems are often
indirect.
The complexity of determining the effects of changes in water quality on aquatic
ecosystems is compounded by the fact that many of the cause-effect relationships
are poorly understood or completely unknown.
It is therefore often difficult to separate the effects of changes in water quality from
other effects such as changes in flow regime or climatic changes.

Source: DWAF (1996). South African Water Quality Guidelines.

In the specific context of wastewater, UNEP (2015) outline several potential negative impacts of
wastewater on human health, the environment and productive activities, Table 9.
Table 9: Potential negative impacts of wastewater on human health, the environment and productive activities

Impacts on

Example of impacts

Health

• Increased burden of disease due to reduced drinking water quality
• Increased burden of disease due to reduced bathing water quality
• Increased burden of disease due to unsafe food (contaminated fish,
vegetables and other farm produce)
• Increased financial burden on health care

Environment

•
•
•
•
•

Decreased biodiversity
Degraded ecosystems (e.g. eutrophication and dead zones)
Bad odours
Diminished recreational opportunities
Increased GHG emissions

•
•
•
•

Reduced industrial productivity
Reduced agricultural productivity
Reduced market value of harvested crops (unsafe wastewater irrigation)
Reduced number of tourists, or reduced willingness to pay for recreational
services

Productive activities

Source: Adapted from UNEP (2015:15).

Eutrophication, salinization, sedimentation and microbial contamination are all symptoms of polluted
water resources which render raw water unfit for downstream use. Continued use of polluted water
can result in serious consequences with attendant costs across a range of categories. Deterioration in
the quality of water also has consequences for water quantity (availability). Water quantity and water
quality are inextricably linked: poor quality water will reduce the quantity of water available for use,
while having less water will increase the effect of contaminants on the water (reduce the quality of
water). Water quality is a vital dimension of water security. If water is of poor quality it may not be
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readily or realistically available for use, as treatment may be time consuming or prohibitively
expensive.
To support the analysis of the costs of poor water quality, a framework of cost categories for
assessing the cost of water quality deterioration, proposed by Pretty et al. (2003), is presented in the
next section.

A cost-category framework for assessing the costs of water quality deterioration
As illustrated in section 2.4.1 there are multiple consequences and impacts associated with declining
water quality. These consequences can result in a range of costs, including both social and ecological
damage costs and policy response costs (Pretty et al., 2003). Damage costs relate to the costs that
arise from using water of a reduced quality (not fit for its purpose), while response costs relate to the
costs that arise from responding to and addressing poor water quality. Another way of viewing the
costs associated with poor water quality is in terms of the costs of no action (damage costs) and the
costs of action (prevention, policy and compliance costs). A framework of cost categories provides a
useful overview of the costs associated with poor water quality, Figure 6.
Damage (impact) costs

Response costs

Costs arising from the reduced quality of water

Costs of addressing and responding to poor water
quality

Social damage costs
Loss in the value of the
benefits of using water

Ecological damage
costs
The damage caused to
biota and ecosystem
structure by polluted
water

Reduced property value
Reduced value of water
bodies for commercial
uses (abstraction,
navigation, livestock,
irrigation, industry, power
generation)
Drinking water treatment
costs
Clean-up costs of
waterways (dredging,
weed-removal)
Reduced recreational,
spiritual & amenity value
Net economic losses for
formal tourist industry
Net economic losses for
commercial aquaculture
Health costs to humans,
livestock & pets
Reduced life of water
storage reservoirs

Damage caused to biota
and ecosystem structure,
resulting in both
changed species
composition (biological
diversity) and loss of key
or sensitive species

Generally associated with
a market price

Generally not reflected in
a market price

Compliance control
costs
Costs associated with
preventing or reducing
water quality declines

Waste water treatment
costs
Costs of in-water
preventative measures
(filters, floating wetlands
etc.)
Costs of adopting new
practices that reduce
water pollution

Agency costs
Direct costs of
monitoring, investigating
and enforcing solutions to
reduced water quality

Water monitoring costs
Cost of developing and
implementing
Water pollution control
policies and strategies

Figure 6: A cost-category framework for assessing the costs of water quality deterioration.
Source: Adapted from Pretty et al. (2002; 2003).
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Costs of water quality deterioration in the uMngeni Catchment
The use of polluted water can result in serious consequences with attendant costs across a range of
categories. These can be viewed as the costs of not taking action to prevent water pollution and can
be broadly classified as adverse human-health and well-being effects, environmental effects and
potential effects on economic activities including agriculture, aquaculture, energy production, tourism
and real estate. Higher quantities of treatment chemicals, drawn-out treatment processes and
increasingly sophisticated treatment technologies are required to restore polluted water to a suitable
quality, leading to rising water treatment costs.
On the other hand, there are costs associated with taking action to prevent water pollution and the
deterioration of water quality. These include implementing effective wastewater management
strategies and include costs of investing in, as well as the operating and maintenance costs, of
wastewater treatment. Further are the policy development, monitoring and compliance costs
associated with ensuring water quality standards.
This section provides an overview of studies of the consequences and costs associated with declining
water quality within the uMngeni Catchment.
Water treatment costs are expenses incurred by water treatment plants in complying with compulsory
national standards, (the SANS 241:2015 in South Africa for example) for the production of quality
potable water. During the production of potable water, numerous chemicals are added to make water
safe for human consumption. The amount and type of chemicals added depends on the
characteristics and quality of the raw water to be treated. The cost of chemical dosage can contribute
significantly to the costs of treating water. Further costs may be incurred through energy (electricity)
use associated with additional processing for example back-washing.
Water treatment costs refer to financial costs incurred in ensuring that water is potable. The overall
cost of treating water is influenced by raw water quality, among other factors. In general, the costs of
treatment increase as the quality of raw water deteriorates, (Pretty et al., 2002). However, the water
quality – treatment cost relationship is not straightforward and, contrary to expectation, clean or good
quality water can be more costly to treat relative to raw water containing higher levels of certain
constituents.
In the uMngeni Catchment, bulk potable water is provided by Umgeni Water, who identify their main
drivers of direct operating costs as treatment chemicals, energy, maintenance, raw water and staff
costs. The 2015/16 Umgeni Water Annual Report (July 2015 to 30 June 2016) indicates that 5% (R52
million) of total costs was spent on chemicals for the purification of drinking water during this period
(Umgeni Water, 2016). Chemical usage generally depends on the quality of raw water received from
the storage reservoirs (dams) (Umgeni Water, 2007). Table 10 provides a comparison of the main
cost drivers for the 2015-16 period to the same cost categories for the 2005-06 period.
In terms of ranking of the costs between the two periods, energy costs were the main driving cost in
2016 compared to staff costs in 2006. Chemical costs made the lowest contribution to operating costs
in both periods at 5% of costs in 2016 and 2.9% of costs in 2006. Table 11 illustrates the relative
ranking of costs for the two periods considered.
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Table 10: Umgeni Water main cost drivers, 2015-16 (Umgeni Water, 2016) compared against the costs for the
2005-06 (Umgeni Water, 2007)

2016
R’m
Energy
Staff costs
Raw water
Maintenance
Chemical

2006
% Total

199
183
165
155
52

Total costs
Bulk water cost (R/kl)
Bulk water tariff (R/kl)

R’m

19.1
17.6
15.9
14.9
5

% Total
23
207
71
n/a
21

1 041

3.2
28.5
9.8
n/a
2.9

726

3.25
4.89

2.5
2.7

Table 11: Relative ranking of main cost drivers, Umgeni Water, 2016 and 2006

2016
Energy
Staff costs
Raw water
Maintenance
Chemical

2006
Staff costs
Raw water
Energy
Chemical

In the uMngeni Catchment, the quality of raw water has been shown to impact the cost of treating
water to a potable standard. A study of factors affecting treatment costs at the major water treatment
works (WW) within the Umgeni Water operational area revealed that dam water-quality had a
significant impact on the cost of treating water from each of the major water works examined
(Dennison, 1996; Dennison and Lyne, 1997; Graham et al., 1998; Graham, 2000). Models were
developed relating raw water quality entering respective water works with costs incurred in treating
that water. In these studies, treatment costs refer only to expenditure on chemicals. Records of
electricity used or backwash times for the relevant treatment periods were not included; "dirtier" water
would require more frequent backwashing which would incur increased costs (Graham, 1998). From
the Umgeni Water cost information discussed above, it is clear that energy costs contribute
significantly to overall operating costs for the bulk supplier, the relative contribution of energy costs
was much greater in 2016 compared to 2006. Discussions with the Management & Commercial
Accounting department of Umgeni Water confirmed energy costs as a key driver of operating costs
(Umgeni Water, 2015 pers. comm.).
Results from the water treatment cost studies are summarized in Table 12. Costs associated with the
Hazelmere water treatment works are included; Hazelmere Dam is not located within the uMngeni
catchment. Figure 7 illustrates the storage reservoirs and water treatment works within the uMngeni
catchment managed by Umgeni Water. Treatment problems and costs differed between the water
treatment works, as did the water quality (constituents of the raw water), environmental conditions
(e.g. coastal vs. upper catchment) and the anthropogenic context (e.g. sources of contaminants). The
cost of treating water was highest at the Hazelmere WTW followed by the Durban Heights, DV Harris
and Wiggins WTW. The cost of treating water in the Hazelmere system was found to be almost
double the others. Graham et al. (1998) found Hazelmere Dam to be distinctly different from the other
dams studied, primarily in terms of low water clarity. In addition, issues of manganese (necessitating
the use of a powerful oxidant such as chlorine dioxide) were associated with the Hazelmere system.
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Several findings were noted. Environmental contaminants had a marked impact on treatment costs.
Within the range of the data analysed, water treatment costs were principally driven by abiotic waterquality variables (e.g. turbidity), except during periods of intense taste and odour formation which was
principally related to the blue-green algae Anabaena. Manganese was also shown to cause treatment
problems and increase costs. The Nagle/Durban Heights water treatment works (WTW) system was
most affected by taste and odour problems. Raw water is abstracted from the coastal impoundments
of Nagle and Inanda Dams for treatment at the Durban Heights plant; raw water stored in coastal
impoundments can become highly eutrophic relative to the 'clean' water for example that entering
Midmar Dam in the upper catchment. However, at the Hazelmere WTW, algae had a relatively minor
impact on treatment costs. Graham et al. (1998) attribute this to the high turbidity conditions in
Hazelmere Dam which allow for only limited algal growth. At the DV Harris plant, supplied from
Midmar Dam, costs were principally driven by the need to disinfect and stabilise (lime) the water.

Figure 7: Schematic of the Umgeni Water water storage dams and water treatment works in the uMngeni
System.
Source: Reproduced from Umgeni Water (2014:135).

Many of the environmental variables investigated were highly correlated with each other. In addition,
the results of the cost models indicated that there were factors other than the variables included in the
models which had an effect, often significant, on water treatment costs. Several of the water quality
parameter-treatment cost relationships found were unexpected, the causes of which were not
immediately apparent, and further investigation was recommended. It is probable that interaction
effects, which were not considered in the studies, explain some of the variation and further research
was recommended. For example, blue-green algae (Anabaena and Microcystis) which are associated
with taste and odour issues and therefor higher treatment costs, were found to be affected by the ratio
of total nitrogen (TN) to total phosphorous (TP), indicating that in certain instances it is not just
absolute levels of water constituents that affect water treatment (and treatment costs), but importantly
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that the interaction between constituents plays a role. A recommendation was made to maintain the
TN:TP above 20 to avoid incidences of these problematic algae.
These findings show that the relationship between water quality and treatment costs varies across
treatment works. Water quality - treatment cost relationships are not straightforward, they are affected
by other factors and local circumstances, treatment costs do not respond in a linear fashion to levels
of water constituents, interactions between constituents play a role in addition to absolute levels of
constituents. Environmental conditions such as temperature and inflows influence in-lake conditions
and process and therefor water treatment needs and costs.
The focus of raw water - treatment studies (Dennison, 1996; Dennison and Lyne, 1997; Graham et
al., 1998; Graham, 2000) was on the relationship between in-lake water quality and water treatment
costs. To make the connection between catchment management activities (such as specific
investments in ecological infrastructure) and water treatment costs, an understanding of the
relationship between the catchment (and catchment conditions) and in-lake processes is needed.
When such relationships are better understood there is a greater possibility of determining the "costs"
(from a water treatment point-of-view) of catchment management and a more solid basis for
undertaking valid 'cost/benefit' analyses in terms of alternative catchment management strategies
(Graham et al., 1998).
Table 12: Chemical water treatment costs and cost drivers, Umgeni Water operational area

Treatment works

Water treatment cost drivers

Hazelmere

Abiotic water quality factors have a particularly significant impact on
treatment costs. Treatment costs increase when turbidity, total
aluminium, manganese, suspended solids, potassium, sulphates, and
total organic carbon concentrations in Lake Hazelmere water
increase. Likewise, costs rise with lower water pH and alkalinity
levels.

Treatment cost:
R41/ML
Variation explained
by model: 79%

Algae have a relatively minor impact on treatment costs at the
Hazelmere WW
Water treatment issues associated with manganese also increase
treatment costs.
Durban Heights
Treatment cost:
R28/ML
Variation explained
by model: 65%
Raw water: Nagle
& Inanda Dams

Treatment costs increased when levels of turbidity, suspended solids,
total organic carbon, conductivity, total water hardness, potassium,
nitrates and coliform bacteria rise in the raw water. Treatment costs
rise with a fall in raw water pH and alkalinity.
High numbers of the algae Anabaena and Microcystis in Lake Nagle
has a major impact on treatment costs at the Durban Heights WW,
particularly when they are producing taste and odour compounds.
The results show that iron, manganese, total phosphorus, and E. coli
do not add significantly to treatment costs.
However, phosphorus has the potential to have a marked effect on
algal abundances (particularly the blue-green algae which traditionally
cause taste and odour problems).
The Nagle/Durban Heights WW system is most affected by taste and
odour problems.

DV Harris
Treatment cost:

Treatment costs increase when levels of alkalinity, total hardness,
manganese and conductivity and numbers of Chlorella in Lake
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R25/ML

Midmar fall.

Variation explained
by model: 61%

Costs rise with higher concentrations of potassium and numbers of
coliforms and Escherichia coli (E.coli).

Raw water: Midmar
Dam

Raw water in this system is traditionally clean with costs principally
driven by the need to disinfect and stabilise (lime) the water.

Wiggins
Treatment cost:
R22/ML

Paradoxically, clean water - typical of Midmar Dam - is expensive to
treat.
Treatment costs increase with an increase in water turbidity, total
aluminium, iron, suspended solids, nitrates, total organic carbon, total
dissolved solids, silicon, coliform numbers, conductivity, total water
hardness, potassium, nitrates, Microcystis and Anabaena.

Variation explained
by model: 79%
Raw water: Inanda
Dams
Source: Dennison (1996), Dennison and Lyne (1997), Graham et al., (1998), Graham (2000)
Note: Chemical cost data were determined at December 1996 prices.

A more recent study examined the key water quality parameters influencing potable water treatment
costs at the Durban Heights and Wiggins water treatment plants in the uMngeni Catchment based on
data from 2006 to 2012 (Rangeti, 2014). Algae and turbidity were reported to be significant drivers of
chemical dosage at the water treatment works examined. The study recommends implementing
measures to control physical parameter pollution sources, specifically sewage discharges and rainfall
run-off from agricultural lands along the uMngeni Catchment to assist in reducing the chemical
dosage and ultimately cost.
Applying the cost model developed by Graham et al. (1998), Sikhakhane (2001) estimated the
chemical treatment costs attributable to nutrient loading from Darvill Waste Water Works (WWW) to
be in the region of a R2 million (2001 prices) for the removal of algae, and taste and odour
compounds. Of the annual chemical costs at Wiggins WWW, 44% of the costs were attributed to the
removal of algal genera (coagulant), while the cost of disinfecting the water constituted 38%.
Sikhakhane (2001) attributed 67% of total nutrient loading at Inanda Dam to high nutrient loads from
the Darvill WWW, based on a two-year study to quantify the impact of nutrient loading in the
Msunduze River and Inanda Dam (Simpson and Pillay, 2000). Sikhakhane (2001) noted that further
investigations would need to isolate the impacts of Darvill WWW from other sources.
As part of the broader research project (K5/2354), the water quality status of the lower-uMngeni case
study catchments is being investigated. This has included the collection of data from Umgeni Water
on the quality of water entering the Wiggins WTW and Durban Heights WTW. This data included a
wide range of determinants including algal count, alkalinity, conductivity, E.coli, iron, manganese, pH
and turbidity. The data extends over a three-year period from mid-2012 to mid-2015. Data on the
concentration of chemicals used to treat water at each of the two treatment works was also collated.
Initial analysis of the data demonstrated that whilst there are some correlations between chemical
concentrations used and influent water quality, these are insufficient to predict the effects of water
quality on the costs of chemical use. The existing dataset does not allow a clear analysis of the cost
of poor water quality on full-scale water treatment, in part because the relationship between water
quality and chemical usage is not straight-forward. Additionally, the operation of water treatment
works is rarely precise. This means that the relationship between water quality and chemical usage is
further complicated by the behaviour of the operators running the plant. However, the dataset does
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give good indications of the quality of the water in the lower uMngeni catchment and this will be
analysed further for inclusion in Deliverable 10.
Deteriorating water quality does not only affect the cost of producing potable water. Human health
impacts can arise for those people coming into direct contact with water of poor quality, as well as
through food irrigated with contaminated water. Water-related diseases can lead to fatality, but also
place unnecessary burden on communities and individuals that could otherwise make a positive
contribution to the social and economic structure of the country (Oliver, 2006, Box 1).
Box 1: The costs and consequences of water-related illness to people in poorer communities
“Costs of water-related illness to people in poorer communities, who are not aware of their ailment
and not informed of their options for treatment, are extensive. Their lives are impeded by sickness,
lost educational time due to absence from school, lost employment opportunities and, for many, death
and the associated loss and trauma for the families left behind (Gleick, 2002). The impact and costs
of increasing water-related diseases on health services and facilities is also a considered a factor in
the burden of disease. Valuable resources and staff are absorbed through treatment of patients with
avoidable illnesses, and those with more serious diseases are further weakened by secondary
inconspicuous infections such as Schistosomiasis (bilharzia). These costs and impacts can be
avoided through improved sanitation conditions and education, as well as improved treatment
campaigns. An example of how treatment of water-related illnesses is effective is provided by Vorster
et. al. (1997) in showing how treatment of many Helminth infestations, such as Schistosomiasis
among school children, has been proven to improve concentration and school attendance levels,
appetite, physical health and fitness (Vorster et. al., 1997). The impact of disease on communities is
hardest felt in the children, whose generation will suffer in the future as a result of poor nutrition by
parasite absorbing nutrients, retarded physical growth and poor school performance and attendance
(SEI and UNDP, 2005).”
[Oliver, 2006:35]
In the uMngeni Catchment, the effect of water pollution on the health of communities using the
uMsunduzi River as a source of potable water, recreation or other uses was quantified using a cost of
illness approach (Sikhakhane, 2001). Health related costs of just over a million rand (at 2001 prices)
were reported for communities along the stretch of river below the Darvill Waste Water Works (on the
uMsunduzi River) to Inanda Dam (on the uMngeni River). Estimates reflect the direct costs of medical
resources used in the treatment of water borne diseases, and the indirect costs for households with
lost short-term economic opportunities caused by illness. The study did not establish the direct
relationship between water quality and illness, but attributed all diarrhoea incidents treated at the
identified clinics to the use of contaminated river water.
The links between river water quality and the microbiological quality of fresh produce irrigated with
river water was investigated through a study of the Baynespruit Stream water (a tributary of the
uMsunduzi) and produce irrigated with the river water, in Sobantu, a sub-urban area in
Pietermaritzburg consisting of low cost housing (Gemmell and Schmidt, 2012). The Baynespruit
Stream was shown to be heavily contaminated with fecal coliforms and E. coli and did not meet the
WHO guideline criteria for safe irrigation. Target microorganisms, commonly used as indicators of the
hygiene status of foods, were detected on the produce irrigated with the river water. Levels frequently
exceeded limits for safe consumption. These organisms could have been transferred to the produce
from contaminated irrigation water (Gemmell and Schmidt, 2012). Contaminated irrigation water
poses a health risk to consumers of the produce, leading to health impacts – illness from consuming
contaminated produce and/or dietary implications from reduced access to fresh foods - or a loss in
livelihood and income for crop producers who must forgo production. Given the frequently detected
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presence of pathogens such as Salmonella spp., the study suggests that the uMsunduzi River is not
suitable for domestic, recreational or agricultural use (Gemmell and Schmidt, 2013).
As part of this WRC project (K5 2354 and reported on in Deliverable 6), the water quality of the
Baynespruit Stream and its linkages to the health of the Sobantu community was investigated. The
study considered physico-chemical, E.coli and heavy metal water quality parameters. While it was
concluded that the water quality of the Baynespruit Stream is severely degraded, a clear link between
poor water quality and the perceived health issues in the Sobantu community could not be
established (Govender, 2016). To better understand the potential linkages, Govender (2016)
recommends a detailed health monitoring programme and further investigation. Once such
relationships are established, there is a greater possibility of determining the health costs of poor
quality water and a more solid basis for undertaking valid 'cost/benefit' analyses in terms of alternative
investments to improve water quality. In considering the use of poor quality water for crop irrigation,
the study by Govender (2016) highlights that there are both advantages and disadvantages of using
polluted water for crop irrigation.
River and dam based recreation is an important activity in the uMngeni Catchment and water-based
sporting events such as the Dusi Canoe Marathon and Midmar Mile, attract many visitors and
contribute to the local economy. In 2016, the Midmar Mile generated an estimated direct spend
(economic impact) in the range of R40 to R82 million (Tifflin and Kohler, 2016), the Dusi Canoe
Marathon generated an estimated direct spend in the range of R3 to R5 million (Wyllie and Kohler,
2016). Illness as a result of poor water quality could adversely affect participation in such events.
Sikhakhane (2001) used the value of the revenue generated by the Duzi Canoe Marathon to the city
of Pietermaritzburg as a proxy for the impact of poor quality water, assuming that the threat of high
E.coli levels in the uMsunduzi River could lead to cancellation of the event and therefore a total loss in
revenue.
The economic impact of the Dusi Canoe Marathon showed a significant decline in 2016, attributed to
a decline in participant numbers, a significant decline in spectators (by 50%) and a reduction in
average spending (Wyllie and Kohler, 2016). The exact reason for the decline was not apparent, but
Wyllie and Kohler (2016) suggest that the national drought influenced participation. The participant
numbers for each event from 2008 to 2016 are shown in Figure 8. A declining trend in participation is
evident across the 2008 to 2016 period for both events (trend lines, Figure 8).
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Figure 8: Participant numbers, Midmar Mile and Dusi Canoe Marathon, 2008-2016
Source: Data from Tourism KwaZulu-Natal.

In a survey of participants of the 2006 Dusi canoe marathon, 63% reported experiencing illness as a
result of taking part in the event (Oliver, 2006). A survey of Schistosomiasis (bilharzia) infection in
canoeists training and racing on the uMngeni and uMsunduzi Rivers revealed that 4% of respondents
were positive at the time of the survey (2006), while analysis of a related questionnaire revealed that
73% of respondents had tested positive for Schistosomiasis infection at some point in their canoeing
career (Oliver, 2006). Schistosomiasis is a disease caused by parasitic flatworms, eggs are excreted
through urine and faeces and the disease is spread by contact with fresh water contaminated with the
parasites. Schistosomiasis infection has a range of human health effects as well as affecting
mammalian domestic livestock, thereby impacting on livestock production, a common activity in the
greater uMngeni catchment.
A recent survey by the KwaZulu-Natal Canoe Union gathered information from paddlers on the factors
that affect their choice of canoe events (amongst other things). A newsletter of Canoeing South Africa
(May 2017) reports that water quality was listed as a key factor influencing the decision to paddle. The
newsletter notes that many paddlers are under the impression that the entire length of Dusi Canoe
Marathon - “the premier race of our season” is run in very poor water quality conditions.
Alien aquatic weeds, particularly water hyacinth (Eichhornia crassipes) and water lettuce (Pistia
stratiotes) pose a threat to the water resources in the Umgeni Water operational area (Umgeni Water,
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2016). Eutrophication – nutrient enriched waters –- enhances conditions that favour the growth of
waterweeds such as water hyacinth. Figure 9 gives an indication of the severity of infestations in the
Inanda Dam region of the Umgeni Water operational area. These plants are controlled through a
collaborative process combining biocontrol, herbicide and manual removal and informed by
monitoring and assessment of the weeds status (Umgeni Water, 2016). Specific costs associated with
alien aquatic weed control and monitoring are not reported by Umgeni Water. Sikhakhane (2001)
reported annual costs associated with the removal and control of water hyacinth from Inanda Dam of
R70 500 based on the costs of chemicals, labour and equipment (1996/97 prices). Costs depend on
the type of control method used and the density of the infestation.

The headwaters above the bridge leading into
Inanda Dam were blocked entirely by Water
Hyacinth and other aquatic weed in mid-January
2012 prior to spraying.

(Photograph: Gameplan Media, 2012)

Water hyacinth, Inanda Dam, 2014
The Dusi Umgeni Conservation Trust (DUCT) are
involved with control and clearing of water
hyacinth in the uMsunduze and uMngeni rivers.

(Photograph: Gameplan Media, 2014, DUCT
team members pictured)

Water hyacinth collected at the Gauging Weir on
the uMngeni River, February 2017.

(Photograph: Gameplan Media, 2012, Andre
Hawarden pictured)
Figure 9: Water hyacinth infestations, uMngeni Catchment, various years

While the financial cost of controlling water hyacinth can be significant, the negative ecological,
economic and social costs that result from its spread can be severe. Consequences of uncontrolled
water hyacinth growth can disrupt water abstraction facilities, destroy fishing grounds, disable water
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sports areas, block up irrigation channels and watercourses causing siltation and flooding, and
obstruct hydro-electric turbine intakes (eThekwini Municipality, undated).
Several studies across various areas of the greater uMngeni catchment have illustrated the
consequences of deteriorating water quality, in some cases these consequences have been
described in terms of monetary costs. Table 13 provides a summary of the studies discussed in this
section. Generally, these studies have focused on the consequences and costs that arise from the
use of poor quality water; less attention has been given to the costs of preventing water quality
deterioration and the costs associated with monitoring and compliance to ensure water quality
standards. For example, in terms of DWS compliance for water quality, it has been indicated (Mkhize,
2017 pers. comm.) that 50 compliance notices have been issued in KwaZulu-Natal. There are costs
associated with detecting non-compliance and enforcing compliance.
Table 13: Summary of water quality related impacts and costs from studies of the greater uMngeni Catchment

Consequence
WATER TREATMENT COSTS
Environmental contaminants had a marked impact on
treatment costs.
Costs driven by abiotic water-quality variables
Periods of intense taste and odour formation raise costs related to the blue-green algae Anabaena
Manganese increases treatment costs (Hazelmere
treatment works)

Location

Study

Water treatment
works, Umgeni
Water operational
area

Dennison, 1996;
Dennison and
Lyne, 1997;
Graham et al.,
1998

Algae and turbidity are significant drivers of chemical
dosage → increased treatment costs

Water treatment
works, lower
uMngeni
Wiggins treatment
works
Note: 2001 prices

Rangeti (2014)

Removal of algal genera: 44% of chemical costs
Disinfecting water: 38% of chemical costs
Cost of removing algae from water is R1,6 million/yr
Removing tastes and odours is R1,4 million/yr
67% of chemical costs attributed to high nutrient loads from
upstream waste water treatment works
COST OF ILLNESS
Health impacts on rural communities
Over a million rand (at 2001 prices) reported for health
impacts in communities along the stretch of river below the
Darvill Waste Water Works (on the uMnsunduze River) to
Inanda Dam (on the uMngeni River)
Direct and indirect costs associated with incidence of
diarrhoea and dysentery
RECREATION LOSS
Loss of revenue generated from water-based sports events
from cancellation of events due to risk of pathogen
contamination (indicated by high E.coli levels)
Revenue generated from Duzi Canoe Marathon 2016:
R3 to 5 million
Revenue generated from Midmar Mile 2016:
R40 to 81 million
Illness and Schistosomiasis infection associated with
canoeing in the uMsunduzi-uMngeni system
Treatment costs, loss in human productivity,
Schistosomiasis affects livestock – reduction in
livestock productivity.
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Based on model
of Graham et al,
(1998)

uMsunduziuMngeni system

Sikhakhane
(2001)
uMsunduziuMngeni system
Midmar Dam
uMsunduziuMngeni system

Tifflin and Kohler,
(2016)
Wyllie and Kohler
(2016)
Oliver (2006)

Consequence
ALIEN AQUATIC WEEDS
Financial costs of control
Chemicals, labour and equipment
R70 500 (1996/97 prices)
Consequences
Disrupt water abstraction facilities, destroy fishing grounds,
disable water sports areas, block up irrigation channels and
watercourses causing siltation and flooding, and obstruct
hydro-electric turbine intakes

Location

Study

Inanda Dam
uMsunduziuMngeni system

Sikhakhane
(2001)
eThekwini
Municipality
(undated)

While not a study specific to the uMngeni System, Graham et al. (2012) report on an investigation of
the costs associated with eutrophication in South Africa. The report provides tentative evidence on the
actual economic costs of declining water quality based on statistical regression analysis, suggesting
that “The various analyses within this study show that eutrophication has an economic impact on the
sectors of agriculture, property, recreation and water treatment and in a number of instances these
impacts are significant”. The report highlights the challenges and limitations of such studies and
emphasises that the costs associated with the control and monitoring of eutrophication, costs linked to
eutrophication policy and strategy development and the ecosystem costs of eutrophication are yet to
be investigated.
Intermediate conclusions
The use of polluted water can result in serious consequences with attendant costs across a range of
categories including human health, environmental impacts and productive activities such as
agricultural, recreation and industry. These consequences have attendant costs; the costs associated
with damages incurred or income forgone, the costs of increased water treatment to avoid such
consequences, and the costs of water quality monitoring, compliance control and policy development.
Water quality is a vital dimension of water security. If water is of poor quality it may not be readily or
realistically available for use, as treatment may be time consuming or prohibitively expensive.
Generally, the studies reviewed here have focused on the consequences and costs that arise from
the use of poor quality water; less attention has been given to the costs of preventing water quality
deterioration and the costs associated with monitoring and compliance to ensure water quality
standards.

2.5 Conclusion
Due to the strategic importance of the uMngeni catchment water resource, the high demands on the
system, the costs associated with declining water quality and the costs of alternative sources of water
(such as inter-basin transfers & desalination), the protection and management of the water quality of
the rivers and dams of the uMngeni catchment is essential.
Different water quality issues (e.g. microbial contamination, eutrophication) result in different
consequences and require different processes for improving the quality of the water. The most
appropriate intervention to improve the quality of the water will depend on which constituents are
problematic and the intended use of the water.
Broadly, there are four strategies towards addressing water quality issues:
• Prevention of pollution,
• Treatment (conventional approaches) of polluted water,
• Safe use of waste water, and
• Restoration and protection of ecosystems (ecological infrastructure) (UN Water, 2011:4).
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The focus of the broader research project is the contribution of healthy ecological infrastructure to
securing water for the benefit of society. Ecological infrastructure can contribute to the protection and
improvement of water quality. Various studies within this research project are investigating the
relationship between ecological infrastructure and water security.
From an economic perspective, a decision on whether to pursue a particular course of action is
informed by evaluating the proposed action against alternative options. In order to evaluate
investments in ecological infrastructure, knowledge of alternative ways of addressing water quality
issues is relevant. Given limited resources, differing socio-ecological contexts and social, ecological,
political and economic objectives at different scales (site, local, catchment, regional, national,
international), some form of prioritization is needed. In addition, while the restoration and protection of
ecosystems is viewed as a separate strategy, ecological infrastructure can support and contribute to
the other strategies outlined above. For example, green infrastructure and green
technology/engineering approaches integrate or mimic ecological processes, such as those found
within wetlands, which can be incorporated into or used with more conventional treatment processes.
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3 Case Studies
A component of the broader research project is to explore the economic value of investing in EI within
the uMngeni Catchment. This is being done at a case study level through the economic evaluation of
proposed ecological infrastructure investments associated with the UEIP pilot sites. The case studies
provide an opportunity to begin building an evidence base of potential costs and benefits of investing
in EI towards future decision-making as well as informing a process whereby ecological and green
infrastructure considerations are incorporated into decision-making.
As noted in the introduction, second aim of Deliverable 9 (this report) is to provide feedback and
progress on the economic evaluation studies of the pilot sites, the final results, conclusions and
recommendations of the studies will be reported in Deliverable 12.
In this section, current progress for the selected case studies is reported; emerging information and
data requirements and challenges and pertinent questions raised through the case study
investigations are discussed. Additional detail on the case studies is provided as appendices to this
report. The final outcomes and conclusions will be reported in Deliverable 12 (July 2018).

3.1 Evaluation process
Several economic assessment tools can be used to inform decisions on whether, or how best, to
invest in ecological infrastructure. These tools generally fall within two broad categories (1) economic
benefit assessments and (2) economic impact analysis. The focus of economic benefit assessments
is measuring or determining the economic value produced through the activity, this includes both
market and non-market value. Economic impact studies examine how expenditures related to a
particular activity cycle through the economy and stimulate impacts in other areas, for example the
economic impacts of rehabilitating a wetland would include the jobs created through the project and
the impact of spending on construction materials on the local economy (Pendleton and Baldera, 2010;
Bendor et al., 2015).
In a cost-benefit analysis, both the costs and benefits related to a particular activity are assessed and
compared to each other. For example, in the case of wetland rehabilitation, costs could include
expenditure on construction materials or the cost of chemicals and labour to clear or alien invasive
plants. Benefits could include avoided damages to downstream property from improved flood
attenuation, increased supply of natural resources and enhanced amenity value of the wetland.
Identifying and estimating the benefits of investing in EI is a complex process, associated with
onerous data requirements and uncertainty (Black et al., 2016). As noted in Mander at el. (2002) the
relationship between ecosystem functionality and condition and the quantity and quality of ecosystem
services and benefits supplied is complex, requiring considerable primary research and often
constrained by limited data. Where cost-benefit analysis is not feasible or severely limited through
lack of data, or even as a starting point to evaluating investment options, cost-effectiveness analysis
can be applied. Relative to alternative economic analyses, cost-effectiveness analysis embodies the
least amount of uncertainty.
The choice between analytical alternatives should not be a case of ‘either or’, but rather a
combination of approaches best suited to the context, the resources and the information needs. In the
case of evaluating an investment in EI, a process of contextualisation is needed before deciding on
the economic evaluation tools to be applied. Several steps and activities form the process of an
economic evaluation of investing in EI, as outlined below and illustrated in Figure 11. The steps build
on the approach presented in Deliverable 4.
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Evaluating investments in EI can be approached from two ‘pathways of benefit (cost) identification’.
One is to start with a specific investment action investment (for example the rehabilitation of a
wetland) and to identify the likely (or measure the actual) changes in the ecosystem and then identify
the impacts of human well-being. The ‘impact pathway of policy change’ is one useful framework for
envisioning this relationship, Figure 10 and described in Deliverable 4.

Impacts on
ecosystem

Action

Impacts
on human
well-being

Changes in
ecosystem
services

Economic value of
changes in
ecosystem
services

Figure 10: Impact pathway of policy change
Source: Adapted from DEFRA (2011:22).

Another is to start with what constitutes human well-being and explore how well-being ‘maps’ back to
(depends on) ecosystems and the services that nature provides. Investments in EI that respond to
human well-being and social goals can then be identified. This approach is described in Fish
(2011:671) who highlight “the need to manage ecosystem services in relation to wider stakeholder
values, needs and priorities”.
The first step in the economic evaluation of investing in EI is a process of contextualisation. This
process must describe the situational context (ecological, social, and political) and the social
goals/priorities (problem context), consider the multiple value systems at play and identify the
investment options and alternatives. From the contextualisation process, a specific evaluation
question can be identified that is relevant to the context and the information needs, available
resources, study boundary and required level of detail and certainty.
The appropriate type of economic analysis and methods can then be selected. The design of the
evaluation study will include developing/selecting scenarios for analysis, identifying data requirements
and sources (long-term monitoring plans may need to be designed and implemented).
The next step involves the assessment of the impacts of the intervention on the ecosystem, the
resulting changes in ecosystem services and the subsequent impacts on human welfare. Depending
on the level of detail and certainty required and the resources available this stage may involve
different or mixed types of data collection (qualitative, quantitative, primary, secondary) and time
frames (e.g. monitoring over several years to collect primary data, collection of existing data, rapid
assessment approaches).

Planning

Contextualise

Evaluation

Design

Assess

Evaluate

←--------------------------- Iterative process ----------------------------→

Integrate with other information
(value dimensions)
Interpret findings within the
context of the evaluation
Communicate results

Figure 11: Process for the economic evaluation of investing in ecological infrastructure

Economic evaluation analyses and methods can then be applied. In the case of cost-benefit analysis,
a variety of economic valuation methods have been developed for valuing the benefits associated
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with ecological infrastructure and ecosystem services 1. The findings and conclusions must be
contextualised within the social, ecological and political setting of the evaluation and assumptions and
limitations acknowledged.
The evaluation of an investment in EI requires consideration of multiple objectives and criteria (e.g.
financial, environmental, technical, social and political) and their complex interactions. This complexity
requires a multi-criteria analysis approach. Economic evaluation should be viewed as one tool, to be
integrated with other non-economic approaches, for evaluating investments in EI.

1

See Deliverable 4 of this research project for a detailed overview of valuation methods.
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3.2

Mthinzima Stream: cost-benefit analysis of wetland rehabilitation

The rehabilitation of the Mthinzima wetland is part of the ‘Save The Midmar Dam Project’, one of pilot
studies of the UEIP project.
The upper uMngeni catchment draining, into Midmar Dam, is a strategically significant water
resource, supplying clean drinking water to the eThekwini, uMgungundlovu and Msunduzi
Municipalities. The Mthinzima Stream is one of several aquatic systems flowing into Midmar Dam,
Figure 12. The Mpophomeni settlement is directly adjacent to the Mthinzima Stream and
approximately 2.5 km upstream of Midmar Dam (GroundTruth, 2012). Various studies and
stakeholders have raised concerns regarding the quality of the water in the Mthinzima Stream and the
potential negative impact on the quality of the water in Midmar Dam if this trend continues. Concern
has intensified with the proposal of an additional social housing project, Khayalisha, in the catchment.
The Khayalisha development site is between two river networks which drain directly into Midmar Dam.

Mpophomeni
Settlement

Figure 12: Location of the Mthinzima Stream within the upper uMngeni catchment, uMgungundlovu municipal
area, KwaZulu-Natal, South Africa.

Environmental authorisation and water use license applications associated with upgrades to the
sewerage infrastructure in Mpophomeni required rehabilitation plans to be compiled for the wetland
ecosystems upstream of the R617 road. In the interest of ensuring consistency of the rehabilitation
strategy for the entire Mthinzima Stream wetland complex (i.e. upstream of the R617 to Midmar Dam),
GroundTruth undertook to compile a wetland rehabilitation plan for the wetland habitat downstream of
the R617 road on behalf of the Zenzele Community Trust members (see appendix 6.2 for location
maps). The primary objective of the wetland rehabilitation, as stated in the wetland rehabilitation plan
is “to optimise ecosystem services associated with water quality enhancement, ultimately contributing
towards the protection of the water resources within Midmar Dam directly downstream of the study
site” (GroundTruth, 2015:7).
The general objective of this study is the economic evaluation the costs and benefits of investing in
ecological infrastructure, in the form of wetland rehabilitation, in the Mthinzima catchment, specifically
toward the objective of water quality enhancement. An MSc (Agricultural economics) research project
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entitled: “Cost and Benefit Analysis of wetland rehabilitation: A case study of Mthinzima wetland
feeding Midmar Dam, KwaZulu-Natal, South Africa (by Nothando S. Buthelezi) contributes to this
case study, see Appendix 6.2.1 for a progress report from the student. Activities and preliminary
findings of the case study are discussed in this section, additional information is provided in Appendix
6.2.

Method
The evaluation process outlined in section 3.1 and Figure 11 is being followed.
A plan of the proposed wetland rehabilitation had been developed prior to the start of the economic
evaluation, wetland rehabilitation activities have not yet commenced. In this case, the economic
evaluation starts from the point of evaluating a specific investment in EI (wetland rehabilitation) that is
expected to change the supply of ecosystem services provide by the wetland. The economic study is
thus an evaluation of the expected outcomes of the investment and applies an ecosystem services
approach to identifying the anticipated benefits of the rehabilitation. The proposed wetland
rehabilitation is being evaluated using a Cost-Benefit Analysis (CBA) approach.
The ecosystem services approach is useful in considering the benefits of investing in ecological
infrastructure: however, three elements need to be considered (Figure 13):
1) Supply: the ability or effectiveness of the ecosystem to provide the ecosystem service. This
relates to the biophysical characteristics of the ecosystem. Generally it is assumed that the
supply of ecosystem services (or a specific service) will increase, or a decline prevented, with
the investment in EI.
2) Opportunity: this refers to the opportunity afforded the ecosystem (e.g. wetland) to supply the
service. It relates to the context of the ecosystem - geographical location, catchment
characteristics, social setting, and the availability of other capital input to realize the benefit.
For example, for a wetland to provide a water quality improvement service, there needs to be
existing/potential pollution inputs; or for a wetland to provide tourism/recreation benefits
access (roads) and other infrastructure and human capital is required.
3) Demand: the service(s) must be demanded (used or desired) by at least one individual.

Service/Benefit Identification

Generic list of (wetland) ecosystem services & benefits
CONTEXT
Ecological setting

Investment option

Identify the ecosystem services related to the
EI and the anticipated changes in ecosystem
services with the investment
SUPPLY

Socio-economic setting
Identify how well-being
relates to ecosystem
services and EI

OPPORTUNITY & DEMAND

Study
Design

Context/case specific list of ecosystem services & benefits
Prioritization of services & benefits for evaluation
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Ecosystem service/benefit(s) for economic evaluation
Figure 13: Schematic outlining the approach taken to identifying and prioritizing ecosystem services and benefits
for consideration in the economic evaluation assessment.

Water quality enhancement was identified as the primary ecosystem service likely to be improved
through the wetland rehabilitation (increased supply). The value of the increased water enhancement
capacity of the wetland with rehabilitation will be evaluated using a replacement cost approach, the
underlying assumption is that improving water quality before it enters the Midmar Dam is preferred to
the consequences of declining water quality within the dam (e.g. treatment of poor quality water
abstracted from Midmar, negative impacts on dam recreation). The replacement cost approach entails
quantifying the improved removal of pollutants by the rehabilitated wetland in the study area and
estimating the equivalent cost of performing this service with the next best alternative. The conceptual
approach is described in Figure 14.

COST OF NO ACTION
Risk of eutrophication to critical water
supply infrastructure & regionally
important recreation & tourism facility
ECONOMIC JUSTIFICATION
Net present value
COST OF ACTION
Capital, operational &
licencing/approval costs

EMPIRICAL APPLICATION a
Mthinzima Wetland
Rehabilitation
BENEFIT OF ACTION
Avoided cost of next best alternative
for achieving the same benefit

COST OF ACTION
Capital, operational &
licencing/approval costs of wetland
rehabilitation

ECONOMIC JUSTIFICATION
Cost-Benefit Analysis

Figure 14: Schematic of the approach followed to evaluate an investment in wetland rehabilitation along the
Mthinzima tributary to Midmar Dam.
Note: a Assumes demand exists for actions to reduce the risk of eutrophication of Midmar Dam.
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Activities
Data
Data for this study is being gathered from a number of sources, including meetings with DEA and
Umgeni Water, GroundTruth, other researchers, telephonic and email interviews (engineers),
workshops with experts, municipal documents, expert reports, published scientific research and
desktop analysis.
Mthinzima Stream wetland complex and wetland rehabilitation areas
There are several areas of wetland within the Mthinzima catchment. Rehabilitation plans have been
developed for three of these areas. Two of the areas are associated with new planned waste water
treatment works infrastructure (in the same area as the old WWTW infrastructure and existing pump
station) – one area associated with the treatment works and another area associated with a proposed
sewer line network. The rehabilitation of these two areas of wetland are a condition of the
environmental authorisation and water use license applications associated with new (not yet built)
sewerage infrastructure in Mpophomeni. A third area of wetland located downstream of Mpophomeni
(and the R617 road) has also been proposed for rehabilitation (referred to as the Mthinzima wetland).
The location of the three wetland rehabilitation areas is shown in Figure 15 (see Appendix 6.2.2 for
additional details).

Figure 15: Location of the wetland rehabilitation areas
Source: GroundTruth (2015).

Land cover change in the Mthinzima catchment
Land cover patterns in the Mthinzima catchment were assessed using historical aerial photographs
from the year 1929 to 2016. A timeline of the key changes and drivers is provided in Appendix 6.2.3
(Figure 6.2c). Socio-political drivers behind land cover change over the years were commercial
agriculture and forestry, settlement development and cattle grazing. Between 1929 and 1960s, the
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main socio-political drivers of land cover change were commercial agriculture and forestry, and then
the Mpophomeni settlement was developed in the 1960s. From the 1960s to present, settlement
development increasingly became be the main driver of land cover change.
Flow diagram
A flow diagram was developed to show how water flows within the Mpophomeni-Mthinzima system.
The aim of this exercise was to identify the inputs to the wetland - with and without the planned
WWTW infrastructure – particularly with the intention of establishing the opportunity for the Mthinzima
Wetland to provide a water quality enhancement service, given the planned WWTW developments. A
schematic flow diagram is provided in Figure 16, and photographs in Figure 17. The development of
the flow diagram benefitted from significant input from a scientist of Umgeni Water’s Water and
Environmental Services (Umgeni Water, 2017).
The Mthinzima Stream flows adjacent to the Mpophomeni settlement where it is met by a tributary
that bisects Mpophomeni, the stream then flows under the district road (R617), through the Mthinzima
wetland system and into Midmar Dam. The formal Mpophomeni settlement forms a large portion of
the Mthinzima sub-catchment. The Mpophomeni WWTW is no longer in use; effluent from the town is
pumped to the Howick WWTW. The pump-station is located at the site of the ‘old’ WWTW,
infrastructure from the ‘old’ WWTW remains. The WWTW ponds are used in the present management
of the effluent and pump-station.
Currently there are two main sources of flow to the Mthinzima wetland:
1) The Mthinzima stream, including the ‘Hlanga’ tributary which bisects Mpophomeni and drains
into the Mthinzima stream upstream of the R617 road. This is natural flow with inputs from
storm water run-off from Mpophomeni, surcharging manholes and failure of the sewer
reticulation system and solid waste.
2) Ongoing flows from the existing WWTW pond infrastructure have created a flow path through
the wetland area which re-enters the Mthinzima stream before it flows into Midmar Dam. This
is discharge as a result of natural seepage, pump station failure and excess flows (storm
water ingress) from the old WWTW ponds and contains a mix of natural seepage and semitreated effluent.
A new waste water treatment works for Mpophomeni is planned and will be built at the location of the
old WWTW infrastructure (and current pump station). To minimize overflows, the existing wet weather
storage dam will be refurbished to give extra storage of raw sewage In the event that peak flows
continue, the wet weather storage dam will flow into a waste stabilisation pond. Treated effluent from
the new WWTW will be pumped along a new pipeline from the Mpophomeni WWTW to the Sakabula
Stream. The following points are noted:
• With the new planned WWTW infrastructure, it is expected that no treated effluent or raw
sewage will flow from the WWTW to the Mthinzima stream or to Midmar Dam (under normal
conditions). Once the WWTW infrastructure is in place and operational, the second flow path
(described above) is effectively removed.
• There is a potential risk of untreated effluent spills during construction of the new WWTW.
• The risk of failure of the new WWTW is considered low after the first year of operation until
year five. After five years of operation the risk of failure of the built infrastructure begins to
increase (Umgeni Water, 2016 pers. comm.). Note ‘failure’ does not imply total failure of the
WWTW, nor does failure result in contamination of the Mthinzima Stream or Midmar Dam, as
several risk mitigation measures are planned as part of the WWTW development
(uMgungundlovu Municipality, 2014).
• The first flow path – the Mthinzima stream – will remain.
• It is not entirely clear how the rehabilitation of the wetland areas associated with the WWTW
development will influence the flows and quality of water reaching the Mthinzima stream and
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Midmar Dam. It appears that some of the flows from the Mthinzima stream and the Hlanga
tributary will be directed through these wetland areas and then returned to the Mthinzima
Stream upstream of the Mthinzima wetland areas.
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Midmar Dam
Effectively, with the new WWTW, the
inputs and flow (purple, dotted lines) to
the Mthinzima wetland are expected to be
removed (under normal conditions,
including high flows).

Wetland

Mthinzima

Mthinzima
area

Road R617
Discharge as a result of natural
seepage, pump station failure and
excess flows (storm water ingress).
Wetland area
associated with the
planned WWTW
infrastructure

WWTW infrastructure

Stormwater run-off, surcharging
manholes & failure of the sewer
reticulation system, solid waste

Mthinzima

Mpophomeni settlement
Formal housing
Higher density
Connected to formal sewage system

Mthinzima Stream
splits (‘new path on
right)

Upper catchment
Grazing land
Semi-residential, lower density
Not connected to formal sewage system
Figure 16: Schematic of the Mthinzima-Mpophomeni system showing the water flows to the Mthinzima wetlands.
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Mthinzima Stream, upstream of waste water pump-station and ‘old’ waste water treatment works
infrastructure

Outflow from ‘old’ waste water treatment works
ponds’, upstream of R617 Road.

Flow path created by on-going flows from (nonoperational) waste water treatment works ponds,
downstream of Road R617 and looking towards
Midmar Dam.

Mthinzima Stream at the R617 Road, looking upstream towards Mpophomeni
Figure 17: Photographs of the Mpophomeni-Mthinzima system, showing the two ‘flow paths’ feeding the
Mthinzima Wetland area below the R617 Road.
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From the analysis of how water moves through the Mpophomeni-Mthinzima system, water quality
studies and trends (Ngubane, 2016; van Deventer, 2012) and pollution sources, it can be concluded
that there is an existing opportunity for an improvement in water quality (i.e. the water quality of the
Mthinzima Stream is unsatisfactory). The development of new WWTW infrastructure will address
some of these water quality issues, specifically the treatment of effluent that reaches the WWTW from
the reticulated sewerage system. However, run-off from the Mpophomeni settlement, which is
characterized by inputs from stormwater run-off, surcharging manholes and failure of the poorly
planned sewer reticulation system, solid waste and discharges not linked to the reticulated sewerage
network, will continue to drain into the Mthinzima Stream which flows into Midmar Dam. It can be
concluded that even with the development of new WWTW infrastructure, some level of contamination
of the Mthinzima stream will remain, and therefore opportunity for an improvement in the quality of the
Mthinzima Stream before it reaches Midmar Dam.
Determining the extent to which the pollution load to the Mthinzima Stream will be affected by the new
WWTW is a challenge. Mapping of the Mthinzima catchment in terms of the proportion of households
connected to the sewerage network, the proportion of households on non-connected sanitation
systems and the proportion of households without sanitation would provide a clearer understanding of
potential pollution inputs to the wetlands (and changes in inputs with the development of planned
WWTW infrastructure). Results from the monitoring of surcharging manholes within Mpophomeni
(undertaken by DUCT Eco-champs) are another potential source of useful information.
This analysis highlights an important aspect. To be able to demonstrate that it is the outcomes of the
investment in EI that have created (benefits) value, and more particularly to be able to quantify the
benefit, the effects of the investment must be isolated from the effects of other factors driving
changes in the system. In this case, separating out the water quality improvements due to the WWTW
infrastructure development and rehabilitation of the wetland (and the various wetland areas) is a
challenge, especially if these multiple interventions occur simultaneously (or within a 3 to 5 year
timeframe). A detailed, long-term monitoring programme that takes into account this aspect is needed
to demonstrate the actual impact of the wetland rehabilitation on water quality.
Ecosystem services assessment
A qualitative assessment of potential changes in the supply of wetland ecosystem services with the
proposed wetland rehabilitation, based on WET-EcoServices results reported in the rehabilitation
plans (GroundTruth 2014, 2015) and the scoring approach for qualitative assessment of ecosystem
service change proposed by DEFRA (2011) (Table 14) was undertaken, Table 15.
Table 14: Illustrative scoring approach for qualitative assessment of ecosystem service change (DEFRA,
2011:24)

Score

Assessment of potential/likely effect

++
+
0
-?

Potential significant positive effect
Potential positive effect
Negligible effect
Potential negative effect
Potential significant negative effect
Gaps in evidence/contention/uncertainty
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Table 15: Qualitative assessment of potential changes in the supply of wetland ecosystem services with the proposed wetland rehabilitation, Mthinzima Wetland

Ecosystem service
Flood attenuation
The spreading out and slowing down of
floodwaters in the wetland, thereby reducing
the severity of floods downstream.
Streamflow regulation
Increase in base flows due to storage of
floods and high flows in the wetland for later
and more gradual release, thereby sustaining
streamflow during low flow periods.
Groundwater recharge
Sediment retention
The trapping and retention in the wetland of
sediment carried by runoff waters.
Phosphate assimilation/ trapping
Trapping and removal by the wetland of
phosphates carried by runoff waters.
Nitrate assimilation
Removal by the wetland of nitrates carried by
runoff waters.
Toxicant assimilation
Removal by the wetland of toxicants (e.g.
metals, biocides and salts) carried by runoff
waters.
Erosion control
Controlling of erosion at the wetland site,
principally through the protection provided by
vegetation.
Micro-organism/pathogen assimilation
Removal by the wetland of pathogens.
Carbon storage
The trapping of carbon by the wetland,
principally as soil organic matter.

Anticipated change in ecosystem services
Description

Likely impact

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is intermediate. The extent of
supply is not anticipated to change with the proposed rehabilitation.

0

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is high. The extent of supply is
anticipated to increase with the proposed rehabilitation.

+

Not incl. in WET-EcoServices
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is high. The extent of supply is not
anticipated to change with the proposed rehabilitation.
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is moderately low. The
effectiveness of the wetland in supplying the service is anticipated to increase to
moderately high with the proposed rehabilitation.
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is intermediate. The effectiveness
of the wetland in supplying the service is anticipated to increase to moderately high with
the proposed rehabilitation.
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is intermediate. The effectiveness
of the wetland in supplying the service is anticipated to increase to moderately high with
the proposed rehabilitation.
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is moderately low. The
effectiveness of the wetland in supplying the service is anticipated to increase to
moderately high with the proposed rehabilitation.
Not a separate category in WET-EcoServices, but often included under toxicant
assimilation
Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) able to supply this service is intermediate. The extent of
supply is anticipated to increase to moderately high with the proposed rehabilitation.
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Table 15 continued

Anticipated change in ecosystem services
Description
Likely impact
Results of the WET-EcoServices assessment score Biodiversity maintenance as high,
Biodiversity maintenance
with no overall increase with the rehabilitation, however an increased in wetland
0
integrity is noted.
Note: In WET-EcoServices the following services are scored in terms of their current use and a mix of opportunity & demand factors
Provision of water for human use
Results of the WET-EcoServices assessment indicate that the extent to which the
The provision of water extracted directly from
wetland is currently (2015) providing this service is intermediate. The potential supply of
+
the wetland for domestic, agriculture or other
this service is anticipated to increase with the proposed rehabilitation.
purposes; related to access to water.
Ecosystem service

Natural resources
The provision of natural resources from the
wetland, including wild foods (plants and
animals), raw materials (e.g. craft &
ornamental plants), medicinals & grazing for
livestock.
Cultivated foods
The provision of areas in the wetland
favourable for the cultivation of foods
Cultural significance
Places of special cultural significance in the
wetland, e.g., for baptisms or gathering of
culturally significant plants.
Tourism and recreation
Sites of value for tourism and recreation in the
wetland, often associated with scenic beauty
and abundant birdlife.
Education and research
Sites of value in the wetland for education or
research.

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) providing this service is moderately high. The potential
supply of this service is not anticipated to change with the proposed rehabilitation.

0

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) providing this service is intermediate. The potential supply of
this service is not anticipated to change with the proposed rehabilitation.

0

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) providing this service is moderately low. The potential supply
of this service is not anticipated to change with the proposed rehabilitation.

0

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) providing this service is moderately low. The potential supply
of this service is not anticipated to change with the proposed rehabilitation.

0

Results of the WET-EcoServices assessment indicate that the extent to which the
wetland is currently (2015) suppling this service is low. The potential supply of this
service is not anticipated to change with the proposed rehabilitation.

0

Note: evaluation based on WET-EcoServices results (drawing only from the effectiveness component where a difference between effectiveness and opportunity is specified)
(GroundTruth, 2015).
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The analysis highlights the following:
• Water quality enhancement services are separated into specific constituents (e.g. nitrate
assimilation, sediment retention etc.),
• The rehabilitation of the wetland is anticipated to have a potential significant positive effect of
water quality enhancement services and carbon storage,
• The rehabilitation of the wetland is anticipated to have a potential positive effect on
streamflow regulation and the provision of water for human use,
• Livestock grazing is an existing use of the wetland area; this service may be negatively
affected by the proposed rehabilitation, due to limited accessibility in the wet season.
Demand assumption
Ecosystem services are ecological phenomena (ecosystem process/functions) that are desired or
used (directly or indirectly) by at least one individual. In this case, given the global, national and
regional objectives to improve water quality (section 2.3) and the consequences and associated costs
of declining water quality (section 2.4) the assumption is made that there exists a demand to improve
the water quality of the Mthinzima Stream, particularly with the aim of protecting the water quality of
Midmar Dam. In applying the replacement cost valuation approach, the assumption is made that
improving the quality of inflows to Midmar Dam is preferred over the risk of declining water quality in
Midmar Dam (i.e. it is assumed that a precautionary approach is demanded).
This is a limitation of the cost replacement valuation approach – the demand for the service/benefit is
not assessed directly (i.e. through determining the ‘willingness to pay’ for the service/benefit).
Scenario development
In evaluating the benefits of the wetland rehabilitation, the two alternatives ‘with rehabilitation’ - the
case where rehabilitation is implemented – and ‘without rehabilitation’ - the case where rehabilitation
is not implemented – must be compared2. In a formative evaluation, as in this case, both these
alternatives have to be hypothesized. In a summative evaluation, provided detailed monitoring of
rehabilitation outcomes is undertaken, only the ‘without rehabilitation’ scenario has to be
hypothesized. The certainty of proposed scenarios improves with detailed baseline data collection
and monitoring, and when there is an existing base of evidence to draw from (monitoring of other
similar wetland rehabilitation activities in the region).
In the case of the Mthinzima Wetland rehabilitation, the development of the new WWTW in
Mpophomeni, in the near future, needs to be considered in developing the scenarios for analysis, as
this development is likely to be a key driver of change in water quality in the system.
As such, three scenarios, or evaluation questions, were identified, and several aspects for
consideration for each scenario are noted.
a) WWTW infrastructure as planned, ‘with’ and ‘without’ wetland rehabilitation
• This scenario assumes that the planned WWTW infrastructure will be built and that the
WWTW infrastructure has been designed and specified.
• What ‘inputs’ will the wetland area receive once the WWTW infrastructure is in place?
• What is the ability of the wetland to deal with (assimilate) these inputs (loads) with and without
the rehabilitation – what can the wetland ‘do’ with and without rehabilitation?
• What is the alternative for achieving the same level of ‘water quality enhancement’ as
provided by the rehabilitation of the wetland and what would it cost?
2

This is different to the before and after rehabilitation situation which does not capture the effects of
continued degradation should the rehabilitation not be implemented.
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This is the scenario being evaluated through the cost-benefit analysis. A key challenge under this
scenario is quantifying the additional amount of water pollution that is likely to be assimilated/removed
by the wetland in its rehabilitated condition. This is complicated by the addition of the WWTW which
will address some of the pollution load, thus changing the status quo or baseline from which the
outcomes of the wetland rehabilitation can be evaluated.
b) The WWTW infrastructure ‘with’ wetland rehabilitation vs. WWTW infrastructure ‘without’ wetland
rehabilitation
• This scenario asks the question ‘To what extent are the specifications (level of treatment) of
the WWTW infrastructure influenced by the presence of the wetlands and the possibility of
wetland rehabilitation to increase water quality enhancement services’?
• In other words, has the WWTW system been designed with the wetland and its
rehabilitation in mind), and if not, would it make any difference to the design?
• Could less advanced waste water treatment technology be used if the wetland was in
‘healthy’ condition?
• Does the presence of ecological infrastructure that has the potential to provide a
water quality enhancement service, make a difference to the design of the WWTW
system?
Consultation with various experts (Umgeni Water, engineers involved in the design and
implementation of the WWTW) suggests that the presence of wetland areas does not generally
influence the design of WWTW systems in terms of the treatment technology and level of treatment.
In this case, the presence of Midmar Dam and the nearness of the WWTW infrastructure to the dam
require that the best possible treatment technology be implemented, regardless of the water quality
enhancement potential of the wetland areas.
c) Wetland rehabilitation as risk mitigation
• What is the role (or potential role) of the wetland as a risk mitigation measure in the case of
failure of the WWTW?
• How might the WWTW fail, probability of (types) of failure, likely outcomes and impacts?
• What is the risk to Midmar Dam of (episodic) failure of the WWTW; would episodic failure of
the WWTW impact on the water quality of Midmar Dam?
• Could this be modelled?
• Could, and to what extent, the rehabilitated wetland mitigate this risk, compared to the
degraded wetland?
• What would be the alternative for achieving the same level of risk mitigation?
Consultation with the engineers involved in the design of the WWTW suggest that risk of failure of the
WWTW to the extent that there would be resulting impacts to Midmar Dam (i.e. the discharge of
treated, semi-treated or untreated effluent from the sewerage reticulation system to Midmar Dam) is
low. Addressing the questions raised by this scenario would require modelling and prediction of both
the probability of failure of the WWTW and the impacts of such failures to the water quality of Midmar
Dam.
Estimating the additional water quality enhancement service of the rehabilitated wetland
This section details a tentative approach to estimating the potential additional water quality
enhancement service of the rehabilitated wetland (wetland rehabilitation outcome). Additional
work/investigation is needed to test the assumptions made here and to improve the confidence of the
estimates. The current focus is on the nutrient retention service of the wetland, considered a priority
in light of the risk of eutrophication of Midmar Dam.
The concept and method of ‘hectare equivalents’ is used to evaluate the ecological outcomes of
wetland rehabilitation interventions (Cowden and Kotze, 2007). Hectare equivalents are used as the
‘currency’ for assessing the loss and/or gains in wetland integrity under different scenarios, and are
53

derived from assessments of wetland condition with and without rehabilitation using the Using WETHealth assessment tool (Macfarlane et al., 2008). As part of the wetland assessments undertaken by
GroundTruth in developing the Mthinzima wetland rehabilitation plan, hectare equivalents were
calculated: “Post-rehabilitation, the improved PES will lead to a gain in hectare equivalents of
10.78ha” (GroundTruth, 2015:20); an increase of 10.78ha of functional wetland habitat as a result of
the rehabilitation (Figure 18). In this case, the gain in functional wetland area (10.78ha) is proposed
as a base for estimating the potential additional water quality enhancement service (nitrogen
assimilation) as a result of the rehabilitation interventions.

Figure 18: A graphic representation of the wetland habitat within the landscape, in terms of both spatial extent
and functional area.
Source: Reproduced from GroundTruth (2015:20).

In the absence of measured data of the nitrogen removal rate of the Mthinzima wetland, removal rates
from the literature will have to be applied. Few published long terms studies, or monitoring results, of
nitrogen retention by wetlands for wetlands in KwaZulu-Natal (or even South Africa) are available.
Applying retention rates from the literature, introduces considerable uncertainty and reduces the
confidence of the estimates. The discussion (and tables) below provide a preliminary comparison of
nitrogen (Table 17) and phosphorus removal rates (Table 18) by wetlands from the literature. Factors
affecting nitrogen removal by wetlands are summarized in Table 19.
Verhoeven et al. (2006) provide a useful discussion of wetlands and water quality, specifically in
respect of nutrient loads and removal. The authors’ description of the pathways, processes and
effects of nutrient loading within the context of a riparian wetland in an agricultural landscape context
is reproduced here in Box 2. The discussion highlights several points:
• Critical levels - when nutrient loading rates surpass a critical level, species composition and
ecosystem functioning change dramatically over short periods of time and the systems often
move to a different stable state
• Nutrient richness of the system influences the degree to which the species composition
changes
• For wetlands, a critical phosphorus loading rate of 10 kg P/ha/yr has been proposed
• For wetlands, a critical nitrogen load of 25 kg N/ha/ yr has been proposed, there appears
to be little published information about differences among different wetland types in this
respect.
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The study notes: “It is striking that the proposed critical loading rates of nitrogen and
phosphorous for wetlands are several orders of magnitude lower than the typical loading rates
in natural or constructed wetlands used for improving water quality” (Verhoeven et al.
(2006:101)…“Hence, wetlands in agricultural catchments can contribute significantly to waterquality improvement, but their loading rates often surpass critical values” (Verhoeven et al.
(2006:101).
All systems show a characteristic breakdown of the nutrient retention function after prolonged
high nutrient loading
Maximum nutrient loads – beyond this limit, the wetland will show substantial leaching and
associated high concentrations in the outflow; maximum loads are proposed:
o Nitrogen 1000kg/ha/yr
o Phosphorus 60 kg/ha/yr.

Ngubane (2016) investigated nutrients loads to Midmar Dam from various tributaries including the
Mthinzima Stream (as part of this WRC research project); results are summarized in Table 16. A
comparison to estimates for Hartbeespoort is included (Dudula, 2008).
Table 16: Estimated nutrient loads to Midmar Dam, 1983-2013

Study & location

TPa

Nb

Form

Loads to Midmar Dam
Ngubane (2016)
Input from uMngeni, Lions & Mthinzima
Average annual (kg/yr) 1983-2013
Max. (kg/yr) (1995-1996)
Annual (kg/yr) 2012-2013
Mthinzima only (kg/yr) 1983-2013

8 300
22 800
10 600

34 900
121 300
29 000

DIN
DIN
DIN

<500 to 5 500

1 500 to 13 000

DIN

316 000

2 330 000

Loads to Hartbeespoort Dam (HBS)
Dudula (2008) (kg/yr)

Total N

TP – total phosphorus
N – nitrogen, DIN is dissolved inorganic nitrogen (nitrite + nitrate + ammonia); Total N = Ammonia + Nitrite +
Nitrate.
a
b

Land et al. (2016) provide a systematic review, and database, of nitrogen and phosphorus removal
rates for freshwater restored and created wetlands. The database can be filtered based on numerous
criteria including location, climatic zone, wetland type, inflow type, area, history (restored or created)
among others. Filtering based on wetland type (free water surface), wetland history (restored), climate
zone (Cfb which corresponds to Howick (Conradie, 2012) produced six wetland results (all located in
Europe).
Turpie et al. (2010) estimated the water treatment capacity of wetlands on a landscape scale in the
South Western Cape of South Africa, by relating the water quality at catchment outflow points to the
prevalence of wetlands, as well as other land uses, using multivariate statistical analysis. Wetlands
were found to play a significant role in the reduction of nitrates, nitrites, and ammonium, but not
dissolved phosphorus or suspended solids. The authors note that the nitrogen removal rate
estimates for wetlands in the study area were higher than expected and fell within the broad ranges
for nitrogen removal observed in artificial wetlands
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Table 17: Comparison of wetland nitrogen removal rates from the literature

Reference

Descriptives

Land (2016)

Median, N=255

Land (2016)
Turpie et al.
(2010)
Verhoeven et
al. (2006) a

Median, N=4
Estimated
average

Removal rate

Range

Location

kg/ha/yr

kg/ha/yr

930

-3 to 12700

69

-3 to 337

Multiple - predominantly
North America & Europe
Multiple - Europe

1594

307 to 9505

South Africa

na

1000 to 3000

Temperate zones

3 studies

Note: a Verhoeven et al. (2006:98) suggest that these are high values, considering that they are an order of
magnitude higher than fertilizer applications in intensively farmed areas.
Table 18: Comparison of wetland phosphorus removal rates from the literature

Reference

Descriptives

Land (2016)

Median, N=146

Land (2016)
Turpie et al.
(2010)
Verhoeven et
al. (2006)a

Median, N=6
Estimated
average

Removal rate

Range

kg/ha/yr

kg/ha/yr

12

Location

-168 to 2400

2.43
0

3 studies

-12 to 24
0
60 to 100

Multiple - predominantly
North America & Europe
Multiple - Europe
South Africa
Temperate zones

Note: a Verhoeven et al. (2006:98) suggest that these are high values, considering that they are an order of
magnitude higher than fertilizer applications in intensively farmed areas.

From a preliminary comparison of nitrogen and phosphorus removal rates from the literature, it is
clear that the range of rates reviewed is broad, both across the studies reviewed in Land et al. (2016)
and within the South African study by Turpie et al. (2010). The review by Land et al. (2016) also
shows that in some cases wetlands can add rather than remove nutrients. Nutrient removal rates are
affected by multiple factors, Table 19 illustrates the diversity of factors affecting nitrogen removal
rates of wetlands.
Table 19: Factors affecting nitrogen removal by wetland systems

Factor

Reference

Loading characteristics
Hydraulic loading rate (HLR)
Concentration and speciation of nitrogen and phosphorus at inlet
Wetland characteristics
Type of wetland (floodplain, hillslope seep etc.)
Size and shape (area, depth, length)
Flow pattern and hydraulic efficiency

Land et al. (2016)
Land et al. (2016)
Land et al. (2016)
Land et al. (2016)
Land et al. (2016)

Hydroperiod

Land et al. (2016)

Age
Sediment/soil type

Land et al. (2016)
Land et al. (2016)
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Oxygen concentration and redox potential
Vegetation type and coverage
Fauna

Land et al. (2016)
Land et al. (2016)
Land et al. (2016)

Management methods and frequency
Surface contact area of water with sediment as well as the duration
of contact
Climate characteristics
Mean temperature
Precipitation
Ice coverage

Land et al. (2016)
Grossman (2012)

Land et al. (2016)
Hoffman & BaattrupPenderson (2007)
Land et al. (2016)

Box 2: Nutrient loading in an agricultural landscape: pathways, processes and effects

Reproduced from Verhoeven et al. (2006:98)
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Wetland rehabilitation costs and benefits
The costs of the wetland rehabilitation are being calculated from the bill of quantities provided in the
rehabilitation and unit costs provided by various sources (including GroundTruth and commercial
quotes).
The replacement cost valuation approach is being used value the water quality enhancement benefit
of the wetland. The approach is discussed in detail in Deliverable 4 of this research project. The costreplacement estimate reflects a lower-bound of the value of the benefit. Strictly, three conditions must
hold for the approach to be valid: (1) the replacement service must be equivalent in quality and
magnitude to the ecosystem service (perfect substitute); (2) the replacement must be the least cost
option of replacing the service; and (3) people would actually be willing to pay the replacement cost to
obtain the service (there would be a demand) Pagiola et al. (2004) (citing Shabman and Batie, 1978).
In this case study, the following points are noted with respect to the three conditions:
(1) Identifying the replacement service (next best alternative) is currently in progress. This involves
identifying the cost of alternative removal and remedial actions should the wetland rehabilitation
not be undertaken. This is being explored through an expert consultation workshop which aims to
answer the question of What is the next best (least cost) alternative to achieving the same
reduction in nutrient load to Midmar Dam as that which is anticipated through rehabilitation of the
Mthinzima Wetland? The Mthinzima Wetland as a risk mitigation (or insurance value) will also be
explored.
(2) See (1) above.
(3) It is assumed that any treatment service provided by the wetland is fully demanded. Given the
global, national and regional objectives to improve water quality (section 2.3) and the
consequences and associated costs of declining water quality (section 2.4) the assumption is
made that there exists a demand to improve the water quality of the Mthinzima Stream,
particularly with the aim of protecting the water quality of Midmar Dam. A similar assumption is
argued by Turpie et al. (2010).
In many applications of the replacement cost approach in respect of the water quality enhancement
services provided by wetlands, water treatment costs (of water treatment plants) are used to
represent the benefit of water quality enhancement services provided by wetlands (Pagiola et al.,
2004). For example, the study by Turpie et al. (2010), used the cost of removal of ammonium
nitrogen incurred by water treatment plants (R26/kg) to value the nitrogen removal benefit of wetland
systems in the South Western Cape of South Africa. However, the authors note that “water treatment
works are designed primarily with the removal of P [phosphorus] in mind (and thus are driven by the
average cost per kg of P removed)” (Turpie et al., 2010:12).

Discussion
Several preliminary points are noted from the progress of the Cost-Benefit Analysis (CBA) of the
proposed Mthinzima Wetland Rehabilitation.
Investigations to date, which have included multiple interactions with various experts, have highlighted
the complexity of the case study, particularly in respect to:
• The ecology of the system – wetland functions & services; water quality constituents &
interactions.
• The connectivity between systems and infrastructure types, e.g. between built and ecological
infrastructure, between ecosystems, between ‘artificial’ and ‘natural’ systems or systems over
time; and isolating the effects of an investment in EI (e.g. wetland rehabilitation), while
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•
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investments in built infrastructure and human capital (e.g. DUCT eco-champs initiative) are
occurring simultaneously.
Modelling and projections, for example eutrophication of Midmar Dam – timeframes and
thresholds and how these are influenced by changes in nutrient loads and the timing of
nutrient loads (e.g. continuous loads and episodic events); trajectory of wetland condition with
and without the rehabilitation (i.e. the scenario of further degradation of the system and the
associated outcomes).
Data – the design and implementation of detailed monitoring programs, baseline data
collection, monitoring, length of monitoring to provide sufficient evidence/confidence,
resources for monitoring;
Economic valuation – valuation methods are underpinned by strict conditions, in this case all
the conditions of the replacement cost approach are unlikely to be met and the validity of the
result must be questioned. What does the evaluation really tell us and is this realistic? In
addition, the study focuses only on one anticipated benefit, water quality enhancement of the
flows of the Mthinzima Stream; this does not address the potential risk mitigation (or
insurance value of the wetlands) in case of failure of the WWTW infrastructure. The extent to
which the wetland could mitigate such a risk is not clear.

A range of expertise are need to unpack and attempt to address these points (e.g. engineering/waste
water treatment works design expertise, wetland ecology, water quality specialists, hydrologists,
limnologists, environmental authorities, etc. and all within the framing of economic principles). This
process needs to go beyond bringing together a range of relevant information, and towards a point of
critical engagement between experts.
In this case, the complexity of the situation and the associated uncertainty, and therefor low
confidence in the results of the CBA, and the use of a cost-based valuation method (which is not a full
reflection of economic value), raises the question of whether conventional CBA is an appropriate and
useful tool in considering the benefits of investing in the rehabilitation of the Mthinzima wetland.
As noted by Fish (2011, 671), the concept of ecosystem services is very ‘young’ and we are a “long
way from appreciating fully the practical needs and consequences of thinking about the natural world
in this way… It is easy to forget just how embryonic and tentative practical understanding of this
concept really is, and in particular what propagating an ecosystem services ‘world view’ of non-human
nature implies for the way we think about governance arrangements for sustainability”.
The final outcomes, conclusions and recommendations from this case study will be reported
in Deliverable 12 (July 2018).
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3.3 Baynespruit Stream: cost-effectiveness analysis of intervention options
The rehabilitation of the Baynespruit Stream is one of the pilot studies of the UEIP project.
The Baynespruit stream is located in Pietermaritzburg (Msunduzi Municipality), KwaZulu-Natal and is
a tributary of the Msunduzi River, which forms part of the greater uMngeni catchment which is utilized
to provide water to the cities of Pietermaritzburg and Durban and surrounding areas The Baynespruit
stream originates in the residential area of Northdale and flows approximately 9 km through the
Willowton Industrial Area before reaching its confluence with the Msunduzi River just east of the
residential community of Sobantu. The upper catchment of the Baynespruit stream consists of highdensity formal residential development; the middle reaches are comprised of numerous trade effluent
regulated industries; high-density formal and informal residential areas and located downstream. The
location of the Baynespruit catchment within the secondary drainage region U2 (into which the
uMngeni Rivers falls) is shown in Figure 19, while Figure 12 shows the location of the Baynespruit
catchment and stream within the Msunduzi Municipal Area.
The Msunduzi Municipality is located along the N3 corridor which links Durban to Gauteng. The
Municipality covers an area of approximately 591 km 2 and consists of 37 wards. It is predominantly
urban to peri-urban in nature, with areas of rural residential (Msunduzi Municipality, 2016). Key
statistics for the Municipal area are summarized in Appendix 6.3.1. A variety of factors which
characterise the Msunduzi municipal area including climatology, geology, topography, soils,
hydrology, biodiversity, sanitation and solid waste, storm water and the socio-economic environment
are presented in Appendix 6.3.1.

Figure 19: Location of the Baynespruit catchment within the secondary drainage region U2, KwaZulu-Natal
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Baynespruit

Msunduzi

Figure 20: Location of the Baynespruit catchment and stream within the Msunduzi Municipal Area, KwaZuluNatal, South Africa

The Baynespruit Stream is regarded as a severally degraded system. Resulting issues include highly
polluted water which limits the in situ use of water due to health impacts, as well as affecting the
downstream system (Msunduzi River) with potential consequences for downstream users (e.g.
abstraction for potable water use and irrigation, river and dam recreation). Key issues relating to the
natural environment within the Msunduzi Municipality are described in the Msunduzi Municipality
Integrated Development Plan for the 2016/17 to 2020/21 period and summarized in Appendix 6.3.1.
The rehabilitation of ecological infrastructure is recognized as an opportunity for addressing these
issues; however extensive development within the municipality and within sensitive areas is identified
as a key threat to harnessing this opportunity.
Several initiatives are underway within the broader Baynespruit rehabilitation project, however no
specific investments in EI have yet been identified; the Msunduzi Municipality has indicated that it is
uncertain about ‘what to do’ with regards to investing in EI within the catchment (uMsunduzi
Municipality, 2016 pers. comm.). This highlights a central challenge: given several management
issues, multiple social goals, limited resources and much uncertainty, how are decisions concerning
investments in EI to be made?
The aim of this case study is to explore opportunities for investing in EI in the Baynespruit catchment
and undertake a cost-effectiveness analysis (CEA) of management options to address water security
related challenges in the catchment. This will provide information that could be used in a multi-criteria
analysis (e.g. financial, environmental, technical, social and political) to inform decisions on investing
in the EI of the catchment. A multi-criteria approach is needed to address the complexity of such
decisions.
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Method
The general evaluation process outlined in section 3.1 and Figure 11 is being followed. In this case, a
specific investment in EI intervention has not been identified and the general aim of the case study
will be to identify and compare potential options. To this end, the following activities are anticipated:
•
•
•

•
•

Establish the water security related issues and objectives in the Baynespruit catchment;
Identify a broad range of potential management interventions (including investment in EI
options) towards achieving these objectives;
Prioritize potential interventions for comparison through a CEA, a criteria-based collaborative
process can be used to prioritize or identify interventions for further analysis (e.g. Reddy et
al., 2015);
Develop scenarios, ranging from ecological infrastructure to built infrastructure interventions;
Apply CEA to compare options.

Cost-effectiveness analysis (CEA) is an economic tool regularly used as a starting point to evaluating
investment options; relative to alternative economic analyses, cost-effectiveness analysis embodies
the least amount of uncertainty. CEA is generally the preferred evaluation technique in situations
where an environmental goal (for example water quality objectives/limits) has already been set and
the least cost means of achieving the objective is sought. Given the severe problems of water quality
in the Baynespruit catchment, we believe that addressing this problem is a necessity; as such a CEA
of options to improve the water quality of the Baynespruit is an appropriate starting point. Identifying
the potential ‘co-benefits’ of each option is also an aim of this evaluation, however subsequent work
would be needed to quantify and value the ‘co-benefits’ of potential management/investment options.
A similar approach as applied in studies by Black et al. (2016), Reddy et al. (2015) and Rao et al.
(2012) will we adopted. Rao et al. (2012) undertook an economic analysis of ecosystem based and
engineering options for climate change adaptation (river flooding and storm surges) in Lami Town,
Republic of the Fiji Islands. The activities

Activities
Contextualisation
Several activities have been undertaken as part of the contextualisation process to establish the
primary water security related issues of the Baynespruit catchment and identify the potential
management interventions that could be implemented to address these issues. The process has
included:
• A review of documents and existing information related to the Baynespruit Stream and
Msunduzi Municipal area (into which the Baynespruit Stream falls), including consideration of
the RQOs for the area and the current state of the water quality of the Baynespruit.
• An extensive role player consultation process with municipal officers, Umgeni Water
representatives (bulk water supplier), local stakeholders (NGO’s), experts, and researchers in
the form of individual meetings and a group workshop (expert consultation). A mind-mapping
exercise was undertaken during the expert consultation workshop identifying the risks and
opportunities associated with the Baynespruit catchment.
• A qualitative assessment of historical land cover change in the Baynespruit catchment (see
Appendix 6.3.2).
The key issues identified are summarized in Table 21 (along with potential management
interventions). In summary:
• The Baynespruit Stream is a highly degraded aquatic system,
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•
•
•
•

It is characterised by poor water quality a ‘seriously modified’ condition
Pathogens (indicated by the presence of E.coli), nutrient loads and heavy metals have been
identified as contaminates of concern,
Flooding and streambank erosion has resulted in damage to property
The Baynespruit is a tributary of the uMsunduzi – greater uMngeni catchment, which is a key
water resource, providing water to the cities of Pietermaritzburg and Durban and surrounding
areas.

Drivers of degradation include:
• Aging sewerage and storm-water infrastructure
• Influx of storm water into sewerage systems
• Industrial pollution - accidental spillages, illegal discharges
• Development - riparian edge, fragmented development pattern, informal settlements
• Inappropriate use and degradation of wetlands and floodplains
• Alien plant species infestations
• Institutional/governance challenges
• Additional drivers and pressures from future population growth, development and climate
change.
Both in terms of the review of existing reports and assessments and from engagement with various
stakeholders water pollution and stream bank erosion are key issues in the Baynespruit Stream, there
is a demand across stakeholders for these issues to be addressed. Ecological infrastructure can play
a role in mitigating water quality and catchment run-off issues; however it’s potential to do so depends
on the specific issues (e.g. nutrient loading, faecal coliform contamination) and the type of ecological
infrastructure (e.g. wetland, even more specifically the type of wetland, or grassland etc.). Based on
the water security related issues in the Baynespruit catchment and the primary human well-being
objectives identified through the contextualisation process, intervention ‘needs’ were identified, Table
20. From this, preliminary potential management interventions were identified with a focus on
ecological infrastructure, Table 21. Some of the proposed interventions are site-specific (i.e.
catchment section) based on the key challenges within the site.
Table 20: Water security related objectives, challenges and intervention ‘needs’ within the Baynespruit catchment

Objectives

Priority

Diverted water

Water Security

Municipal supply: Inanda dam High
– Wiggins WTW

In situ water
Supply of freshwater for e.g.
irrigation, recreation

Moderate

Water damage mitigation
Reduction of flood damage
along & downstream
Baynespruit Stream

Spiritual & aesthetic

Challenges

Intervention ‘needs’

Water quality

Water quality enhancement

Nutrients

Nutrients

Water quality

Water quality enhancement

Pathogens
Toxicants (metals)

Microbial
Toxicants

Water flows
High
Insufficient
information

Flow speed & storage
Storm water
management

Water quality

Flood/peak flow attenuation

Interaction, experiential

The next step is to undertake a prioritization process for selecting specific intervention actions for
comparison through a CEA. A criteria-based collaborative process can be used to prioritize or identify
interventions for further analysis. For example, in considering solutions to water scarcity, Reddy et al.
(2015) prioritized proposed solutions based on an expert scoring process across several criteria
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including expected net benefits, potential for benefits to other stakeholders and ecosystems, impact to
water availability, political and technical feasibility, and alignment with the collaboration goals.
The relationship between each proposed intervention and the objective (e.g. water quality
enhancement, flood attenuation) will need to be established. For example, the expected change in
water quality with each investment option will need to be predicted. This is likely to be challenging and
characterized by uncertainty. Simulation models and tools will be explored to assist with this
determination. Section 0 introduces potential modelling approaches, such as the Resource
Investment Optimization System (RIOS) which aims to support the design of cost-effective
investments in catchments and water-related ecosystem services.
In terms of the costs of the proposed interventions, several elements will be considered, including
capital/implementation, permit/licence/approval, operational, maintenance and monitoring costs. The
expected ‘life’ of each investment option is an important factor. Co-benefits (and beneficiaries) arising
from the various investment options will be identified. Futhermore, the costs of taking ‘no action’ need
to be considered.
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Table 21: Key issues in the Baynespruit catchment and potential management interventions

Key issues &
source

Monitoring
site

E. coli – sewage
surcharges; informal
residential in the
upper catchment

Upper and
middle
section: no
monitoring site
Lower
section:
RBS001,
RBS002 and
RBS003

Heavy metals –
settlement, industrial
areas and probably
quarry mine

Same as
above

Management intervention

Priority service

Upper and middle section:
Sanitation in informal settlement;
sewage infrastructure maintenance.

Water for domestic use,
irrigation, fishing, recreation
(swimming and canoeing)
and spiritual enjoyment
(baptism/traditional rituals);
flood attenuation

Water quality

Same as above

Water for domestic use,
irrigation, fishing, recreation
(public park, swimming and
canoeing) and spiritual
enjoyment
(baptism/traditional rituals);
increase in aquatic
vertebrates (e.g. fish) and
invertebrates species; flood
attenuation
Same as above

Water quality

Lower section: Rehabilitation of
degraded vegetation and
bioretention in settlement and
industrial areas to filter heavy metals
Nutrients –
settlement and
agricultural areas

Same as
above

Upper and middle section:
Rehabilitation of degraded
vegetation, bioretention in settlement
and agricultural areas, and wetland
rehabilitation to filter nutrients
Lower section: Rehabilitation of
degraded vegetation, bioretention in
settlement and agricultural areas,
and wetland rehabilitation to filter
nutrients
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Catchment benefits

Improved water
quality

Lower section: Sanitation in
informal settlement; sewage
infrastructure maintenance; wetland
rehabilitation (UV radiation kills E.
coli in open water body)
Upper and middle section:
Rehabilitation of degraded
vegetation and bioretention in
settlement, commercial and industrial
areas to filter heavy metals

Local benefits

Same as above

Reduced
eutrophication at
Inanda Dam and
reduced aquatic
invasive alien plants
infestation (e.g. water
hyacinth)

Key issues &
source

Monitoring
site

Sediment –
vegetation
degradation,
settlements,
commercial,
industrial and
agricultural areas

Same as
above

Invasive alien plants
(IAPs)

N/A

Management intervention

Priority service

Upper and middle section:
Rehabilitation of degraded
vegetation bioretention in settlement,
commercial, industrial and
agricultural areas to trap sediment
Lower section: Rehabilitation of
degraded vegetation bioretention in
settlement, industrial and agricultural
areas to trap sediment
IAPs management in all sections
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Local benefits

Catchment benefits

Improved water
quality; reduced
sedimentation in
the stream

Increase in aquatic
vertebrates (e.g. fish) and
invertebrates species (e.g.
insects); flood attenuation

Reduced siltation at
Inanda Dam

Improved dryseason base flow
/biodiversity

Same as above; Dry-season
base flow

Increased water supply
for downstream
abstraction/catchment
use;
Water quality (waste
assimilation and waste
dilution)

Key issues &
source
Infrastructure
damage (flooding
and loss of stream
banks) – vegetation
degradation; water
channelling;
conversion of
significant proportion
of catchment to
impervious surface

Monitoring
site
N/A

Biodiversity –
vegetation
degradation

N/A

Management intervention

Priority service

Local benefits

Upper and middle section:
Rehabilitation of degraded areas;
Canalisation of stream in affected
areas and weirs to reduce water
velocity; bioretention in settlement,
commercial and industrial areas;
stream bank stabilization using
Prionium serratum (Palmiet reed);
bioengineering - use of wire mesh
and plants to stabilize stream banks;
water harvesting in commercial and
industrial buildings with large roof
surface area; sustainable urban
drainage options (permeable
pavements)
Lower section: Rehabilitation of
degraded areas; bioretention in
settlement, commercial and industrial
areas; stream bank stabilization
using Prionium serratum (Palmiet
reed); bioengineering - use of wire
mesh and plants to stabilize stream
banks; water harvesting in
commercial and industrial areas;
wetland rehabilitation; sustainable
urban drainage options (permeable
pavements)
SASS5 to assess the stream health;
fauna and flora assessment

Reduced water
velocity, flash
floods, flooding,
stream bank
erosion; improved
water quality
(reduced
deposition of
pollutants into the
stream)

Safe residential area; high
property value; prevent
further damages and loss of
property & property value

Biodiversity
enhancement

Medicinal plants; recreation
and aesthetic value
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Catchment benefits

Sanitation systems
There is a lack of formal sanitation systems in the informal settlements of the Baynespruit catchment.
Formal sanitation can be provided through non-sewered sanitation systems (such as waterless toilet
technology), or through 'formalised' sewered sanitation, alternatively relocation to settlements with
formal sanitation systems can be considered (depending on the capacity of waste water treatment
works to treat faecal sludge) (Pan et al. 2015).
Sewage infrastructure maintenance
Surcharging sewage infrastructure is largely responsible for high E. coli counts in the Baynespruit
Stream. The sewage infrastructure is inadequate and/or poorly maintained in many places (Govender
2016). There is a need to improve the sewage system and address blocked drainage systems
(Ramburran, 2014).
Wetland rehabilitation
Rehabilitation of the degraded wetlands could help to mitigate floods, and improve water quality by
trapping sediment and filtering pollutants. Wetland rehabilitation options in the Baynespruit are being
investigated through an MSc research study (Awuah, 2017).
Bioretention
Bioretention is a vegetation strip (preferably native species) or a low-lying landscaped area that
collects stormwater runoff and infiltrates it into the subsoil thus prompting pollutant removal (Armitage
et al. 2013). Bioretention can be a simple vegetation strip of flowers and lawns around the buildings.
They intercept, spread out and infiltrate stormwater from roofs, impervious surfaces such as parking
lots and arterial roadways, and agricultural land, thus helping to reduce flood peaks (Armitage et al.
2013).
Rehabilitation of degraded areas and IAPs management
Woody and non-woody invasive alien plant (IAP) infestations contribute to land degradation in the
catchment and biodiversity loss. The Duzi uMngeni Conservation Trust (DUCT) has been clearing
Arundo donax in the Baynespruit stream in the lower section of the catchment since 2015 (DUCT,
2017 pers. comm.). The IAPs clearing has the potential to increase water quantity (Ramburran,
2013), but water flow monitoring is needed to validate this claim, and also to quantify the cost-benefit
for DUCT’s clearing efforts.
Stream bank stabilization and canalization
Stream bank stabilization can be achieved using a semi-aquatic species, Prionium serratum (Palmiet
reed). Palmiet reed is regarded as an organic engineering material used for riverbank stabilization,
splitting or channelling river water as required. This species is commonly used for this purpose in the
Western Cape (King 2015). Other stream bank stabilization techniques include, bioengineering, i.e.
the use of wire mesh and grasses to stabilize stream banks. Stream bank stabilization won’t be
applicable to areas that need canalization as a result of severe stream bank loss. In some areas of
the Baynespruit catchment where stream bank loss has resulted in an extensive loss of usable land,
canalisation of the stream has been proposed. A budget of 11 million has been allocated for the
canalisation of Baynespruit stream, and the project is likely to start in 2017 (News24, 2015).
EI interventions to enhance flood attenuation include improved rangeland management (i.e. to
increase basal cover and encourage infiltration rather than overland runoff), creation of off-channel
wetlands to manage stormwater runoff from hardened surfaces and/or concentrated stormwater
outlets (Jewitt et al., 2016). Attenuation ponds alongside roads could direct runoff back into natural
channels, reducing the pressure on storm water drains and decreasing the threat of flash floods”
(SANBI, 2013). Sustainable Urban Drainage Solutions (SUDS) principles are increasing being applied
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in the design of new developments to manage their stormwater run-off (City of Cape Town). SUDS
are water management practices and facilities designed to drain surface water in a more sustainable
manner relative to the conventional practice of routing run-off through pipes or canals to
watercourses. SUDS practices contribute to both preventing pollution and reducing the effects of
stormwater run-off.
Storm water harvesting
Rain water harvesting is now one of the interventions that cities are implementing to address
challenges associated with flooding and water shortages. Rain water harvesting reduces runoff that
chokes drains which often leads to sewage surcharging, reduces flooding of roads and streams,
reduces soil erosion, and provides water supply for domestic use and irrigation (e.g. gardens in the
city, schools and hospitals). The commercial and industrial buildings with larger roof surface area in
the Baynespruit catchment could be used to implement this intervention.

Discussion
The contextualisation process for the Baynespruit case study has highlighted a number of emerging
themes and raised several questions. Several of these are noted below. Further discussion points are
highlighted in the overall conclusion (Section 1.1).
• In considering/identifying EI investment options: identify social, ecological, political, economic
objectives, how can EI opportunities address these needs?
• Opportunities to invest in EI can take various forms (physical, institutional etc.).
• Multiple objectives (social goals) may be complementary or require trade-offs.
• There are challenges in engaging stakeholders, particularly industries within the Baynespruit
catchment there is a need for new/innovative ways to engage different stakeholders;
• This pilot study is about identifying processes for and considerations in identifying and
prioritizing investments in EI.
• 'Proof of Concept' approach, with learnings for scaling-up.
Extent of existing ecological infrastructure
Investing in ecological infrastructure is recognized as an opportunity for addressing water resource
management issues in the Baynespruit catchment (Msunduzi Municipality, 2016; Ramburran, 2013);
however extensive development within the municipality and within sensitive areas is identified as a
significant threat to harnessing this opportunity. Rapid urbanization of the catchment has resulted in
an extensive loss of ecological infrastructure in the catchment. This raises the question of the
operationalisation of the concept of EI in an urban context, given that there is limited ‘existing EI’ left
in the Baynespruit catchment. As a result, actions aimed at improving ecological infrastructure in the
catchment are (a) somewhat limited by a lack of existing EI and (b) likely to be inadequate to address
all the challenges, because the remaining ecological infrastructure does not match the scale of
degrading factors in the Baynespruit catchments. Solutions to addressing the water security related
issues in the Baynespruit are not about either ‘ecological infrastructure’ or ‘built infrastructure’, but
rather about the connectivity and integration of the two.
Urban drainage
Issues related to urban drainage – both damage through stormwater flows and impacts on water
quality – have been raised in the context of the Baynespruit system. The potential for EI to play a role
in mitigating urban drainage issues will be explored. On the other, urban drainage impacts on the
health of ecological infrastructure. This contrast brings to the fore the concepts of ecological tipping
points or thresholds, and critical levels of impact. What is the balance or traded-off between, for
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example, using a wetland to enhance water quality, and thereby changing the ‘natural’ state of the
wetland?
Co-benefits
A CEA form of economic valuation focuses on the costs of different options to achieve the same
objective. A clear gap in this approach is the consideration of ‘co-benefits’. Ecological infrastructure is
recognized as, in most cases, providing more than one benefit. An attempt to address this gap will be
made by exploring the ‘co-benefits’ of the proposed management options, subsequent work would be
needed to quantify and value the identified ‘co-benefits’.
Ecological infrastructure and green infrastructure
By strict definition, ecological infrastructure is seen as already – or ‘naturally’ - existing in the
landscape, although in some cases it might be degraded, and does not include ‘artificial’ (created or
constructed) ecosystems and is therefore, conceptually, distinguished from Green Infrastructure. In
practice, is this separation helpful? In reality, it’s unlikely a case of either or between different ‘types’
of infrastructure, but rather an approach is needed that recognizes the connectivity between them,
how they support or complement each other, as well as considering the different co-benefits and
impacts associated with the different types in a specific context. While more built infrastructure may
be required, it is not necessarily the best or only option in any given situation; similarly while
ecological infrastructure may provide many additional co-benefits it may not be able to adequately
address a specific issue in all situations.
The final outcomes, conclusions and recommendations from this case study will be reported
in Deliverable 12 (July 2018).
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3.4 Conclusions
Emerging questions and themes from the research to date are presented in this section.
Substitutes
The cost replacement valuation approach adopted in the Mthinzima case study raises the issue
comparing ecological infrastructure and built infrastructure and their relationship as substitutes.
EI and chemical water treatment are not perfect substitutes
• Important EI for water quality (options to restore/rehabilitate)?
• How much does their rehabilitation reduce the need for (and therefor cost of) water
purification?
• What are the additional benefits of healthy/restored EI?
• What are the additional benefits of water purification works (e.g. range of contaminants
addressed vs. wetlands)?
Co-benefits
Given the challenges of integrating different types of information and generating projections of future
scenarios and associated impacts, this Section 4 introduces some modelling approaches that could
be useful in informing the economic evaluation of investing in ecological infrastructure.
Connectivity
Ecological infrastructure, green infrastructure and built infrastructure? In reality, it’s unlikely a case of
either or between different ‘types’ of infrastructure, but rather an approach is needed that recognizes
the interactions and connectivity between them, how they support or complement each other, as well
as considering the different co-benefits and impacts associated with the different types in a specific
context.
• To what extent and in what ways does EI prolong the life span of built infrastructure?
• What is the buffering or risk mitigation function of EI (green infrastructure, nature-based
solutions), e.g. insurance against failure of built infrastructure, value of EI as insurance
(reduce the chance of risk in advance)?
• EI and built infrastructure as complements?
Thresholds and regime shifts
What is the balance or traded-off between, for example, using a wetland to enhance water quality,
and thereby changing the ‘natural’ state of the wetland?
From a technical perspective, ecological thresholds and critical ranges have implications for
estimating economic values. Economic value is based on marginal changes over some non-critical
range, when a critical range is reached economic valuation methods are likely to be less robust
(Pagiola et al., 2004; DEFRA, 2011) and marginal concepts of ecosystem valuation are unlikely to
capture the effect of threshold level changes in ecosystems.
Changing value and value types
Another consideration is how the value of EI changes or shifts over time and/or with a changing
context (e.g. a shift from direct value as enhancing water quality to a risk mitigation/insurance value or
option value). How are these relationships or changes captured within an economic framing?
Current understanding & exploratory research
As argued by Fish (2011: 671), the concept of ecosystem services is very ‘young’ and we are a “long
way from appreciating fully the practical needs and consequences of thinking about the natural world
in this way… It is easy to forget just how embryonic and tentative practical understanding of this
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concept really is, and in particular what propagating an ecosystem services ‘world view’ of non-human
nature implies for the way we think about governance arrangements for sustainability”.
Economic valuation methods
Currently the prediction of changes in service supply with changes in condition of EI in SA, is based
on small evidence base in SA. This introduces significant uncertainty into ex ante economic
evaluations. Is ex ante CBA of investing in EI a meaningful undertaking without a more developed
evidence base of the outcomes of such investments?
Valuation methods are underpinned by strict conditions, in the Mthinzima case all the conditions of the
replacement cost approach are unlikely to be met and the validity of the result must therefore be
questioned. What does the evaluation really tell us and is this realistic?
The final outcomes, conclusions and recommendations from the case studies will be reported
in Deliverable 12 (July 2018).
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4 Simulation models
Given the challenges of integrating different types of information and generating projections of future
scenarios and associated impacts, this section explores modelling approaches that could be useful in
informing the economic evaluation of investing in ecological infrastructure.

4.1 Ecological-Economic models
The development of ecosystem service valuation models and tools - which can aid in quantifying the
physical quantity and quality of ecosystem services, their location, and their economic value - is a
recent field and these models and tools are continually being tested and refined. Examples include:
• InVEST,
• ARIES,
• ATEAM,
• EcoMetrix, and
• The Ecosystem Portfolio Model.
Such models are underpinned by several assumptions, which should be made explicit.
InVEST model and RIOS
Water purification by ecosystems is one of the essential ecosystem services to ensure human wellbeing and survival. Governmental and non-governmental institutions involved in water resource
management need information regarding the value of every component of the catchment in water
purification. This information is useful to prioritize the limited conservation resources to the areas that
have a considerable contribution to water purification. The use of decision-making tools in the
prioritisation of conservation resources is now a widely adopted practice by natural resource
managers.
The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model can be a useful tool
to estimate the role of vegetation and soil in water purification through filtering of nutrients. The model
requires the following data; water yield, land use and land cover, nutrient loading and filtration rates,
and water quality standards to determine nutrient retention capacity for current and future land use
scenarios. InVEST also computes the economic value that nutrient retention provides through
avoided treatment costs (Sharp et al. 2014).
Related to the InVEST model is the Resource Investment Optimization System (RIOS). RIOS is a free
and open source software tool that supports the design of cost-effective investments in watershed
services. RIOS can help optimize watershed investments to improve multiple water-related benefits
such as sustaining water supplies, maintaining quality and mitigating flood risks. It can also help direct
investments to simultaneously maximize biodiversity or other social goals. It can also help direct
investments to simultaneously maximize biodiversity or other social goals. The model combines
biophysical, social, and economic data to help users identify the best locations for protection and
restoration activities in order to maximize the ecological return on investment, within the bounds of
what is socially and politically feasible. It aims to address questions such as:
• Which set of investments (in which activities and where) will yield the greatest returns towards
multiple objectives?
• What change in ecosystem services can we expect from these investments?
• How do the benefits of these investments compare to alternate investment strategies.
[Information taken from Vogl et al., 2013 and https://www.naturalcapitalproject.org/ ].
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4.2 Eutrophication model
The Organization for Economic Cooperation and Development (OECD) eutrophication modelling
approach has been used for predicting the trophic response of water bodies to nutrient loads.
The OECD approach is useful in evaluating the impact that various phosphorus management
strategies have on eutrophication-related water quality characteristics (Jones and Lee, 1984).
Walmsley and Butty (1980) found that the model is not applicable to South African water bodies.
However, Jones and Lee (1980) found that Walmsley and Butty (1980) did not include parameters
(i.e. water body mean depth, hydraulic residence time and surface area) that are crucial in describing
the relationship between nutrient load and eutrophication-related water quality characteristics. Jones
and Lee (1980) used the OECD modelling approach for 21 reservoirs in South Africa. The input data
used in the model included mean water depth (m), hydraulic residence time (yr), areal total
phosphorus load (gP/m3/yr) and surface area. The results showed that the South African dams were
within the same family as the US and international OECD water bodies. The OECD model could be
used to evaluate the impact of different phosphorus management strategies may have on
eutrophication-related water quality characteristics in South African water bodies (Jones and Lee
1984). Below is the required input data for the OECD model;
• Areal total P load (gP/m3/yr)
• Chlorophyll (µg/yr)
• Hydraulic residence time (yr)
• Hypolimnetic oxygen depletion rate
• Mean water depth (m)
• Secchi depth (m)
• Surface area.
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6 Appendices
6.1 Supporting information
Classification of Water Resources and Determination of the Comprehensive
Reserve and Resource Quality Objectives in the Mvoti to Umzimkulu Water
Management Area
A study of the Mvoti to Umzimkulu WMA was undertaken to determine the Comprehensive Reserve,
classify all significant water resources and determine the Resource Quality Objectives (RQOs) in the
Mvoti to Umzimkulu WMA (DWS, 2015b). An overview of the main uMngeni Integrated Units of
Assessment (IUA) and PES results are provided briefly below. Specific details from the water quality
status quo assessment are summarized in the Table (DWA, 2013). A map of the uMngeni system
showing the IUAs and resource unit priorities for the determination of the RQOs is provided.
uMNGENI (U2): IUA U2-1: uMNGENI UPSTREAM OF MIDMAR DAM
The IUA Sub Quaternaries (SQs) are mostly in a C and B/C PES.
The main land use activities in the IUA include forestry, cultivation and irrigation. The Mpophomeni
semi-urban is located in the IUA, almost adjacent to the Midmar Dam. Midmar Dam is located at the
lower end of the IUA and there are also a number of small farm and instream dams. The interbasin
MMTS transfers water from the Mooi River System (Mearns Weir and Spring Grove Dam) to the
Midmar Dam catchment (Mpofana River, a tributary of the Lions River that flows into Midmar Dam).
Water is abstracted from Midmar Dam to supply uMsunduzi (Pietermaritzburg) and surrounding areas.
uMNGENI (U2): IUA U2-2: uMNGENI MIDMAR DAM TO ALBERT FALLS DAM
The IUA SQs are in a C and B/C PES, except the Kusane River which is a D due to a combination of
forestry, dams and irrigation impacts.
The IUA is regarded as highly regulated. The main land use activities in the IUA include extensive
forestry, cultivation (sugar cane and other cash crops) and irrigation. Howick town and industrial area
are located in the IUA, just downstream of Midmar Dam. Return flows from the Howick WWTW enter
the uMngeni River affecting both the flow and the water quality.
uMNGENI (U2): IUA U2-3: uMNGENI DOWNSTREAM OF ALBERT FALLS DAM TO uMNSUNDUZE
CONFLUENCE
The main uMngeni is in a B/C PES due to protection of steep river valleys. The northern tributaries of
the uMngeni have a PES of C/D and three tributaries are in a B/C PES. The reach in which Nagle
Dam is, is in an E PES due to the presence of the dam and the flow related impacts downstream of
the dam.
The main land use activities in the IUA include extensive forestry and dry land sugar cane. The main
impacts are dense rural settlements on higher plateaus and on gentle river slopes as well as impacts
due to deforestation, agriculture (erosion, sedimentation etc.). Small towns such as New Hannover
and Wartburg as well as other scattered rural and informal settlements are located in the IUA.
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uMNGENI (U2): IUA U2-4: uMsunduzi
Upstream of Henley Dam the PES is a C, with non-flow related impacts (poor water quality, rural
settlements, sedimentation, overgrazing, agriculture and alien vegetation). Downstream of Henley
Dam through Pietermaritzburg the PES ranges from C to D to E. The E PES is due to poor water
quality, canalisation, inundation, instream barriers and high intensity urbanisation. Downstream of the
E, the river is impacted by poor water quality, rural settlements, informal agriculture, clearing of
vegetation, overgrazing and some erosion
A large portion of the IUA is occupied by the greater Pietermaritzburg urban area and there are also a
large number of semi-urban and rural settlements. Discharges from the Darvill WWTW
(Pietermaritzburg area) enter the uMnsunduze River and affect the flow and especially the water
quality of the river which impacts on the water quality of Inanda Dam.
uMNGENI (U2): IUA U2-5: uMNGENI DOWNSTREAM OF THE uMNSUNDUZE CONFLUENCE TO
INANDA DAM
The SQ reaches in the IUA are in a C and B/C PES.
A large portion of the IUA is rural, with scattered rural villages and subsistence farming activities.
There are a large number of rural settlements located around the Inanda Dam area. Areas in the
upper reaches of the IUA are covered by extensive cultivation (dryland sugar cane) and forestry.
Impacts are flow related (no releases from Nagle Dam) and water quality from the uMnsunduze River.
The water quality of the uMngeni River reduces after the confluence with the uMnsunduze River.
Abstractions are made from Inanda Dam for supplying water to the eThekwini area and the dam is
supported by the upstream dams.
uMNGENI (U2): IUA U2-6: DOWNSTREAM OF INANDA DAM TO ESTUARY
This IUA includes the uMngeni River downstream of Inanda Dam, as well as the Palmiet River
(U20M). RQOs set only for the Palmiet River and the estuary. The Palmiet River reaches a range
between a C and D PES
Impacts are primarily non-flow and water quality related due to the extensively developed catchment
(urban/residential and industrial areas).
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Figure 6.1a Overview of U2 (uMngeni) showing the Integrated Units of Assessment (IUA) and resource unit
priorities for the determination of the Resource Quality Objectives (RQOs).
Source: DWS (2015b) Mvoti to uMzimkhulu Water Management Area, River Resource Quality Objectives.
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Table6.1a Mvoti to uMzimkhulu Water Management Area, River Resource Quality Objectives: water quality details for the uMngeni IUAs
RU

U2-1
uMngeni upstream of
Midmar Dam
MRU uMnA

SQ

U20A-04253

U20C-04275

U20E-04221
U2-2
uMngeni
Midmar dam to Albert
Falls dam
MRU uMnB

U20E-04243

U20G-04240
U2-3
uMngeni downstream
of Albert Falls Dam to
uMnsunduze
confluence
MRU uMnC

U20G-04259

U20G-04385

Comments
Mgeni Vlei in upper reaches, Lake
Lindhurst - trout, bass fishing,
instream dam, chicken houses,
irrigation in lower reaches, AIP
(brambles), off-channel dam for
irrigation in U20B.
Small mouth bass, otters, cultivation,
AIP in riparian zone, cattle grazing,
bottom 2/3 in Midmar Dam
Morton's Drift, cultivation, mostly
sugarcane, lower 5% in Albert Falls
Dam
Upper part in Midmar Dam, Howick,
industrial, Howick falls, Howick
WWTW, AIP in riparian zone, informal
areas, dryland agric. Sakabula
Stream and Riet not digitised.
Flow hydrograph reversed, feedlot,
crocodile farm, chicken farms,
cultivation, high nutrients, dams in
tributaries
Cultivation, feedlot, AIP in rip zone
(mulberry, privet, gums), sand mining,
reverse confidence

WQ users
Agriculture; chicken
farms; dairy and
piggeries; hiking,
camping, climbing
and fishing in upper
reaches

Irrigation; urban
(Howick, incl.
WWTW; U20E04243))

Feedlots; sandmining; AF South
WWTW; timber
processing;
extensive poultry
farming + Argyle
Chickens Abattoir;
veg production and
nurseries; crocodile
farms.
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WQ variables

Water quality RQO (narrative)

Nutrients, faecal
coliforms

Ensure that nutrient levels are within acceptable
limits.
Ensure water quality state maintains biotic
requirements as specified by RQOs for biota.
Meet faecal coliform and E. coli targets for
recreational / other (full or partial contact) use.

Nutrients, toxics
& faecal
coliforms
(U20E-04243)

Ensure that nutrient levels (phosphate) are within
Tolerable limits.
Ensure that nutrient levels (TIN) are within
Acceptable limits.
Ensure that toxics are within Ideal limits or A
categories.
Ensure water quality state maintains biotic
requirements as specified by RQOs for biota.
Meet faecal coliform and E. coli targets for
recreational / other (full or partial contact) use.

Nutrients,
turbidity, faecal
coliforms, toxics

Ensure that nutrient levels are within Tolerable
limits.
Ensure that turbidity or clarity levels stay within
Acceptable limits.
Ensure that toxics are within Ideal limits or A
categories
Meet faecal coliform and E. coli targets for
recreational / other (full or partial contact) use

Table 6.1a continued
RU

SQ

U2-4
uMsunduzi
MRU Duze A

U20H-04449

U20J-04364

U2-4
uMsunduzi
MRU Duze B
U20J-04401

U2-4
uMsunduzi
MRU Duze C

U2-4
uMsunduzi
MRU Duze D

U20J-04391

U20J-04459

Comments
Edendale Valley, low density
settlements, subsistence farming,
instream dams, chicken farms,
overgrazing, abandoned land highly
eroded, old forestry areas, AIP
Campsdrift, weir without fish ladder,
industries, stormwater runoff, urban, road
crossings, Dorpspruit, settlements,
WWTW (Darvill) return flows,
Baynespruit (pollution), oil industry,
chicken farms .

Waterfall, some AIP in riparian zone,
settlements/semi-urban, subsistence
farming on floodplain, small tributaries
carrying solid waste, settling ponds,
tanneries, end of reach in Campsdrift.

Alien aquatic weeds (hyacinth, water
lettuce), cultivation - run-of-river, return
flows from WWTW (Darvill), road
crossing, communal lands

Rural - communal lands, erosion, return
flows of Darvill WWTW

WQ users

WQ variables

Water quality RQO (narrative)

n/a

n/a

n/a

Pietermaritzburg
urban + industrial
impacts (incl. Darvill
WWTW);
settlements;

Nutrients, salts,
toxics, turbidity,
dissolved oxygen,
faecal coliforms

Upstream water
quality impacts,
sand-mining, poultry
farming

Turbidity,
nutrients, faecal
coliforms

Upstream water
quality impacts,
sand-mining

Turbidity, faecal
coliforms
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Ensure that nutrient levels (phosphate)
are within Tolerable limits
Ensure that periphyton chl-a levels are
within Tolerable limits.
Ensure that electrical conductivity (salt)
levels are within Ideal limits.
Ensure that turbidity or clarity levels stay
within Acceptable limits
Ensure that toxics are within Ideal limits
or A categories
Ensure that ammonia levels are within
Tolerable limits
Ensure that dissolved oxygen levels are
within Tolerable limits.
Ensure water quality state maintains
biotic requirements as specified by
RQOs for biota.
Meet faecal coliform and E. coli targets
for recreational / other use
Ensure that turbidity or clarity levels stay
within Acceptable limits.
Ensure that nutrient levels (phosphate)
are within Tolerable limits.
Meet faecal coliform and E. coli targets
for recreational / other (full or partial
contact) use
Ensure that turbidity or clarity levels stay
within Acceptable limits.
Meet faecal coliform and E. coli targets
for recreational / other (full or partial
contact) use

Table 6.1a continued
RU

SQ
U20L-04435

U2-5
uMngeni downstream
of the uMnsunduze
confluence to Inanda
Dam

U20M-04396

MRU uMn D

U20M-04639
U2-6
uMngeni downstream
of Inanda Dam to
estuary
RU uMn10

U20M-04642
U20M-04649
U20M-04653
U20M-04682

Comments
Mainly flows from Duzi due to operation
of Nagle Dam. Rural settlements - local
impacts on riparian zone, AIP, gauging
weir

Road crossings, road along river, ext
hyasinth, sand mining. Inanda Dam in
middle reach, small release. Return flows
from WWTW into lower part of this reach.
Lower part of reach urban then into
estuary.

Residential area, road crossings
Residential area, road crossings,
industrial area in middle reach,
numerous road crossings, stormwater
Residential area, road crossings
Highway crossing, golf course, AIP in
riparian zone

WQ users

Settlements +
associated sewage
systems; sandmining; quarries;
Maphephetwa and
Northern WWTWs;
urban

Urban (residential +
limited industrial)
impacts; septic tanks
+ unsewered areas;
hiking (Palmiet); New
Germany WWTW
(Palmiet).

Residential, Palmiet Nature Reserve,
abandoned quarry, road crossings

Source: DWS (2015b) Mvoti to uMzimkhulu Water Management Area, River Resource Quality Objectives
Note: IUA - Integrated Unit of Analysis, SQ - Sub Quaternary
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WQ variables

Nutrients, faecal
coliforms,
turbidity, toxics

Nutrients, toxics,
salts, faecal
coliforms

Water quality RQO (narrative)
Ensure that nutrient levels (phosphate)
are within Tolerable limits.
Ensure that periphyton chl-a levels are
within Tolerable limits.
Ensure that turbidity or clarity levels stay
within Acceptable limits.
Ensure that toxics are within Ideal limits
or A categories*
Ensure water quality state maintains
biotic requirements as specified by
RQOs for biota.
Meet faecal coliform and E. coli targets
for recreational / other (full or partial
contact) use
Ensure that nutrient levels (phosphate)
are within Tolerable limits.
Ensure that periphyton chl-a levels are
within Tolerable limits.
Ensure that toxics and salt levels are
within appropriate limits for intended use,
e.g. industrial use
Meet faecal coliform and E. coli targets
for recreational / other (full or partial
contact) use

Phosphorus and chlorophyll levels over time, impoundments of the uMngeni
Catchment (DWS, 2017)
Midmar Current Trophic Status:

Chlorophyll a - Oligotrophic

Phosphorus - Mesotrophic

Henley Current Trophic Status:

Chlorophyll a - Oligotrophic

Phosphorus - Eutrophic
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Albert Falls Current Trophic Status:

Chlorophyll a - Oligotrophic

Phosphorus - Mesotrophic

Nagle Current Trophic Status:

Chlorophyll a - Oligotrophic

Phosphorus - Mesotrophic
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Inanda Current Trophic Status:

Chlorophyll a - Oligotrophic

Phosphorus - Mesotrophic

Hartbeespoort Current Trophic Status:

Chlorophyll a - Hypertrophic

Phosphorus - Hypertrophic
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6.2 Mthinzima Stream case study
Student progress report

Project name

Cost and Benefit Analysis of investments in wetland rehabilitation: A
case study of Mthinzima wetland feeding Midmar Dam, KwaZulu
Natal, South Africa by Nothando Buthelezi

Location

Study area is in Mpophomeni, KwaZulu Natal

Grant No.

WRC 2354

Reporting

June 2016 -2017

period
Report

Nothando Buthelezi

compiled by
Date submitted

July

Research Summary

The water quality of the Midmar Dam continues to decline, as a result of the current land use
activities and associated impacts such as the Mpophomeni settlement, agriculture and
emerging threats from the potential Khayalisha social housing project. The study area is part
of the upper uMngeni River Catchment draining into Midmar Dam in the KwaZulu-Natal
province of South Africa. The Upper uMngeni System, is the main water supply to different
districts within uMgungundlovu, Msunduzi and eThekwini (Outer West) municipal areas
(van Deventer, 2012). The amount of water demanded per day was estimated to be
268Ml/day.
The Mthinzima wetland is located in Mpophomeni settlement; it is a 6000 unit settlement that
was developed in the 1960s. The Mpophomeni development was poorly planned as there
should not have been a large development near a water resource (Felton, 2016). This is
because human development impacts would pose threats to the water resources in the area.
The Mthinzima River flows adjacent to the settlement where it joins the Hlanga tributary that
dissects Mpophomeni, after which it flows under the district road (R617), through a wetland
system and into Midmar Dam.
The Mthinzima stream is a relatively small watercourse that feeds into the Midmar Dam, it
forms one of the most important small streams that flows through the KwaZulu-Natal
Midlands (van Deventer, 2012) and feeds into the Midmar Dam that supplies water to one of
the largest economic hubs in the country. Mthinzima’s water quality is very good, it seeps
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into the streambed from a relatively pristine catchment. As the Mthinzima stream flows to the
Midmar Dam it picks up large volumes of raw sewage which trickle down into the stream
from some of the poorly serviced townships that have been built on the surrounding hillsides
(South African National Biodiversity Institute (SANBI), 2015). High levels of E. coli were
measured in the Mthinzima Stream draining into Midmar Dam, the E.coli counts were above
safe levels for human contact with water in 2009 (Ground Truth, 2012).
The main sources of pollution in the Mpophomeni area where the Mthinzima wetland is
located are solid wastes in and around water courses, damaged and insufficient sewage
infrastructure, surcharging sewage manholes, river bank erosion (van Deventer, 2012), raw
sewage flowing directly to watercourses and a severe solid waste problem with solid waste
spread all over the catchment (Ground Truth, 2012). Due to this high level of pollution some
residents in homes close to the manholes complained about the smell and their children often
suffering from diarrhoea, rashes and sore eyes, others sold their homes and relocated
(News24, 2009). The cause of surcharging manholes and blockages may be a result of the
available sewage infrastructure operating beyond its design capacity.
Aim and Objectives

Economic valuation of wetlands is important as it can justify and set priorities for programs,
policies and actions that may protect and rehabilitate them (King and Mazzotta, 2000).
Economic valuations give basis for measuring and comparing the various benefits from
wetlands and the costs associated with their conservation, economic valuations assist in the
understanding of user preferences and relative values placed on ecosystem services (De Groot
et al., 2012). The main aim of this study is to conduct a cost and benefit analysis (CBA) of
the rehabilitation of the Mthinzima wetland which feeds into Midmar Dam in Mpophomeni.
The CBA will focus on wetland ecosystem services associated with water quality as water
quality is the main concern in the study area.
Literature Review

Some measures of reducing nutrient pollutant substances in water are livestock reduction and
wetland restoration, may reduce both Nitrogen and Phosphorus nutrients. Nutrient pollution
is caused by excessive Nitrogen and Phosphorus in the water. Nitrogen and Phosphorus
support the growth of algae and aquatic plants, when excess Nitrogen and Phosphorus enters
water through human activities, the water becomes polluted. This is because excess Nitrogen
and Phosphorus causes algae to grow faster resulting in algal blooms. These measures reduce
the load of one of the nutrient while the load of the other nutrient is also reduced at no charge
(Gren et al., 1997). This implies that the above measures of nutrient reduction are relatively
less costly for simultaneous Nitrogen and Phosphorus reductions compared to when they are
individually being reduced. Reducing cattle grazing and wetland rehabilitation in the
Mthinzima Stream would reduce nutrient loads flowing into the Midmar Dam from
Mthinzima.

91

Wetlands provide a stream of services such as reducing excess nutrients, pathogens,
sediments and other contaminants, though it is often difficult to value the stream of benefits
provided by wetlands (Turpie et al., 2010). Knowledge of the value of wetlands and their
services would successfully bring about the equilibrium between conservation and other
development or human activities that degrade or in other cases replace wetlands (Turpie et
al., 2010). Certain past valuation studies have lacked information on how wetlands can
improve water quality passing into systems downstream (Turpie et al., 2010).
A study undertaken in the South Western Cape of South Africa estimated the water treatment
capacity of wetlands on a landscape scale approach and estimated the economic value of the
wetland. The study’s focal point was on nutrient reductions (Nitrogen and Phosphorus) and
suspended solids. A replacement cost approach was used to value the water treatment
capacity of wetlands. Turpie et al. (2010) found the estimated removal rates of nutrients to
have ranged from 307 to 9,505 kg N per ha -1 year-1, with an average of 1,594 ± 1,375 kg N
per ha-1 year-1.
Key Interviews and activities

A few interviews have been held with members involved in the project to get more insights
on the project and to get a better understanding of the whole project background. The first
meeting was with Ian Felton from the uMgungundlovu District Municipality. The meeting
was to get an understanding of the decision to rehabilitate the Mthinzima wetland and the
building of the new engineered infrastructure simultaneously. We were informed that the
decision was based on past studies undertaken that estimated the Midmar Dam to be
eutrophic by 2018. It was also based on public perceptions that the water quality in the
Midmar Dam was declining due to sewage waste that flows into Midmar Dam from the
Mpophomeni area.
A second interview was held again with Ian Felton whereby we further discussed the wetland
rehabilitation and the proposed engineered Waste Water Treatment Works (WWTW), the aim
of the meeting was to try and identify opportunities for wetland benefits after rehabilitation
given that the all sewage is piped to the WWTW. One of possible opportunities for the
wetland rehabilitation is risk mitigation in times of failure of the Mpophomeni sewage
infrastructure.
A meeting with Brad Graves from Ground Truth was held to get an understanding of the
what, why and the importance of wetland rehabilitation. We also got a better understanding
of the whole wetland rehabilitation plan, land capability in the area and land ownership
information. Information on the spec of the WWTW was gathered from an uMngeni
engineer. Ethical clearance was granted on the 26th of January 2017. The tables below
describe the activities achieved (Table 1), in progress (Table 2) and planned activities (Table
3).
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Table 1: Focus Group Meeting
Status

Achieved

Objective

Focus Group Meeting

Activity dates

13 February 2017

Purpose

To get a justification from various experts on the future scenario/ impact
on Midmar Dam should everything in the Mthinzima remain unchanged.
The outcomes of the focus group were to also motivate the projects
assumption that water needs to be treated/purified before it reaches
Midmar Dam

Outputs created

The conclusion was that if everything is left unchanged, Midmar Dam may
turn eutrophic in the near future. Therefore it is a valid assumption to
assume that water needs to be treated/purified before it reaches Midmar
Dam as it is an important water source

Way Forward

Table 2: Planned Focus group Meeting
Status

In progress

Activity

Focus Group Meeting

Activity dates

Planned: 20 July 2017

Progress

Inviting various experts for participation

Objective

Identifying alternative methods of reducing nitrates in water before
reaching the Midmar Dam

Table 3: Data Collection
Status

In progress

Activity

Gathering data
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Activity dates

Planned: On-going

Progress

Interviews with municipality officials and various engineers

Objective

To gather costs and benefits of wetland rehabilitation

The next step after the focus group meeting and data collection is conducting the cost and
benefit analysis. This activity is planned for the end of July 2017. Different methods were
used to estimate the real social discount rate for South Africa, Luus and Mullins (2008) found
that most of these estimates ranged between 8.4% and 9.6% in real terms. When using
historical per capita income and expenditure data for South Africa and global empirical
research on pure discount rates, a Social Time Preference Rate method (STPR) of 8.35% was
found. A real discount rate of 8% is the best to use as this is the discount rate used in project
evaluations in the public sector, therefore it seems appropriate to retain 8 percent as the
applicable discount rate for South Africa. The 8% discount rate would also be closer to the
theoretically argued and calculated rates based on opportunity costs and time preferences
(Mullins, 2014). From the above motivation, this study will use an 8% discount rate in
valuing the Net Present Value of investment in wetland rehabilitation. A lower discount rate
of 5% and 3% will also be used to compare results.
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Wetland rehabilitation details

Mpophomeni WWTW Wetland Rehabilitation
Upstream of road R617

Wetland rehabilitation as part of the Condition of the Record of Decision for the development of new
waste water treatment works infrastructure. Wetland areas associated with the WWTW and
sewerage pipeline infrastructure. (GroundTruth, 2014a,b).

Mthinzima Stream Wetland Rehabilitation
Downstream of road R617

Wetland rehabilitation proposed to ensure consistency of the rehabilitation strategy for the entire
Mthinzima Stream wetland complex (GroundTruth, 2015).
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Table 6.2a Summary of Mthinzima wetland characteristics and wetland rehabilitation plan (GroundTruth, 2015)

Mthinzima Stream Wetland, downstream of road R617 Rd
Land owner
Reason/motivation
Primary intention
Aim
Objective
Wetland
type/description
NFEPA
PES
Area of wetland habitat
Functional area (ha
equivalents)

Degradation drivers

Historical
characteristics
Water inputs

Rehabilitation strategy

Interventions
Ecosystem response
time
Ecosystem services

Zenzele Trust
Ensure consistency of the rehabilitation strategy for the entire Mthinzima
Stream wetland complex
Optimise ecosystem services associated with water quality enhancement,
ultimately contributing towards the protection of the water resources within
Midmar Dam directly downstream of the study site.
Enhance ecosystem services, specifically those associated with water
quality
Secure and improve the overall functioning of the system, restoring the
hydrological conditions of the wetland and promoting seasonal to
permanent wetland conditions
Channelled valley-bottom wetland, the channel within the valley bottom is
moving laterally over time,
Yes, ‘C’ condition
‘D’ (4.6)
Largely modified. A large change in ecosystem processes and loss of
natural habitat and biota has occurreda.
Expected to improve to a ‘C’ with rehabilitation.
98 ha
Current 55.44 ha (56%)
Gain with rehab 10.78 ha (12 % improvement)
The soils and vegetation in the site have been highly disturbed by historic
agricultural practices and the roads traversing the wetland
• Contaminated water discharging into the wetland;
• Intensive grazing by livestock;
• Alteration to water flow and erosion in the system’s catchments;
• Encroachment of alien invasive vegetation;
• Channel Straightening; and
• Excavation of artificial drainage channels.
Had floodplain characteristics, sinuosity of the channel used to be greater
Fed by a combination of water inputs, i.e. overtopping of the stream
channel, the feeding of the system by artificial drainage systems
associated with the upstream sewage infrastructure, and lateral water
inputs
Altering the hydrological conditions of the wetland: re-distribute low flows
– currently largely confined to the channel - across the surface of the
wetland
• divert a proportion of the base flows out of the existing channel and
drains
• manage flows re-entering
• re-shaping to promote diffuse flow
5 structural interventions, 5 earthen structures,13 earthen berms
Excavated open water area
Off-take pipe, reshaping
Alien plant removal & re-planting
Within 3 years of implementation
Increased effectiveness particularly for nitrate and toxicant removal,
sediment trapping and erosion control.
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Dis-benefits

Monitoring

Reduced grazing opportunity due to limited accessibility in the wet season
Recommended
• Water quality monitoring (upstream, downstream and at appropriate
point sources) before, during and post-construction
• WET-Health and WET-EcoServices assessments
• Hydrological monitoring (flow)

Notes: a During the stakeholder engagement process it was questioned whether all or some of the wetland area
shouldn’t be considered as artificial wetland, i.e. it was felt that at least some of the wetland area had developed
in response to a new flow path created from outflows of the existing waste water treatment works infrastructure
as a result of natural seepage, pump station failure and storm flows.

Road R617

Figure 6.2a Overview of the wetland rehabilitation strategy for wetland U20C_02, and its link to the upstream
strategy for wetland U20C_01. (GroundTruth, 2015).
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Land cover change in the Mthinzima catchment
This study assessed change in land cover patterns in the Mthinzima catchment from the year 1929 to
2016. Due to the nature of historical aerial photographs, we divided the Mthinzima catchment into two
sections (Figure 6.2b). Socio-political drivers behind land cover change over the years were
commercial agriculture and forestry, settlement development and cattle grazing (Figure 6.2c).
Between 1929 and 1960s, the main socio-political drivers of land cover change were commercial
agriculture and forestry, and then the Mpophomeni settlement was developed in the 1960s. From the
1960s to present, settlement development increasingly became be the main driver of land cover
change. For example, the current area occupied by the settlement is 577 ha while agriculture has now
occupied 159 ha (Deventer 2012).

Figure 6.2b Mthinzima catchment area, the upper section within a green polygon and the lower section within a
red polygon.
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Figure 6.2c The Mthinzima catchment land cover change and drivers from 1929-2016 (see Fig.6.2b for
catchment sections).
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6.3 Baynespruit Stream case study
Site description
Table 6.3a: Summary of key statistics of the Msunduzi Municipality

Total population
Number of households
Average household size

618 536
163 993
3,6

Population growth rate (2001 – 2011)
Male : Female
Female headed households
Unemployment
Flush toilets connected to sewerage
Weekly refuse removal

1,12% p.a
46 : 55
45%
33%
51.6%
53.2%

Piped water inside dwelling
Electricity for lighting

47.9%
91.9%

Source: Msunduzi Municipality (2016), based on Census 2011 data.
Table 6.3b: Characteristics of the Msunduzi Municipal area

Characteristics
Climatology
MAP (mm): 900 – 999 per annum
Average temperature (0C): 24.8
Topography
Altitude: 495 -1795 m.a.s.l
Slope: West to East
Land use
Urban to peri-urban in nature, with areas of rural residential.
Grasslands – 32% of land, settlement purposes 29%, which includes formal
settlements (14.8%), traditional settlements (14.1%) & informal settlements (0.5%)
(Msunduzi Municipality, 2016).
16 parks and 133 open spaces - maintenance of these facilities has been
problematic.
Within the Baynespruit catchment there are areas of formal residential, informal
residential and industrial. Four Wards surround the Baynespruit stream, 28,30, 31,
35; Ward 30 is one of the wards within the area with the greatest population
(Msunduzi Municipality, 2016).
Geology
The municipal area is dominated by sedimentary rocks of the Ecca Group and
Dwyka Formation. These sediments are intruded by Jurassic post-Karoo dolerite
sheets, dykes and sills which outcrop across the municipal area. Thus, the
relationship between the slope and geology in the municipal area is regarded as
complex.
Soils and
According to Ramburran (2014), the soils within the municipal area vary
Vegetative
significantly.
Cover
Northdale: The vegetative cover comprises of Moist Coast Hinterland Ngongoni
Veld, with soils which are acidic and leached.
Willowton: The vegetative cover comprises of Dry Coast Hinterland Ngongoni
Veld.
Sobantu: The vegetative cover comprises of Coast Hinterland Thornveld.
Hydrology
Runoff (mm): 150 – 199 mm per annum
Rivers in the municipal area form part of the riparian corridors that may be
vulnerable to flooding (Ramburran, 2014).
Wetlands have been transformed and are currently degraded as a result of
inappropriate land use and inadequate catchment management (Ramburran,
2014).
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Biodiversity

Solid Waste
and
Sanitation

Storm Water

Social
Environment

Cultural
heritage
Economic
Environment

Informal
economy
Governance

There are diverse habitats and species richness within the municipal area, for
example, 56 animal species, 20 plant species and 8 vegetation types. However,
due to anthropogenic transformations, there is a major loss of biodiversity,
especially in the Baynespruit River (Ramburran, 2014).
Solid waste is disposed of at the New England Road landfill. However, this site
may soon reach its carrying capacity. Illegal dumping poses a threat to storm
water and sewer reticulation in addition to the water quality of water sources such
as the Baynespruit River. The sanitation network requires replacement and
upgrading of infrastructure along the middle reaches of the Baynespruit River.
The expansion of high-density settlements has given rise to hardened surfaces
which increase storm water runoff. Thus, the risk of downstream (i.e. the Sobantu
community) flooding and transportation of numerous constituents has increased
over time.
Rapid population growth has resulted in the inappropriate development and land
degradation. Furthermore, the municipality has insufficient resources and capacity
to provide the required services to these expanding high-density settlements,
which results in a poor standard of living in the area.
An average of 60% of Msunduzi households are considered food insecure
(Msunduzi Municipality, 2016).
Trends in the Gino coefficient suggest increasing inequality (Msunduzi
Municipality, 2016).
646 heritage resource points, and 32 heritage resource zones, consisting of
architectural resources, archaeological resources, as well as historical and cultural
resources (Msunduzi Municipality, 2016).
The key economic drivers within the LM in 2014 were Community Services
(28.6%), Finance (18%), Manufacturing (15.4%) and Trade (14%).
The manufacturing sector is considered important by the Municipality and several
opportunities have been identified for further development and growth for the
sector. The municipality has plans to release additional land for industrial growth
(Msunduzi Municipality, 2016).
Tourism contributes to the economy of the area, particularly in the form of a
number of major sporting and cultural events, such as the Comrades Marathon,
Midmar Mile, Duzi Canoe Marathon and the Mountain Bike World Cup. These
events lead to directed cash-injections into the economy and have positive impact
on the local tourism establishments (Msunduzi Municipality, 2016).
Most informal businesses in Msunduzi are low-income generating operations that
are typically survivalist. Retail trade and community services are the predominant
sectors of informal sector activity (Msunduzi Municipality, 2016).
The Msunduzi has many role-players that collectively influence and determine the
state of the environment in the area. They are comprised of National, Provincial
and Local government, Traditional authorities, Civil society groupings and the
scientific community (SRK, 2010). The total area for which Msunduzi has
jurisdiction increased dramatically with the creation of wall to wall municipalities.
The capacity within the municipality did not however increase proportionately to
deal with this greater responsibility. There has been an overall and significant
decrease in the municipality’s capacity for environmental governance (SRK, 2010).
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Table 6.3c: Key issues relating to the natural environment within the Msunduzi Municipality

KEY ISSUES RELATING TO THE NATURAL ENVIRONMENT
• Clearing of alien-invasive plants as they impact on biodiversity, agricultural land productivity, and
water quality and supply; also a legal requirement, as the Municipality is a land owner
• Loss and degradation of key wetlands due to urban sprawl, overgrazing, poor sewerage and
waste water management
• Litter and illegal dumping in and around urban areas
• Pollution of natural water courses
• Flood risk heightened due to climate change impacts and degradation of natural environment
• Seasonally high air pollution levels caused by inversion layer, as well as through industry,
agriculture emissions and vehicular emissions
• Compliance with international and national carbon reduction targets
• The need to mainstream climate change into municipal functions, and for the Municipality to
proactively adapt to the changes brought about by climate change
• A need for urban greening and indigenous planting programmes in the CBD, and in new
commercial, industrial, and residential developments
• The need to rehabilitate degraded land caused by inappropriate land uses
• Loss of strategically located agricultural land to urban sprawl
• The need to identify communities that are at risk of environmental impacts
• High levels of noise, impacting on the social environment
• Limited institutional capacity within the Municipality to deliver on the legal mandate and priority
action plans emanating from the Strategic Environmental Management Plan.
• A need for greater public participation in environmental matters
• A need for greater public access to environmental policies and plans
• A need for training of Councillors, officials, and the public on principles of sustainable
development
STRENGTHS
WEAKNESSES
• Functional GIS spatial analysis system
• Qualified staff registered with professional
bodies
• Good co-operative governance with other
spheres of government
OPPORTUNITIES

• Lack of vehicles
• Lack of human resources – environmental
• Management Unit currently consists of 1
permanent and 6 contract staff

• The SEMP has a number of action plans
• Environmental education & training
• Rehabilitation of ecological infrastructure

• Development in sensitive areas such as
riparian areas
• Lack of budget

THREATS

Source: Msunduzi Municipality Integrated Development Plan for the 2016/17 to 2020/21
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Land cover change in the Baynespruit catchment
Changes in land-cover patterns in the catchment area alter the hydrological cycle and impact water
quality. This activity assessed change in land cover patterns in the Baynespruit catchment from the
year 1929 to 2016 using historical aerial photographs. Due to the nature of historical aerial
photographs, we divided the Baynespruit catchment into three sections (Figure 6.3a). Socio-political
drivers behind land cover change over the years were agriculture, forestry, settlement, industrial and
commercial areas development (Figure 6.3b). In the 1940s, settlements started to expand, resulting in
a decline in forestry while commercial and industrial development, and quarry mining started in the
1970s. In the 1980s, below the R33 Greytown Road, the Baynespruit stream was diverted from its
natural course and channelled. The recent main socio-political driver of land cover change in the
catchment is settlement. This assessment contributes to the identification of water-related issues and
potential management interventions within the catchment to reduce ecological and socio-economic
challenges caused by land cover changes.

Figure 6.3a (Fig. 1): The Baynespruit stream catchment sections (upper section – red colour, Middle section –
blue colour and Lower section – green colour) and water quality sampling points (RBS001, RBS002 and
RBS003).
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Time line

1929

Socio-political
drivers

Land cover
types

Upper section: Grassland;
forestry
Middle section: Grassland;
forestry
Lower section: Grassland;
forestry; settlement (Sobantu
township);
Baynespruit flowing in its original
course

1941

Upper section: Grassland;
forestry
Middle section: Grassland;
forestry;, settlement
Lower section: Grassland,
forestry; settlement
Baynespruit flowing in its original
course

1973

1988

2003

2010

Upper section: Grassland;
forestry; settlement
Middle section: Grassland;
forestry; settlement; commercial
and industrial areas
Lower section: Grassland;
forestry; agriculture; settlement;
industrial areas
Baynespruit flowing in its original
course

Upper section: Grassland; forestry;
settlement
Middle section: Settlement;
commercial and industrial areas
Lower section: Settlement;
industrial area

Upper section: Grassland; trees
(native or exotic?); settlement
Middle section: Settlement;
commercial and industrial areas
Lower section: Settlement;
industrial area; subsistence farming

Upper section: Grassland patches;
invasive alien trees; settlement
Middle section: Settlement;
commercial and industrial areas
Lower section: Industrial;
settlement; subsistence farming

2016
Upper section: Grassland; invasive
alien trees; settlement
Middle section: Settlement;
commercial and industrial areas
Lower section: Settlement;
industrial area; subsistence farming

Upper section: Forestry
Middle section: Forestry
Lower section: Forestry;
settelement development

Upper section: Forestry
Middle section: Forestry; settlement
development
Lower section: Settlement
expansion

Upper section: Forestry reduction;
settlement development
Middle section: Forestry reduction;
settlement expansion; commercial
and Industrial development
Lower section: Forestry reduction;
agriculture; settlement expansion;
industrial development; quarry mine

Upper section: Forestry reduction;
settlement expansion
Middle section: Settlement;
commercial and industrial
expansion
Lower section: Settlement
expansion; industrial and quarry
mine expansion
Baynespruit channelized

Upper section: Forestry reduction;
settlement expansion
Middle section: Settlement ,
commercial and industrial
expansion
Lower section: Settlement;
commercial and industrial
expansion; subsistence farming
along the stream

Upper section: Informal settlement
development
Middle section: Informal settlement
deveolpment
Lower section: Industrial expansion;
informal settlement development;
subsistence farming expansion

Upper section: Informal settlement
expansion
Middle section: informal settlement
expansion
Lower section: Infromal settlement
and industrial expansion;subsistence
farming expansion

Figure 6.3b: The Baynespruit catchment land-cover change from 1929-2016.
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Baynespruit catchment
sections

Key ecological and socioeconomic challenges

Upper section (Fig. 1)

Loss of vegetation
cover, invasive alien plants, lack
of sanitation in informal
settlement, flooding due to
impervious surface and water
channelling, damage to built
infrastrucutre

Middle section (Fig. 1)

Loss of vegetation cover;
invasive alien plants; lack of
sanitation in informal
settlement; poor water quality:
heavy metals, nutrients (from
commercial , industrial and
residential areas) and sewage;
flooding due to impervious
surface and water
channelling, damage to built
infrastructure, sedimentation

RBS001
E. coli
Copper
Turbidity

Loss of vegetation cover;
invasive alien plants; lack of
sanitation in informal
settlement; poor water quality:
heavy metals, nutrients (from
commercial , industrial and
residential areas, and quarry
mine) and sewage; flooding due
to impervious surface and
water channelling, damage to
built
infrastructure, sedimentation

RBS002
E. coli
Ammonia
Copper
Nitrate
Phosphorus
Turbidity

Lower section (Fig. 1)

Water quality issues per
monitoring point

No monitoring
point

Water quality data collection dates per monitoring
point
RBS001: E. coli, Turbidity (January 2012-December
2016); Heavy metals (June 2015-June 2016)

RBS002: E. coli (January 2012-December 2016);
Ammonia and Nitrate (January-December
2012, 2015, 2016); Total Reactive Phosphorus
(January 2012 to December 2016); Turbidity
(November 2012-December 2016)
RBS003: E. coli (July 2014-December 2016); Heavy
metals (January 2012-December 2016); Turbidity
(November 2012-December 2016)
Domestic water use guideline (DWA 1996)
E. coli 1000 MPN/100 ml
Ammonia (NH3): 0-1 mg N/l
Copper (Cu): 0.2 mg/l
Lead (Pb): 200 µg/l
Nitrate (NO3)/Nitrite (NO2): 0-10 mg N/l
Turbidity: <5 NTU
Zinc (Zn): 1 mg/l
Aquatic ecosystems permissible standard
Phosphorus (P): <5 mg/l (Oligotrphic condition)

RBS003
E. coli
Copper
Lead
Zinc
Turbidity

Figure 6.3c: Key ecological and socio-economic challenges in the Baynespruit catchment.

105

