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EXECUTIVE SUMMARY

South Africa is a water stressed country. The definition of water stress is related to water
scarcity as it includes the need to meet both human and ecological needs. The country also
has huge economic development pressures and social upliftment challenges which increase
the pressure on water availability (WWF, 2014). South Africa, with carbon emissions in 2012
at 330 000 kt (6.3 t per capita), ranks 19" in the world for total carbon emissions (Olivier et
al., 2014). Eskom’s coal-fired power stations are large contributors to South Africa’s carbon
emissions.

Since the revision of environmental policy and legislation that began after 1994 the
legislative requirements for wetland management have become much more demanding — in
particular the National Water Act (1998), the various parts of the National Environmental
Management Act (1998), National Environmental Management Protected Areas Act (2003)
and the National Environmental Management: Biodiversity Act (2004). There are also other
acts that have effect on wetland management. These Acts require a high level of
compliance from those working in and around wetlands. The legal requirements are
evolving so it is necessary to keep abreast of the requirements and adapt to changes as
they occur.

This can be challenging for the environmental managers at Eskom. The wetland
management framework (WMF) has been developed to give guidance in the decision
making and management of wetlands on Eskom property. The WMF, as developed, is
suitable for broader application than just Eskom. The ecological and management principles
are applicable anywhere in southern Africa and beyond. The legal aspects, however, are
specifically South African. The framework may be applied to agricultural, urban, mining or
other developments in South Africa with little modification. The intention of this document is
that it should provide an industry standard that will get embedded in Eskom’s modus
operandi and be used by Eskom personnel. To this end the structure has followed that of
the Eskom Project Life Cycle Model (PLCM). This project has added an extra dimension to
the Eskom PLCM by creating a process for the management of wetlands within the current
legal environment and the current understanding of the ecosystem services in a format that
may be embedded within the existing PLCM.

Background

Eskom (originally ESCOM or EVKOM) was established in 1923 in terms of the Electricity Act
of 1922. It follows that much of the infrastructure was built before the more recent
understanding of the importance of the contributions of ecological infrastructure to the
national economy or the spate of new legislation post 1994.

The realization amongst water managers that the country was going to be short of water
came to the fore after the drought of the late 1960s. But it wasn’t for another two decades or
so that this knowledge became widely accepted. So water stress has been an issue since
the late 20" century.

The earlier developments were put in place without the current understanding of the need to
conserve water or the need to care for the environment by, for instance, protecting water
quality or providing environmental flows.

Wetlands are now recognized as important providers of ecosystem services. A recent
publication (De Groot et al., 2912) shows that inland wetlands are the most valuable



providers of ecosystem services of all the inland biomes. The greatest contribution to this
value is the regulating services.

Eskom benefits from these services, but with the coal fired power stations of Mpumalanga
and the Ingula PSS being in the upper catchments of major river systems, the activities of
Eskom have the potential to influence the quality of the benefits provided by the ecological
infrastructure to others downstream in the SES. It is, therefore, part of Eskom’s corporate
responsibility to the SES to conserve the wetlands that provide these benefits to the wider
SES.

One of the requirements of the NWA is that a water use license (WUL) is required for any
activity that will affect a water course or wetland. While not national policy, there is an
emphasis on no net loss of wetlands in the issue of WULs and there is a corps of expertise
that has developed around the management and rehabilitation of rivers and wetlands. The
delineation of wetlands is a basic requirement for the issue of a WUL, as is the buffer zone
around wetlands. The current regulatory zone around wetlands is 500 metres — as such any
activity within the regulatory zone requires a Water Use Licence.

The demand for a high level of compliance creates the need for a defined and repeatable
methodology for guiding environmental managers and others who plan developments that
may impact on the environment to follow so that the impacts can be minimized and, where
necessary, the required authorisations may be applied for in advance. The issue of
authorisations is a fairly lengthy process and can delay projects if not taken into account
early enough.

The wetland management framework (WMF) developed during this project incorporates the
legal requirements in a way that integrates them into the overall process of managing
wetlands on site during the various stages of the PLCM.

Eskom is one of seven South African companies (123 world-wide; 2014 figures) which have
accepted the challenge of the UN CEO Water Mandate to embrace responsible water
stewardship. This commits Eskom to a number of activities around caring for water and the
institutional environment. In addition to the achievement of a high level of water
management in-house, there is a commitment to influence the supply chain to do the same.

The ecological infrastructure that provides the benefits to the SES is not confined by the
boundaries of individual properties but by catchments. The commitment through the CEO
Water Mandate to manage the water resource should, therefore, be managed by consensus,
catchment-wide within the complex SES. Eskom, being a major player within the
catchments in which it operates, is in the position to begin to address this.

Objectives

The overall objective of this project was to develop and test an adaptable planning
framework that streamlines the conservation of wetlands in areas where Eskom operates
from coal to customer.

The following aims were addressed in order to achieve the overall objective:

e To conduct a situation analysis on the methods available to achieve ecologically
sustainable energy generation.

e To develop an adaptable strategic framework that considers the sustainability of
ecosystems at catchment scale and which can be implemented nationally.

e Collaboratively develop, streamline and test an Eskom environmental conservation
management plan on selected sites.



o To understand the capacity needs necessary for the application of new monitoring
tools, if any, and train the core group of implementing officers.
o Torecommend further research on broader water and energy knowledge gaps.

Approach

The first step in the process of developing the required wetland management system was to
conduct an extensive literature review.

Next, the wetland management framework (WMF) was incorporated into the Eskom Project
Life Cycle Management (PLCM) process.

The incorporation of the WMF into the Eskom PLCM would embed it in the process. This
would enable environmental managers, decision-makers and engineers to make valid
decisions within the complexity of integrating issues from the ecological, legal, corporate
responsibility and the broader environment of the social-ecological system (SES) in a
manner congruent with the existing stages of project management.

An additional stage to the PLCM, ‘Operation’ between the steps of Commissioning and
Handover and Close out was inserted.

In addition, the Eskom Water Strategy was examined and a generic structure of a large
corporate organisation was drawn up to find the most appropriate section of the organisation
to perform the various tasks.

The WMF has a total of 78 steps necessary to align with the PLCM. These are distributed
as shown in Table 1. In each stage of the PLCM the aspects of wetland management that
need to be addressed are listed consecutively so that the person using the framework can
work through the stage and not omit anything.



Table ES1: lllustrating the number of action steps in the WMF addressing each category of the

PLCM
Stage in the PLCM Action steps
Pre-Feasibility 1-12
Feasibility 13-26
Business Plan 27-37
Planning and design 38-45
Contracting and procurement 46-48
Construction 49-53
Commissioning and hand-over 54-58
Operation 59-71
Close-out 72-74
Evaluate 75-78

Each action step has five components.

The first is the stage of the PLCM that is being

addressed. The second, the title of the action step, defines the scope of the step. The third
gives the relevance to category of focus or impact. This is expressed by a symbol. The
fourth component is a list of key questions which will guide the user in the actions to be
taken to address the step. The final component lists the organisational elements which will
need to be addressed.

Taking Action step 18 as an example: Perform Basic Design is illustrated in Table 2. In the
WMF, the first three columns are colour coded differently for each step of the PLCM.

The WMF is designed in such a way that it can be accessed for the step relevant for the
stage of the PLCM which is to be addressed. As a result there is some repetition in the
overall framework to ensure that nothing important is omitted.
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Table ES2: The application of the wetland management framework (WMF) in the context of the
PLCM with action step 18 as the example

Stage Action Focus or | Core Questions Organisational
Steps Impact Elements
- I. Have wetlands and their » Data and
Feasibilit 18 Perform L .
y basic |L-!!J buffer zones been indicated Information systems
desian on the site lay-out plan? « Communication
9 >>< II. Are there any alternatives to systems

the project design/lay-out to
minimise impacts on
wetlands, e.g.:
a.Location (alternative
properties)
b.Site (alternative sites on
the property)
c. Activity alternatives
d.Layout alternatives
e.Design alternatives
f. Technology alternatives,
g.Operational alternatives?
If rehabilitation will be
undertaken, has a partnership
with Working for Wetlands
been established?

. If artificial wetlands are

considered, has a suitably
qualified and experienced
person been involved and has
the time taken for the wetland
to reach optimum efficiency
been taken into account? Has
maintenance infrastructure
(such as cutting and removal
of vegetation) been
incorporated into the
planning?

11

SUB-FRAMEWORKS OF THE WMF

A number of sub-frameworks were considered while developing the WMF. This was
considered necessary to capture the complexity of issues which needed to be addressed.
These are listed below and described in greater detail after the WMF in the report:

Hierarchy of conservation targets

Wetland delineation
Impact inventory
Impact assessment

Wetland health assessment

Vegetation

Prioritisation of wetlands for rehabilitation
Rehabilitation of impacts
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e Biodiversity corridors

e Buffer zones

e Indicators

e Vegetation management under transmission lines
e Ecosystem services

o Wetland offsetting

e Monitoring

e Ecosystem services for communities
e Pollution attenuation

e Constructed wetlands

e Natural wetlands

e Carbon storage in wetlands

Case studies

In order to test the WMF, four power stations were selected for the case studies as follows:
Decommissioned and return to service: Grootvlei

Operational: Matla and Kriel

Construction phase: Kusile.

A water management plan (WMP) was developed for Matla in three phases.

Phase 1. Preparation, Status Quo Analysis on site: The intended outcome of Phase 1 is to
preserve the status quo on site.

Phase 2: Looking beyond the fence line: The intended outcome of Phase 2 is to develop an
integrated wetland management plan.

Phase 3. Taking it a step further: The intended outcome of Phase 3 is engaging the supply
chain and implement best practices and planning for closure.

The WMP also lists basic functions which need to be part of each of the phases.

Eskom’s position in the social-ecological system was examined using the Framework
developed by Anderies et al., 2004 (Figure 1). Eskom’s relationship to the water resource
was assessed in the following ways:-

e The relationship with users upstream in the catchment. This includes inter-basin
transfers,

e The managing of aquatic ecological infrastructure on site,

e The relationship with users downstream of the Eskom activities,

¢ The management of aquatic ecological infrastructure over the transmission network
and

e Eskom-owned mines and purchase agreements.

Eskom’s role as a resource user was examined from the point of view of the commitment to
the UN CEO Water Mandate.

The public infrastructure providers (Government Departments, the CMA, Olifants River
Forum, etc.) set the rules for operating in the catchment. Eskom’s role in this milieu was
examined from the legal requirements point of view and their advocacy role.
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Eskom’s role with the public infrastructure has two branches. The first is their compliance
with legislation and other rules and the second involves the use and maintenance of physical
infrastructure such as water supply systems.

The arrows between the boxes indicate the interactions between the four boxes. The arrows
at the top and bottom of the figure indicate socio-economic external influences over which
Eskom has no control such as economic factors. The arrows coming into the sides indicate
environmental influences over which Eskom has no control such as extreme weather events.

The framework was populated using the data from the case study on Matla power station.

Figure ES1: Possible areas of involvement for Eskom in the Matla Wetlands case study, as
defined by the Anderies Framework

A series of modules as power point presentations were developed on the following topics:

1. What is a wetland

2. National policy

3. Eskom Project Life Cycle Model

4. Adaptive management

5. Sub-frameworks for the wetland management framework
6. Using the wetland management framework.

There is a read-me file which explains how the hyperlinking system works. It is important to
read this before starting.

Each of these modules has slides that are hyperlinked to relevant documents.

Managers and engineers need only do modules 1, 2 and 3. Personnel responsible for
environmental management should do modules 2 through 6.

Results

The report consists of seven chapters that cover the following aspects of wetland
management on Eskom properties.



There is also a series of 6 power point presentations covering relevant topics related to
wetland management. Each of these has hyperlinks into relevant documents so that the
reader may get more detail on each of the topics addressed. This is accompanied by an
Instructors manual which gives the methodology. The modules are designed in such a way
that managers and engineers need only do Modules 1, 2 and 3 while environmental
managers need to do modules 2 to 6. The README file explains how the system should be
used and it is important that the person reads this before starting.

The PowerPoint presentations cover the following topics:

1. Wetlands, ecosystems and biodiversity.

2. National policy and legislation, application for water use license and Eskom-specific
policies.

The Eskom Project Life Cycle Model.

Adaptive management — the process of learning by doing.

Introducing the sub-frameworks on which the wetland management framework is
based.

6. An exercise in using the wetland management framework.

abrw

Chapter 2: Literature Review

The literature review (Chapter 2) addresses a broad sweep of issues around wetland
management. The focus of this chapter has been on South African literature, with the
international literature included where relevant. The review covers the current policy and
legislation as it applies to wetlands and includes such issues as wetland inventory, wetland
delineation and buffer zones. The ecological aspects covered include aspects such as the
sustainability of ecological infrastructure, ecosystem services provided by wetlands. Carbon
sequestration and pollution attenuation by wetlands have been covered in some detail.
Indicators of wetland health and impacts on wetlands have been reviewed. Rehabilitation
and offsetting are topical discussion points and these have been covered. The place of
constructed wetlands in the overall management milieu has been addressed. Eskom has
internal policies on aspects such as vegetation and water management on Eskom property
and servitudes. Where these have been made available, they have also been covered.

Chapter 3: The Wetland Management Framework

The steps of the wetland management framework (WMF) have been developed to match the
Eskom Project Life Cycle Model (PLCM). The PLCM is the standard approach used by
Eskom in managing its projects. The WMF adds a further dimension to the PLCM in that it
provides the means whereby protection of the surface water environment, in particular
wetlands, may be integrated into the standard PLCM in a logical manner. This was done so
that the WMF may be used at any stage of an Eskom project to identify and address the
relevant wetland issues while a project is progressing. The WMF is based on a number of
sub-frameworks covering the range of topics needed to address the diverse aspects of
wetland management. The following aspects are addressed for each of the 78 steps of the
WMF:

e The relevance of the step to the category of focus or impact of the step (legal,
environmental, social responsibility and the role of Eskom in the wider catchment
management).

e One or more core questions to guide the process to address each step.
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e The various corporate organizational elements which would be involved, for instance
skills development systems, HR systems or data and information systems.

Chapter 4: Selected Case Studies to Test the Robustness of the wetland management
Framework

Case study sites for testing of the WMF were selected on the criteria of the constructional
(Kusile), operational (Matla and Kriel) and return-to-service (Grootvlei) phases of the PLCM.
For each of these the level at which the steps of the WMF had been addressed was
assessed. In each case, it was found that the legal issues were prioritised, but Kusile was
the only Power Station (PS) that had addressed wetland management on the property.
Following this, the steps of a wetland management plan for Matla PS were drawn up to
guide the PS through the steps necessary to conform to the legal, environmental and
corporate responsibility of Eskom on the site.

Chapter 5: The catchment perspective

Recognising that Eskom has a national footprint geographically and is a major user of water,
the chapter addresses the responsibilities of Eskom (both Head Office and on site)
concerning the management of environmental, social and institutional issues. The chapter is
structured around two frameworks, that of Anderies et al. (2004) which assesses the
robustness of a social ecological system (SES) and that of the Millennium Ecosystem
assessment (2005) which defines the ecosystem services. Key references are provided for
each category of responsibility to guide the activities identified. Finally, using the data and
information from the Matla case study (Chapter 4), the Anderies framework has been
populated at the desktop level using the quaternary catchments B11E and B11D as the
wider SES. This illustrates the role of Eskom in the SES of the catchments in which Eskom
is active.

Chapter 6: Future Research Needs

A number of sources were consulted during the identification of the future research needs.
Some of the needs identified are Eskom-specific while others apply to other entities as well.
Within the SES some are technical, some ecological, some economic, some related to policy
and legislation and some related to community upliftment. The investigation of alternate
technologies is also addressed.

Future research needs for the water / energy nexus

A total of 40 potential research areas have been identified for the WRC to consider. Some
of these are directly relevant to Eskom. The following topics have been assessed as priority
areas in a preliminary assessment. The full suite of research areas should, however, be
considered before the final decisions are made.

e Technical Research

o Soil carbon sequestration by wetlands and release of carbon when wetlands
are disturbed (paragraph: Soil carbon).

o Water conservation and demand management (water use efficiency)
(paragraph: Water conservation and demand management). Various parts of
the process use water at different rates, the selective catalytic reducing
process and flue gas desulphurization may be identified as priority areas.
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o Integrated natural resource management. The possibility of the existing
strategy being rolled out into the catchments where Eskom operates should
be investigated (paragraph: Integrated natural resource management for the
benefit of ecosystem services).

e Social/economic research

o The benefits and costs of alternate technologies available to power
generation, water use and impact on quality, impact on the environment and
impact on food production. The contribution of each to the carbon footprint
should be considered (Benefits and costs to power generation, water use and
food production).

o Ecosystem-based adaptation to climate change for Eskom-specific activities
(The energy, agriculture and water nexus).

e Legal/policy research

0 Possible future changes in wetland or water policy and legislation
(Consideration of possible future changes in wetland or water policy and
legislation).

Conclusions

As South Africa is a water-stressed country, it is necessary that every water user play their
part in conserving the resource. As a major industrial water user, Eskom has an important
role to play both in water conservation and in a leadership capacity.

The wetland management framework (WMF) has been structured to mesh with Eskom’s
Project Life Cycle Model. In this way environmental managers are guided through the
necessary activities for each phase of the PLCM. The WMF has been developed as a
practical ‘how to’ guide for managing wetlands on Eskom’s property to ensure a consistent
level of performance across the organisation.

Industry perspective

From the industry perspective the wetland management framework represents best practice.
It is recommended that a phased approach be taken when implementing the WMF on
properties that were developed before the current legislation was promulgated, beginning
with issues of legal compliance. Legal compliance is an aspect that is becoming
increasingly important.

Keywords

Wetland management, ecosystem services, compliance, catchment management, corporate
environmental responsibility.

Future review

The wetland management framework should be regarded as a living document. As such,
once it is in use it should be reviewed to assess how it may be refined to fulfil Eskom’s
needs in a more focused way.

The legal landscape is still evolving. Changes in the policies, legislation and regulations
affecting wetlands and water management should be anticipated and incorporated into the
WMF as appropriate.

Return on investment

The return on investment may be considered in three ways. Firstly, the investment has
resulted in the delivery of a wetland management framework which will empower
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environmental managers to engage meaningfully in the planning and execution of activities
within the PLCM. Secondly, if implemented as recommended, it has the potential to save
Eskom from having to pay penalties for non-compliance to environmental and other
requirements. Thirdly, the potential to harness ecological services to the benefit of Eskom
through comprehensive wetland management, will contribute to the preservation of water
guality and water availability.
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LIST OF ABBREVIATIONS

Abbreviation

Definition

AMD Acid water from mine workings

ARC-ISCW Agricultural Research Council - Institute for Soil, Climate and Water
ARD Acid water from waste rock

BGIS Biodiversity GIS

CDM Clean development mechanism

CMA Catchment management area

Csli Corporate Social Investment

DEAT Department of Environmental Affairs and Tourism
DPSIR Driving forces, Pressures, States, Impacts, Responses Framework
DWA(F) Department of Water Affairs (and Forestry) (up to 2014)
DWS Department of Water and Sanitation (from 2014)
EIA Environmental Impact Assessment

EIS Ecological importance and sensitivity

EMP Environmental management plan

EMS Environmental management system

FGD Flue Gas Desulfurization

GHG Green House Gas

HR Human Resources

IBT Inter basin transfer

IWRM Integrated water resource management

KAP Knowledge, Attitude, Practice

MA (MEA) Millennium ecosystem assessment

NFEPA National Freshwater Ecosystem Priority Area
NWA National Water Act (Act 36 of 1998)

PAH Polycyclic aromatic hydrocarbon

PCBs Poly Chlorinated Biphenyls

PCLM Eskom Project Life-Cycle Model

PE Primary Energy

PES Present ecological state

PLCM Project life cycle model

POP Persistent organic pollutant

PS Power station

RoD Record of decision
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Abbreviation | Definition

RQOs Resource Quality Objectives

RWQO Resource Water Quality Objectives

SACNASP The South African Council for Natural Scientific Professions
SAM Strategic Adaptive Management

SANBI South African National Biodiversity Institute

SES Socio-ecological system

TEEB The Economics of Ecosystems and Biodiversity

UNFCCC United Nations Framework Convention on Climate Change
URS User Requirement Specification

WfWet Working for Wetlands

WMA Water management area

WMF Wetland management framework

WMP Water management plan

WRC Water Research Commission

WRCS Water resource classification system

WRM Water resource management

WSLG Water Sector Leadership Group

WUA Water User Association

WUL Water use licence
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GLOSSARY OF TERMS

Term

Definition with a brief description

Ecological
infrastructure

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.

Ecosystem
services

The aspects of ecosystems (including ecosystem organisation or structure as well
as process and/or functions) that are utilized by people to produce human well-
being (Millennium Ecosystem Assessment, 2005). Ecosystem services are the
benefits provided to the social-ecological system.

Integrity

Integrity is defined as the ability of a system to support “a balanced integrated,
adaptive community of organisms having a species composition, diversity, and
functional organization comparable to the natural habitat of the region” (Karr and
Dudley, 1981; U.S. EPA, 2002a; Fennessy et al., 11 — 2007)

Resilience

The concept of resilience measures the amount of change or disruption that is
required to transform the maintenance of a system from one set of mutually
reinforcing processes and structures to a different set of processes and structures
(Anderies et al., 2004).

Resource

The Resource is defined in terms of the ecosystem services it delivers. This
definition integrates the ecosystem services from which the Social-Ecological
System derives benefits with the health of the ecological infrastructure which
provides these benefits.

Robustness

The concept of robustness is well developed in engineering, where it refers to the
maintenance of system performance either when subjected to external,
unpredictable perturbations, or when there is uncertainty about the values of
internal design parameters (Anderies et al., 2004).

Social-
ecological
system (taken
as equivalent to
socio-ecological
system)

A social-ecological system is a linked system of people and nature. (Roux et al.,
2009); or, a socio-ecological system can be defined as people, their natural and
human-made resources and the relationships among them (Anderies et al. 2004).
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1 INTRODUCTION

11 BACKGROUND

Internationally, the water supply crisis is ranked amongst the top five global risks both in
terms of its likelihood to happen as well as its impact by the World Economic Forum 2013
report. Global freshwater demand is projected to exceed current supply by 40% by 2030.
This will increase the risks on food, energy and industrial and human security globally. The
projected shortage of water has a number of contributing factors which are listed below:

¢ Increasing water demand. Population growth and economic development contribute to a
substantial increase in water demand.

e Water scarcity and unsustainable supply. Water is already over-allocated in many regions
of the world and approximately 2.4 billion people (circa 1/3 of the world population) live in
water stressed countries.

¢ Declining water quality. Poor water quality is an acute problem around the world with the
main contributors globally being agricultural runoff, industrial wastewater and poorly
treated human waste. The two major causes in South Africa are poorly treated municipal
(human and industrial waste) and acid mine drainage.

e Unmet environmental, social and economic needs. While the water may be available to
meet these needs, this may in some cases be a water resource management issue.

e Changing expectations. During the 20" century, the global population increased 4-fold
while the water demand increased 9-fold.

¢ Climate change. Projections of climate change indicate that, firstly, in certain areas of the
world precipitation will decrease while in others it will increase. Secondly, the nature of
precipitation events will change, becoming less frequent and more violent. In addition, the
projected increase in heat wave events will increase evaporation from rivers and storage
reservoirs (UN CEO Water Mandate; World Economic Forum).

Where does South Africa fit into this picture? To quote the WWF (2014):

South Africaisachronically water stressed country with huge economic devel opment
pressures and social upliftment challenges.

Water availability is one of the most decisive factors that will affect the economic,
socia and environmental well-being of South Africa over the next decade, and its
supply is aready precarioudly limited.

In the past, South Africa has invested heavily in water infrastructure and this is, in
part, why the country has enjoyed a false sense of water security. However, the
country is fast approaching full utilisation of available surface water yields, and
running out of suitable sites for new dams.

Water supply issues cannot be solved by simply building more dams or creating more
infrastructure, but rely heavily on rehabilitating, maintaining and conserving the
natural areas which form the critical catchments and “water factories’ for the country.
Furthermore, climate change models also predict significant changes to both rainfall
and temperature in southern Africa, which will affect water storage negatively.

1



Figure 1 provides an overview of the water stress experienced globally. South Africa is
currently in the region of High Stress.

Figure 1: lllustrating the water stress experienced by countries globally
(http:/iwww.wri.org/sites/default/files/uploads/water_stress_by_country.png)

Water stress is a more inclusive term than water scarcity, and is defined by the Pacific
Institute as follows:

“Water stress’ refers to the ability, or lack thereof, to meet human and ecological
demand for water. Compared to scarcity, “water stress’ is a more inclusive and
broader concept. It considers several physical aspects related to water resources,
including water scarcity, but aso water quality, environmental flows, and the
accessibility of water (http://pacinst.org/water-definitions/ ).

Eskom is one of the biggest industrial water users in the South Africa accounting for about
2% of the national water requirement in the year 2000 (NWRS, 2004). Eskom supplies over
95% of South Africa’s electricity and generates 45% of the electricity used on the African
continent (Eskom 2009a). In addition to this, the electricity distribution grid covers the entire
country. Eskom also owns and manages several coalmines. Eskom generates the bulk of
electricity used in South Africa and electricity is fundamental to the functioning of modern
society. Much of the country’s economic activity, as well as its social stability, depend on
there being an efficient and reliable supply of electrical power. Thus, Eskom’s water use is
considered to be of strategic importance by the Department of Water and Sanitation. Water
use designated as being of strategic importance will, however, be subject to the same
efficiency criteria and water demand management requirements as is applied to other uses
(NWRS, 2004).

United Nations CEO Water Mandate

Water poses one of the greatest sustainability challenges of the 21st Century. Water
scarcity and pollution, among many other issues, threaten our ability to grow strong and
stable economies, meet basic human needs, and protect healthy ecosystems (and the
services they provide), while also posing severe human health problems. Business
organizations are greatly affected by — and also often contribute to — these important issues.



Because of this, they are increasingly seeking more information and trying to understand
how to address these challenges.

The UN CEO Water Mandate is a part of the UN Global Compact. The UN Global Compact
‘asks companies to embrace universal principles and to partner with the United Nations. It
has grown to become a critical platform for the UN to engage effectively with enlightened
global business.” Launched in July 2007 by the UN Secretary-General, the UN CEO Water
Mandate is a unique public-private initiative designed to assist companies in the
development, implementation, and disclosure of water sustainability policies and practices
(UN CEO Water Mandate).

The UN CEO Water Mandate is, thus, aimed at mobilising a critical mass of business
leaders to embrace responsible water stewardship. Worldwide there are currently 123
companies that have signed up to embrace the principles of the mandate, with seven of
these being South African companies (UN CEO Water Mandate, 2014). As a signhatory to
the UN CEO Water Mandate, Eskom actively encourages its suppliers and other role players
to improve their water conservation, quality monitoring, wastewater treatment and recycling
practices. Whilst some of their activities generate pollution, Eskom requires clean water for
its own processes and also recognizes the value of the ecosystem goods and services
generated by healthy ecosystems and the benefits that society derives from these. To this
end, Eskom has developed its water management policy which addresses Eskom’s
contribution to the national long-term sustainability of the water resource and outlines how
this is to be achieved. Eskom is committed to the maintenance of water resources within the
catchments within which it operates, as it requires good quality water for its boiler and other
operations. The national economy relies on the power generated by Eskom, but equally it is
essential to maintain the natural water infrastructure in good condition so that it will continue
to deliver the benefits on which the socio-economy depends. The utility is thus committed to
ensuring that the ecosystems and wetlands in particular, under their jurisdiction are
maintained in a healthy ecological state.

South Africa’s water scarcity creates the imperative for increasing the efficiency of water
use. Eskom is proactive in this and, in addition to being signatory to the UN CEO Water
Mandate, has formed water management task teams to improve the efficiency of water
usage. The current target for water use, utility-wide, is 1.32 £ kWh™. The target set for 2017
is 1.20 £ kwh™ (Divisional Report Key indicators, 2012). This target puts pressure on Eskom
Holdings to implement effective water conservation and water demand management across
all their activities. However, dry cooling power stations use considerably less water, with
Matimba Power Station, the largest dry-cooled power station in the world, using 0.1 £ kWh™,
Medupi PS and Kusile PS will both use dry-cooling technology.

Eskom therefore saw the need to develop a generic framework for a conservation plan that
may be implemented, with appropriate customization, on all its properties and contractually-
bound coal suppliers (Please refer to the Terms of Reference in the block below). The
Framework needs to be integrated into measures aimed at the management of Eskom’s
strategic and operational activities. The overall framework developed consists of several
sub-frameworks, each designed to address specific aspects of Eskom’s activities. For
instance, the Conservation Plan Framework promotes the conservation of the environment
together with the ecosystem services that the environment provides and the sustainable
environmental planning framework within a catchment perspective has been developed with
this in mind.

Eskom’s Footprint

Geographically, Eskom has a national footprint although the coal-fired power stations are
largely concentrated in the upper Olifants and upper Vaal basins in Mpumalanga (Figure 2).
The water footprint, however, extends beyond the upper Olifants and Vaal basins as both



basins support economic activities which require more water than is available in the basins.
The extra water is supplied by inter-basin transfers (IBT) from surrounding basins (

Figure 3) which effectively extends the geographical footprint to include the donor river
basins. This has been taken into account in assessing the sustainable environmental
planning as Eskom requires the assurance of supply of water (both quality and quantity) that
is provided by these IBTs.

It was noted that, at the start of this project, Eskom had two other initiatives on wetlands.
These were the booklet entitled ‘Wetland classification and Risk Assessment Index’
(Oberholster et al., 2014) and the development of a GIS supported wetland inventory of
Eskom properties.

Figure 2: Map of Eskom’s power generation and main distribution infrastructure. Kusile is not
on this map
(http://Iwww.eskom.co.za/c/article/730/map-of-eskom-power-stations/




BOTSWANA P . e \

T WMAZ ,‘
% LUVUVHU | LETABA

el

j i Ty
\ : 2’ At e
a—— | 17 {
N e 3] r S |
y. - WMA 3 SR, : / ! :
§ RO S WERT W * OLIFANTS (WMA 'S |
\ g 5 maricos” 1) ~ NKOMATI (63
3 . MAFIKENG { PRETEAAT . Tt L T He > Rer ”
is] 1~ (g5 Rr e SN
S N T . f =
[ M ETIET “p . 4 'l - ‘-!
[ IcrianEseURG < Y \
P 655/ 3 . et \
N 79000 |35 N51) | SWAZILAND :
' o TR : e
WMA 10 : SR 3 3 ° m ! 4
LOWER VAAL ¢ ) - &~ S iy g, [ LOIIAN . 3
. (5. 604] { L WMA 9 UPPER VAAL et g e ""—{ 5
B R T MIDDLE VAL ) :
= ot © RIWELKOM_ , i 2 . T3 T wWMAG
“ & 780* -1 . - usuTD
= ST MHLATUZE ~
IMBERLE 121 & L iy 25 s ‘-
: A : : T 'l
., - : {"\:93_1- THUKELA (37 e
1 8?__5._ 18! 3 BLOEMFONTEINGYT 7" 2y B .GOOl "\_,__ i L2 RICHARD'S BAY
P L i . O -l ;
% - 4 - ‘.
5 LESOTHO _§ g8 PIETERMAHITZBURG
‘ \_ SN, a4

Figure 3: The inter-water management area transfers in the north eastern part of South Africa
(NWRS 1, 2004: p 17)

In addition to the power generation infrastructure itself, Eskom has approximately 30 000 km
of power line servitudes together with a number of substations associated with the
distribution network.

Eskom’s Water Strategy

As may be seen, Eskom’s footprint is nation-wide. Taking cognisance of the fact that Eskom

is a strategic user of water and that the utility accounts for circa 2-3% of South Africa’s water

use (Eskom Water Policy) with a footprint extending across the country, Eskom has engaged

with the Department of Water and Sanitation National Water Resource Planning Directorate

to develop a long-term water strategy. This strategy is based on the following principles:

e Social progress which recognizes the needs of everyone;

o Effective protection of the environment;

e Prudent use of natural resources

e Supporting an environment of high, stable economic growth and employment.

The strategy includes water demand management and reuse of effluents, and the key

elements are as follows:

e Meet the water requirements for new power stations

¢ Meet the water requirements for existing power stations

¢ Develop long-term water plans to ensure security of water supply

e Develop and implement a water conservation and water demand management strategy

¢ Meet the water quality objectives of the various catchments

o Efficiently manage water cost increases into the future

e Actively influence policy, strategy, planning, legislative and regulatory issues related to
water

e Engage stakeholders on water challenges and solutions.

(http://financialresults.co.za/2011/eskom ar2011/cd grp commercial04.php).
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The objectives identified in this strategy are to:

Ensure long term water scenario planning

Meet the water requirements for new and existing power stations

Meet the water quality objectives of the various catchments

Manage water cost increases into the future

Influence policy, strategy, legislation and regulatory environment

Regular communication and intervention with respective government departments and
other stakeholders by means of a dedicated advocacy and stakeholder engagement plan
Implementing a water conservation water demand management strategy

Water management assurance, advisory and supporting role to projects, power stations
and coalmines.

© oNoOr WD R

In order to achieve the key elements and objectives of the water strategy, Eskom has
developed the Vision 2030 which outlines the pathway and milestones to be followed
between 2009 and 2030 which was presented to the Water Sector Leadership Group during
2009. The pathway and milestones are illustrated in Appendix 1 (Figures 4 and 5).

The milestones and targets relate mostly to compliance, partnerships, technology and
management interventions which are all mostly focused on water use efficiencies. The
improvement of water use efficiency will have an overall positive effect on the national water
budget, including the environment.

ISO 14000

The 1SO 14000 family of standards provide guidance towards sustainable environmental
management and the standards together with the monitoring programmes, etc. developed
under this framework should be applied to Eskom’s activities. International standards are
becoming increasingly important for organisations working together to achieve proactive
environmental management, risk management, sound corporate governance and sound
operational and financial practices. ISO 14000 also provides a yardstick which may be used
by governments and regulatory bodies to assess and ensure alignment nationally and
internationally. 1SO 14000, widely used in Europe for management of the environment
including wetlands, is gaining acceptance in the USA because of the standards that it offers
in fields such as environmental auditing and environmental performance evaluation. In
addition, it offers guidelines for sustainable development, pollution prevention and assurance
of compliance. While 1SO 14000 certification is not compulsory, it does offer a measure of
competence in the sustainable management of the environment (The Wendel Insider, Fall
2003). South Africa ranks 72 out of 178 Countries in the Environmental Performance Index
(http://epi.yale.edu/epi/country-rankings) and the focused implementation of ISO 14000 will
help to improve this ranking.

Legislation

Eskom strives to comply with the legislative landscape within which it operates. The
framework for wetland management needed to address this as a matter of priority. To this
end the policies on water management and the management of alien and invasive
vegetation on Eskom holdings complies with the requirements of national legislation. The
framework underpins this by providing methods which will enable the improved management
of wetlands and associated ecosystems on their property.



Water-Food-Energy Nexus

In 1911, John Muir observed, ‘When we try to pick out anything by itself in nature, we find it
hitched to everything else in the Universe.’

A century later, a gathering of the World Economic Forum discovered the same
phenomenon. Four hundred top decision-makers listed the myriad looming threats to global
stability, including famine, terrorism, inequality, disease, poverty, and climate change. Yet
when we tried to address each diverse force, we found them all attached to one universal
security risk: fresh water. (Margaret Catley-Carlson, Patron, Global Water Partnership,
2008-2010, Chair of World Economic Forum Global Agenda Council on Water Security)
(quoted from Williams and Pittock, undated).

Eskom has taken cognisance of this interconnectedness through the integration of water and
environmental management into the core business of electricity generation. The need for an
adequate supply of good quality water is important for Eskom’s on-going electricity
generation capacity. The supply of sufficient water of good quality is the role of regulating
and provisioning ecosystem services and these services depend on.

Kusile PS is the new build power station on the Highveld in western Mpumalanga, an area
rich in wetlands. Concern for the impact of construction activities on, and the delivery of
ecosystem services in, the wider catchment as led to the development of a wetland
management strategy for Eskom’s Kusile property (Harris et al., 2013). The wetland
management strategy covers such aspects as the impact of turbidity on the functioning of
wetland systems downstream of the development and also takes cognisance of Eskom’s
land and biodiversity policy which requires that measures are in place to limit impacts of
infrastructure and other land uses and also comply with all legislation at all stages of the
project life cycle.

1.2 LAYOUT OF THE REPORT

The report consists of seven chapters that cover the following aspects of wetland
management on Eskom properties.

There is also a series of 6 power point presentations covering relevant topics related to
wetland management. Each of these has hyperlinks into relevant documents so that the
reader may get more detail on each of the topics addressed. This is accompanied by an
Instructors manual which gives the methodology. The modules are designed in such a way
that managers and engineers need only do Modules 1, 2 and 3 while environmental
managers need to do modules 2 to 6. The README file explains how the system should be
used and it is important that the person reads this before starting.

The PowerPoint presentations cover the following topics:

1. Wetlands, ecosystems and biodiversity

2. National policy and legislation, application for water use license and Eskom-specific
policies.

The Eskom Project Life Cycle Model.

Adaptive management — the process of learning by doing.

Introducing the sub-frameworks on which the wetland management framework is based.
An exercise in using the wetland management framework.

o0k w

Chapter 2: Literature Review

The literature review (Chapter 2) addresses a broad sweep of issues around wetland
management. The focus of this chapter has been on South African literature, with the
international literature included where relevant. The review covers the current policy and
legislation as it applies to wetlands and includes such issues as wetland inventory, wetland
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delineation and buffer zones. The ecological aspects covered include aspects such as the
sustainability of ecological infrastructure, ecosystem services provided by wetlands. Carbon
sequestration and pollution attenuation by wetlands have been covered in some detail.
Indicators of wetland health and impacts on wetlands have been reviewed. Rehabilitation
and offsetting are topical discussion points and these have been covered. The place of
constructed wetlands in the overall management milieu has been addressed. Eskom has
internal policies on aspects such as vegetation and water management on Eskom property
and servitudes. Where these have been made available, they have also been covered.

Chapter 3: The Wetland Management Framework

The steps of the wetland management framework (WMF) have been developed to match the
Eskom Project Life Cycle Model (PLCM). The PLCM is the standard approach used by
Eskom in managing its projects. The WMF adds a further dimension to the PLCM in that it
provides the means whereby protection of the surface water environment, in particular
wetlands, may be integrated into the standard PLCM in a logical manner. This was done so
that the WMF may be used at any stage of an Eskom project to identify and address the
relevant wetland issues while a project is progressing. The WMF is based on a humber of
sub-frameworks covering the range of topics needed to address the diverse aspects of
wetland management. The following aspects are addressed for each of the 78 steps of the
WME:

e The relevance of the step to the category of focus or impact of the step (legal,
environmental, social responsibility and the role of Eskom in the wider catchment
management).

e One or more core questions to guide the process to address each step.

e The various corporate organizational elements which would be involved, for instance skills
development systems, HR systems or data and information systems.

Chapter 4: Selected Case Studies to Test the Robustness of the Environmental
Conservation Framework

Case study sites the testing of the WMF were selected on the criteria of the constructional
(Kusile), operational (Matla and Kriel) and return-to-service (Grootvlei) phases of the PLCM.
For each of these the level at which the steps of the WMF had been addressed was
assessed. In each case, it was found that the legal issues were prioritised, but Kusile was
the only PS that had addressed wetland management on the property. Following this, the
steps of a wetland management plan for Matla PS were drawn up to guide the PS through
the steps necessary to conform to the legal, environmental and corporate responsibility of
Eskom on the site.

Chapter 5: The Catchment Perspective

Recognising the Eskom has a national footprint geographically and is a major user of water,
the chapter addresses the responsibilities of Eskom (both Head Office and on site)
concerning the management of environmental, social and institutional issues. The chapter is
structured around two frameworks, that of Anderies et al. (2004) which assesses the
robustness of a social ecological system (SES) and that of the Millennium Ecosystem
assessment (2005) which defines the ecosystem services. Key references are provided for
each category of responsibility to guide the activities identified. Finally, using the data and
information from the Matla case study (Chapter 4), the Anderies framework has been
populated at the desktop level using the quaternary catchments B11E and B11D as the
wider SES. This illustrates the role of Eskom in the SES of the catchments in which Eskom
is active.



Chapter 6: Future Research Needs

A number of sources were consulted during the identification of the future research needs.
Some of the needs identified are Eskom-specific while others apply to other entities as well.
Within the SES some are technical, some ecological, some economic, some related to policy
and legislation and some related to community upliftment. The investigation of alternate
technologies is also addressed.



2 LITERATURE REVIEW
2.1 LITERATURE REVIEW

Water management

Professor Schulze of the University of KwaZulu-Natal (pers. comm.) observes that variability
and uncertainty are two factors that Australia and South Africa have in common. The co-
efficient of variability of the climate, rainfall in particular, of these countries is amongst the
world’s highest, and the variability of runoff varies by two to five times that of the rainfall. He
notes that it is the temperature or precipitation events, not the averages, which have the
impact.

This variability makes it imperative that South Africa manages its water resource carefully.
The focus has been largely on managing the surface water to provide the assurance of
supply necessary to support growth in a diverse economy and this has been an effective
strategy. Surface water has been impounded where it occurs and, where necessary,
infrastructure has been developed to move water to where it is required by means of inter-
basin transfers (NWRS 1, 2004).

The present situation is that most of the potential dam sites have been used so few
opportunities remain for obtaining more water from the surface environment. But the need
for water to support growth and development remains, and as noted by the World Economic
Forum (2014) the increase in the demand for water is strongly influenced by the changing
expectations of people, with the 4-fold increase in population over the 20" century leading to
a 9-fold increase in water consumption. While the NWRS 1 (2004) provides the foundation
of water management, the second National Water Resource Strategy (NWRS 2, 2012) has
adopted a different approach to management of the water resource, focusing on water
security while taking cognisance of the high coefficient of variability of rainfall. It also takes
note of the fact that the deterioration of water quality from eutrophication, acid mine
drainage, salinization and microbial contamination need to be addressed. The vision guiding
the NWRS 2 is aimed at serving the social-ecological system in all its complexity. To this
end a number of core strategies will be followed in the management of the water resource to
support the social-ecological system.

The core strategies (NWRS 2, 2013) are:

¢ Implementation of Equity Policy;

e Putting water at the centre of integrated development planning and decision-making;

e Ensuring water for equitable growth and development;

e Contributing to a just and equitable South Africa;

e Prioritising and ensuring the implementation of water conservation and demand
management;

e Optimizing and stretching of our available water resources (groundwater, water re-use,
desalination (including seawater), water systems optimization and rainwater harvesting);

e Committing to the protection of our water resources and ecosystems;

¢ Achieving effective and smarter water governance;

e Embedding sustainable business principles and practices in water resources and systems
management;

e Implementing a water sector investment framework for infrastructure, human resource
capacity and institutions;

e Engaging the private and water use sectors.
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Eskom, as noted in Chapter 1, has engaged with the DWS in aligning its water strategy with
the national interest. Flowing from this the Eskom Water Management Policy (2013)
provides a framework through which Eskom’s business should interact with the water
resource throughout its value chain. As a strategic water user and signatory to the UN
Global Compact — the CEO Water Mandate, Eskom commits to:

e Being proactive in addressing water sustainability issues within Eskom’s activities

¢ Driving water sustainability within the wider social-ecological system

e Encourage companies throughout its value chain to subscribe to water sustainability
practices

¢ Participate in multi-stakeholder forums on water sustainability issues

e Be transparent when dealing with water sustainability issues when dealing with DWS and
other stakeholders

¢ Raise awareness of water sustainability issues across its area of operation

e Ensure that water forms part of sustainability indicators in business decision making

e Participate in national and international accreditations aimed at improving issues around
water sustainability

¢ Invest in research and implementation of new technologies aimed at improving water
efficiency and minimising impacts on water resources.

The importance of wetlands

Internationally, the importance assigned to wetlands is reflected by the number of
organisations which focus on these ecosystems. The Ramsar Convention (Ramsar, 2014)
was initially concerned with conserving habitat for migratory waterfowl but since its inception
in 1971 it has broadened its scope in recognition of the important role wetlands play in the
provision of livelihoods for people who depend on the stream of benefits that wetlands
provide, and now the focus is on wise or sustainable use of wetlands. There are currently
168 contracting parties to the Ramsar Convention, with 2 168 wetlands desighated as
wetlands of international importance which have a combined area of 208 674 342 ha.
Wetlands International is a global NGO with the mission of sustain and restore wetlands,
their resources & biodiversity and works towards wetlands being treasured and nurtured for
their beauty, the life they support and the resources they provide.

Wetlands are important providers of Ecosystem Services which the Millennium Ecosystem
Assessment categorises as supporting, provisioning, regulating and cultural (MA, 2005).
This categorisation has been used as a framework to focus the 21 handbooks which make
up the toolkit on Wise Use of Wetlands developed by the Ramsar Convention on Wetlands,
as shown in Figure 4 below.
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Figure 4: A Conceptual Framework for the Wise Use of Wetlands and the maintenance of their
ecological character, and the application of the guidelines in the Ramsar ‘toolkit’ of Wise Use
Handbooks 4th edition (vol. 1; 2010)

The contribution of wetlands to the hydrological cycle plays an important role maintaining the
health of the water resource in addition to providing other services. Emerton and Bos (2004)
give a number of key messages, three of which are quoted here:

e Ecosystems matter for people and water services

¢ Under-investment in ecosystems results in reduced water services

¢ Including ecosystem values in economic analysis improves decision-making

The South African Constitution (Act 108 of 1996) states that everyone has the right to an
environment that is not harmful to their health or well-being and is protected for the benefit of
present and future generations (Ch 2, para. 24). In addition, the vision for the NEPAD
programme on conserving Africa’s wetlands is:

African countries and their people have healthy and productive wetlands and
watersheds that can support fundamental human needs (clean water, appropriate
sanitation, food security and economic development) (NEPAD, 2003).

Thus, the conservation of wetlands is institutionally enshrined.

The National Wetland Inventory, housed within SANBI (SANBI, undated) has to date
mapped 2,9 million hectares of wetlands, amounting to 2,4% of South Africa’s land
surface).

There are a number of definitions of wetlands, and that of the National Water Act (DWAF,
1998) reads as follows:
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“wetland" means land which is transitiona between terrestrial and aguatic systems
where the water table is usually at or near the surface, or the land is periodically
covered with shallow water, and which land in normal circumstances supports or
would support vegetation typically adapted to life in saturated soil.” (National Water
Act, Act 36 of 1998; Chapter 1; Clause xxix).

In practice, this definition refers to palustrine wetlands, the type of wetland addressed by
Oberholster et al. (2014), and for this document will be the definitive definition.

There are other definitions, however. The definition used by the Ramsar Convention is
much broader and reads as follows:

For the purpose of this convention wetlands are areas of marsh, fen, peatland or
water, whether natural or artificial, permanent or temporary, with water that is static
or flowing, fresh or salt, including areas of marine water the depth of which at low
tide does not exceed six metres (Ramsar Convention, Article 1.1, 2009).

It should be noted that, in the Ramsar Convention documents quoted below, this is the
definition that has been followed.

That accepted by SANBI for the South African National Wetland Classification System
follows the Ramsar definition with minor changes, and is as follows:

WETLAND: an area of marsh, peatland or water, whether natura or artificial,
permanent or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water the depth of which at low tide does not exceed ten
metres (SANBI, 2012).

While the definition of wetlands from the National Water Act (1998) has been followed in this
document, the classification system followed is that of SANBI (2012). The functional units of
this classification are:

e Channelled valley-bottom wetland

e Unchannelled valley-bottom wetland

¢ Floodplain wetland

e Depression

e Flat

¢ Hillslope seep

¢ Valleyhead seep

There are several Natural Resource Management Programmes in South Africa that work
with wetlands, but their impact on wetland management or rehabilitation has not been
evaluated. Nor have the management of individual wetlands and the cooperation of
organisations managing these been evaluated. Kotze et al. (2009) in their review of the
impact of the Natural Resource Management Programmes examine these issues under the
following divisions:

e Part 1 broadly examines the impact of the Natural Resource Management Programmes
which promote the conservation and rehabilitation of wetlands.

e Part 2 presents the framework that was used for assessing management effectiveness
and applies this framework to 21 individual wetlands.
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e Part 3 examines in further detail six of the 21 wetlands, and focuses on the relationship
between participation in rehabilitation and the long-term sustainability of natural resource
management.

e Part 4 presents a framework for assessing how effectively various organizations and
programmes collaborate, and applies this framework to one of the 21 sites.

Specific ecosystem service functions of wetlands contributing to their importance in the
social-ecological landscape are examined below.

In spite of this interest in wetlands, Mucina & Rutherford (2006) indicate that wetland
vegetation types are not well known and that more attention should be given to the
vegetation in these types of wetlands in the future. Against this backdrop, and using the
same database system as used by SANBI (TURBOVEG) Sieben (2011) compiled vegetation
data in wetlands in Kwazulu-Natal, the Free State and Mpumalanga and provided guidelines
on the minimum data requirements and a sampling protocol. Van Ginkel et al. (2011) and
Wentzel and Van Ginkel (2012) have provided in-depth information on certain wetland
plants, but more is required to address the concern articulated by Mucina and Rutherford
(2006).

Eskom recognises the importance of wetlands and that within the area of its jurisdiction
across the country there are a number of wetlands. In terms of the legal requirements,
Eskom is obliged to conserve these and to this end has developed the Eskom Wetland
Classification and Risk Assessment Index Field Guide (Oberholster et al., 2014).

Wetlands and South African Legislation

There is no single piece of South African legislation dedicated to the protection of wetlands.
However, the protection of wetlands has been directly or indirectly included in the following
pieces of legislation. Armstrong (2009) provides a thorough coverage of the legislation valid
at the time and the reader is referred to this document for detailed discussion of each piece
of legislation. Certain regulations have been promulgated since Armstrong’s 2009 synthesis
and important ones are mentioned below.

National Environmental Management Act, 1998 (Act No. 107 of 1998): is the framework
environmental legislation in South Africa and provides indirect protection for wetlands as an
environmental resource.

National Environmental Management: Biodiversity Act, 2004 (Act 10 of 2004): This Act
gives effect to ratified international agreements affecting biodiversity to which South Africa is
a party, and which bind the Republic. Furthermore, the Minister may list ecosystems and
species that are threatened or in need of protection, and these might include wetland
ecosystems and species closely associated with wetlands. The Minister may also list
threatening processes and activities in listed ecosystems and related to protected species.
The Act also makes provision for the rehabilitation of ecosystems, which include wetlands.
The Minister may also promulgate a list of invasive species and the required measures
associated with these.

Regulation GN R543, 18 June 2010: Environmental Impact Assessment Regulations:
provides for activities that may impact detrimentally on the environment to require prior
environmental authorisation.

Regulation GN R544 (Listing Notice 1): sets out a list of identified activities which may not
commence without environmental authorisation from the competent authority and which
must follow the basic assessment procedure as provided for in regulations 21 to 25 of the
NEMA EIA Regulations. These include activities in wetlands and estuaries.
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National Environmental Management: Protected Areas Act (57 of 2003): The intention of
the Act is to protect and conserve ecologically viable areas as well as their natural
landscapes. These would include wetlands designated as or within protected areas.

National Environmental Management: Waste Act 2008 (Act 59 of 2008): In recognition of
the adverse impact that poor waste management practices have locally and globally, the
intention of this Act is to minimise pollution and so promote sustainable development.

National Water Act, 1998 (Act 36 of 1998): activities in and within 500 m of wetlands or the
saltwater mixing zone of estuaries will require a water use licence. The Act also makes
provision for the protection of water resources, which include all wetlands as well as the
prevention of pollution and degradation of these resources.

Any activity which will impact a wetland requires that the wetland be delineated. The
requirements for wetland delineation are reviewed below.

Regulation GNR 1352 (in terms of the NWA) of 12 November 1999, Regulations on Use of
Water for Mining and Related Activities Aimed at the Protection of Water Resources: the
regulation is specifically aimed at mining activities and prohibits water pollution and activities
that may impact on the integrity of a water resource, such as the location of residue deposits
and open cast or underground mining activities within 100 m or within the 1:100 year flood
line of any water resource. The Regulations also makes provision for the protection of water
resources during the mining of sand and alluvial minerals from watercourses and estuaries.

Conservation of Agriculture Resources Act, 1983 (Act 43 of 1983): sets out measures to
prevent the spread of alien vegetation. Given the ideal growth opportunities afforded by
wetlands for alien species, the protections of wetlands from invasive species are implied in
this legislation. The legislation includes a list of alien and invasive species and the required
measures to be taken in relation to these. The Act also provides for the regulation of control
over the utilisation of agricultural resources in SA in order to promote the conservation of
soil, water and vegetation (including wetlands). In accordance with the Act, Authorisation is
required to:

1. Drain or cultivate any vlei, marsh or water sponge.

2. Cultivate any land within the flood area of a watercourse or within 10 m outside the flood-
area of a watercourse.

3. Divert run-off from a water course, or

4. Burn veld, including wetland vegetation.

CARA: Regulation GNR 1048 of 24 May 1984 (as amended): makes provision for the
protection of land and promotes the conservation of soil and water resources and natural
vegetation through various measures, such as the prevention of soil erosion, the prevention
of the disturbance of natural flow patterns and run-off, prevention of bush encroachment and
makes provision for the restoration of land resources. Wetlands and their supporting
hydrology are by definition included under the term “natural resources”.

National Forests Act, 1998 (Act 84 of 1998): forestry activities that may impact on wetlands
are regulated.

Mountain Catchments Act (Act 62 of 1970): this Act provides for the conservation, use,
management and control of land situated in mountain catchment areas.

Wetland delineation

The definitive guideline for the delineation of wetlands in the environmental cluster of South
African government departments is the Practical Field Procedure for The Identification and
Delineation of Wetlands and Riparian Areas (Rountree et al., 2008). This document is the
one referred to in licenses/permits issued by the DWS and so is the one which should guide
Eskom’s activities relating to wetlands. Wetland is a term applied to a variety of ecosystems,
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depending on the definition used and these have been briefly covered above (Paragraph
2. XX — Why are wetlands important?). The DWAF field procedure uses the definition from
the NWA:

“wetland” means land which is transitional between terrestrial and aguatic systems
where the water table is usually at or near the surface, or the land is periodically
covered with shallow water, and which land in normal circumstances supports or
would support vegetation typically adapted to life in saturated soil (paragraph xxix,
Ch. 1; NWA, 1998).

Three broad zones are identified in the DWAF field procedure for the delineation of
wetlands, and these are: the Permanent zone, the Seasonal zone (wet for much of the year)
and the temporary zone (wet occasionally). The object of delineation is to identify the outer
edge of the temporary zone. Wetlands are not always wet, particularly at the edge of the
temporary zone, so four indicators have been provided for identifying the areas considered
as wetlands. These four indicators are:

e The Terrain Unit Indicator: this indicator helps to identify those parts of the landscape
where wetlands are more likely to occur.

e The Soil Form Indicator: this indicator identifies the soil forms, as defined by the Soil
Classification Working Group (1991), which are associated with prolonged and frequent
saturation.

e The Soil Wetness Indicator: this indicator identifies the morphological "signatures"
developed in the soil profile as a result of prolonged and frequent saturation.

e The Vegetation Indicator: this indicator identifies hydrophilic vegetation associated with
frequently saturated soils.

According to the wetland definition used in the National Water Act, vegetation is the primary
indicator, which must be present under normal circumstances. However, in practise, the soll
wetness and form indicators tend to be the most important, and the other indicators are used
in a confirmatory role. The reason is that vegetation responds relatively quickly to changes
in soil moisture regime or management and may be transformed; whereas the morphological
indicators in the soil are far more permanent and will hold the signs of frequent saturation
long after a wetland has been drained (perhaps for several centuries). Despite hydrology
not being one of the four indicators listed above, the delineation procedure is substantially
facilitated by an understanding of the broad hydrological processes that drive the frequency
of saturation, particularly in the case of river channels.

Determining the boundaries of wetlands in the field

The field procedure provides detailed guidance for each of the steps below.

1. Get all the information that you can from maps, air photos, reports, other documents
before going into the field. In practise, Google Earth is an accurate and readily
accessible source of recent information. This desktop delineation will save a lot of time
in the field.

2. Once in the field:

e Find a vantage point from which the wetland can be viewed. This will permit you to match
the desktop delineation to the terrain.

e Starting at the bottom of the wetland, look for wetness or hydrophilic plants to identify the
wettest part of the wetland.
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e Move up the wetland to the point where the boundary of the temporary wetland/terrestrial
zone is determined and put in a flag.

e Do enough transects across the wetland (temporary wetland/terrestrial zone boundary to
temporary wetland/terrestrial zone boundary), flagging each until the wetland is
delineated.

¢ Note the necessary and appropriate buffer zones.

¢ A point to watch for — if a wetland has been drained, the soil wetness indicators may still
be present, but terrestrial plants will replace the hydrophilic plants.

3. Where the iron content of the soil is low, mottles may be scarce throughout the three
wetness zones. Nevertheless, the general trend of an increase and then a decrease in
mottle abundance, as one move from the temporary zone through the seasonal and then
the permanent zone remains true.

4. In wetlands that are in very sandy soil or coarse sediment, organic material and iron
oxides are often leached out, giving the soil a white, bleached look. In cases such as
this, it is not possible to use normal soil wetness indicators for delineation. Reliance
should instead be placed on other indicators.

5. Take special note of the ‘specific cases’ category in Appendix A of the document. These
‘specific cases’ do not conform to the general characteristics described above. The
specific cases are:

e Hydrophilic vegetation growing on alluvial deposits that are too young to show the
morphological indicators of wetness.

e Sandy soils such as occur along the coast. Note that sandy soils occurring inland, such
as granitic soils, may also not show the typical indicators.

e Soils derived from quartzites and dolomites.

The DWS field procedure (DWAF, 2008) does not put much emphasis on ecoregions, only
mentioning that each ecoregion may contain distinctive vegetation communities. The
wetland classification system developed for the National Wetland Inventory of SANBI (Ewart-
Smith et al., 2006) emphasises the influence of ecoregions on wetlands. The ecoregions will
to some extent dictate the nature of wetlands occurring within the particular ecoregion.
There are 31 Level 1 ecoregions in South Africa (including Lesotho and Swaziland) and
each delineation needs to locate the wetland within the appropriate ecoregion, especially for
the development of EIAs, EMPs, etc. Level 2 and Level 3 ecoregions provide greater detail
and insight into the expected nature of the areas (Kleynhans et al., 2005).

The following hierarchical classification system is proposed for wetlands (SANBI, 2012):

Level 1 Connectivity to open ocean

Level 2 Level 1 Ecoregion (from Kleynhans et a., 2005)
Level 3 Landscape unit

Level 4 Hydrogeomorphic (HGM) unit (Level 4 is

divided into a number of categories which vary
depending on the landscape unit and the HGM
unit.

In South Africa, methodologies for the formal identification and delineation of wetlands
revolve primarily around the use of soil morphological indicators, with the soils of
permanently saturated wetlands in particular being easily recognizable by their grey colour
and mottled appearance. A number of wetland types and conditions have however been
identified for which soil morphological indicators do not readily apply. These include
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seasonally saturated to inundated wetlands in sandy coastal aquifers dominated by aeolian
(windblown) sands. In many of these systems, both anoxic conditions and the mineral
stripping via podsolization that leads to mottling do not occur. The soils of temporary
wetlands in very arid areas are also often too shallow, too saline or too temporarily
inundated to exhibit typical wetland features in their soils. Such wetlands are called “cryptic”,
and cannot reliably be identified as wetlands during the dry season on the basis of standard
wetland identification and delineation tools (Day et al., 2010). Day et al. (2010) and Bird
(2010) propose indicators for the identification of temporary wetlands using invertebrates
and plants as indicators and provide methods for using these indicators. These indicators
should be used when the assessor is faced with the wetlands in sandy soils as covered in
Annexure A of the DWAF (2008) field procedure.

Job (2008) also tested the DWAF (2008) field procedure widely in the Western Cape where
wetlands may be difficult to identify. She found that 65% of wetlands could be identified
using the indicators described in the DWAF (2008) field procedure, and the remaining 35%
fell into the ‘special cases’ category. These were mostly sandy and low chroma soils. For
these, the recommendation that she made are:

¢ Record the presence of a dark, high carbon content layer on the soil surface, and/or

e Thoroughly document landscape conditions and any remnant vegetation, soil, hydrology

indicators, and then develop the rationale for considering the area to be wetland.

Buffer strips or zones

Buffer zones perform the following functions (from Table 1 in MacFarlane et al., in press):

e Maintaining basic aquatic processes

— Maintaining channel stability

— Groundwater recharge

— Control of microclimate and water temperature
— Flood attenuation

— Maintenance of general wildlife habitat

Reducing impacts on water resources from upstream activities and adjoining land uses

— Storm water attenuation
— Sediment trapping

— Removal of toxics

— Nutrient removal

— Removal of pathogens

Providing habitat for aquatic and semi-aquatic species

— Provision of habitat for aquatic species
— Screening of adjacent disturbances
— Habitat connectivity

Providing habitat for terrestrial species

— Provision of habitat for terrestrial species
— Habitat connectivity

Ancillary societal benefits

— Reduces flood risk
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Enhances visual quality

— Improve air quality

— Provides recreational opportunities
— Economic benefits

The role that buffers are able to play needs to be understood. For instance, they cannot
mitigate point source impacts such as sewage outflows or storm water drains. These require
other approaches.

The DWAF General Authorisation (2009) for any development occurring within 500 m of a
wetland requires a risk-based evaluation of the potential impact of the project to be carried
out on the development and the potential risks that the development may involve (N Fourie,
pers comm.). There is a completed but not yet published Water Research Commission
report (MacFarlane et al., in press. WRC Project number K5/2200) detailing research on the
development of a process to assess the risk to a water body from the surrounding land use.
This presents a repeatable method for assessing risk and will be tested by the DWS with a
view to accepting it as the guideline for assessing the necessary buffer zone width to protect
a body of water.

Wetland inventory

Volume 13 of the Ramsar Handbooks on Wise Use (2010) note that wetland inventory has

multiple purposes which include:

e Listing particular types, or even all, wetlands in an area

¢ Listing wetlands of local, national and/or international importance

e Describing the occurrence and distribution of wetland taxa

e Describing the occurrence of natural resources such as peat, fish or water

¢ Establishing a baseline for measuring change in the ecological character of wetlands

e Assessing the extent and rate of wetland loss or degradation

e Promoting awareness of the value of wetlands

¢ Providing a tool for conservation planning and management

e Developing networks of experts and cooperation for wetland conservation and
management.

The Ramsar Convention designated wetlands of international importance originally for their
importance for water birds, especially migratory birds, but this scope has now been
broadened. Most of the wetlands designated, however, are clearly defined and usually
large. Volume 13 of the Ramsar handbooks for wise use (2010) presents a hierarchical
approach for the delineation of wetlands for the sake of designating wetlands of international
importance. The first steps are taken at desktop before moving into the field, as follows:

o Level 1. Desktop — the first assessment is at a broad level, considering the geology.
Climate and ecoregion of the wetland. This is based on existing datasets.

e Level 2: Desktop — the second level of assessment is based on Level 1, but with the
hydrology and vegetation of the wetland included.

o Level 3: Fieldwork is undertaken at this level to identify physical, physico-chemical and
biological features of wetland complexes within each wetland region. This is done at a
broad scale.

o Level 4. Level 4 assessment involves fieldwork to identify and analyse the physical,
physico-chemical and biological features of wetland habitat within each complex. — plant
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and animal assemblages and species — land and water use — wetland management at a
greater level of detail than undertaken at Level 3.

Volume 13 of the Ramsar Handbooks (2010) gives detail on the monitoring requirements for
designated wetlands. Recognising that monitoring can be expensive, programmes should be
cost-effective and adequate for management purposes (see Section XX — Adaptive
Management). Rapid assessment techniques are suitable for broad-scale implementation
and may provide adequate data for broad-scale management. However, detailed
guantitative monitoring is often required for specific sites. The Ramsar framework for the
design of a monitoring framework is discussed under the section titled ‘The identification,
and development where necessary, of a suite of indicators for monitoring the health of the
ecosystem services identified as important in the area to be conserved'.

Volume 15 of the Ramsar Handbooks on Wise Use (2010) provides a framework for
planning a wetland inventory (Table 1). In order to complete the task to the standard
required by the Ramsar Convention, the requirement is that all steps to be followed. They
do, however, suggest that the emphasis may be placed on ecosystem services if this is
desirable.

Table 1: A structured framework for planning a wetland inventory

Step Guidance

1. State the purpose and objective State the reason(s) for undertaking the
inventory and why the information is
required, as the basis for choosing a spatial
scale and minimum data set.

2. Review existing knowledge and Review the published and unpublished
information literature and determine the extent of
knowledge and information available for
wetlands in the region being considered.

3. Review existing inventory methods Review available methods and seek expert
technical advice to: a) choose the methods
that can supply the required information;
and b) ensure that suitable data
management processes are established.

4. Determine the scale and resolution Determine the scale and resolution required
to achieve the purpose and objective
defined in Step 1.

5. Establish a core or minimum data set Identify the core, or minimum, data set
sufficient to describe the location and size of
the wetland(s) and any special features.
This can be complemented by additional
information on factors affecting the
ecological character of the wetland(s) and
other management issues, if required.

6. Establish a habitat classification Choose a habitat classification that suits the
purpose of the inventory, since there is no
single classification that has been globally
accepted
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Step

Guidance

7. Choose an appropriate method

Choose a method that is appropriate for a
specific inventory based on an assessment
of the advantages and disadvantages, and
costs and benefits, of the alternatives.

8. Establish a data management system

Establish clear protocols for collecting,
recording and storing data, including
archiving in electronic or hardcopy formats.
This should enable future users to
determine the source of the data, and its
accuracy and reliability. At this stage it is
also necessary to identify suitable data
analysis methods. All data analysis should
be done by rigorous and tested methods
and all information documented. The data
management system should support, rather
than constrain, the data analysis.

A meta-database should be used to: a)
record information about the inventory
datasets; and b) outline details of data
custodianship and access by other users.

9. Establish a time schedule and the level of
resources that are required

Establish a time schedule for: a) planning
the inventory; b) collecting, processing and
interpreting the data collected; c) reporting
the results; and d) regular review of the
program.

Establish the extent and reliability of the
resources available for the inventory. If
necessary make contingency plans to
ensure that data is not lost due to
insufficiency of resources.

10. Assess the feasibility & cost
effectiveness

Assess whether or not the program,
including reporting of the results, can be
undertaken within under the current
institutional, financial and staff situation.
Determine whether the costs of data
acquisition and analysis are within budget
and that a budget is available for the
program to be completed.

11. Establish a
reporting procedure

Establish a procedure for interpreting and
reporting all results in a timely and cost
effective manner.

The report should be succinct and concise,
indicate whether or not the objective has
been achieved, and contain
recommendations for management action,
including whether further data or information
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Step Guidance

is required.
12. Establish a review and evaluation Establish a formal and open review process
process to ensure the effectiveness of all

procedures, including reporting and, when
required, supply information to adjust or
even terminate the program.

13. Plan a pilot study Test and adjust the method and specialist
equipment being used, assess the training
needs for staff involved, and confirm the
means of collating, collecting, entering,
analysing and interpreting the data. In
particular, ensure that any remote sensing
can be supported by appropriate “ground-
truth” survey.

Inventory of SA Wetlands — NFEPA Project

SANBI has coordinated the South African wetland inventory since 2004 and has to date
produced four versions of the National Wetland Map. Version 4 of the National Wetland Map
formed the foundational data layer for the National Freshwater Ecosystems Priority Areas
(NFEPA) project (Driver et al., 2011; Nel et al., 2011a, 2011b).

The NFEPAs are a set of strategic spatial priorities for conserving water ecosystems and
supporting the sustainable use of water resources. Development pressures result in it not
always being possible to maintain all water ecosystems in good ecological condition.
However, in order to support the health and sustainability of water ecosystems and thus the
provision of water-related ecosystem services, a certain proportion of water ecosystems
need to be maintained in good ecological condition. The NFEPASs represent such a set of
ecosystems, derived systematically and proactively, in the most efficient configuration,
based on the best available science.

NFEPA maps are available on the SANBI BGIS website (http://bgis.sanbi.org) both as image
files and as shape files that can be manipulated in GIS. In addition to the maps, two
supplementary reports have been published:

e A technical report, which explains the scientific methods and stakeholder engagement
process used to create the map products and the analysis of legal and institutional
mechanisms available for implementing NFEPA products

¢ An implementation manual that provides guidance on how to use the FEPA maps in the
water sector, the biodiversity sector and other key sectors whose planning and decision
making impacts on freshwater ecosystems

The NFEPA maps provide a single, nationally consistent information source for incorporating
water ecosystem goals into planning and decision-making processes. Not every FEPA can
automatically be considered key ecological infrastructure, but when combined with other
information sources, the NFEPA maps remain a primary input in the identification of
ecological infrastructure of significance for water security.
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The maps support integrated water resource management by providing guidance on how
many rivers, wetlands and estuaries, and which ones, should remain in a natural or near-
natural condition to support the water resource protection goals of the National Water Act.
This does not mean FEPASs should be restricted from human use, but rather that they should
be supported by good planning, decision-making and management to ensure that human
use does not impact unduly on the condition of the resource.

The NFEPA project responds to the high levels of threat prevalent in river, wetland and
estuary ecosystems of South Africa and provides strategic spatial priorities for conserving
the country’s freshwater ecosystems and supporting sustainable water resources.

The history of the NFEPA initiative, provided by SANBI on the following website
(http://bgis.sanbi.org/nfepal/project.asp?) provides the following background history to the
project.

Freshwater ecosystems provide a valuable natural resource, with economic, aesthetic,
spiritual, cultural and recreational value. Yet the integrity of freshwater ecosystems in South
Africa is declining at an alarming rate largely as a consequence of a variety of challenges
that are practical (managing vast areas of land to maintain connectivity between freshwater
ecosystems), socio-economic (competition between stakeholders for utilisation) and
institutional (building appropriate governance and co-management mechanisms).

The first National Spatial Biodiversity Assessment (NSBA) in 2004 provided a national
assessment of the status of terrestrial, river, marine and estuarine ecosystems and identified
broad priority areas for biodiversity conservation for terrestrial ecosystems. Freshwater
ecosystems were lacking as some critical datasets was unavailable. However, the NSBA
highlighted the dire state of river ecosystems in South Africa, which were far worse than the
state of terrestrial ecosystems.

In 2006, (Roux et al., 2006) a process was initiated to develop cross-sector policy objectives
for conserving South Africa’s inland water biodiversity, which led to the definition of a
national goal for freshwater conservation policy in South Africa: “to conserve a sample of the
full diversity of species and the inland water ecosystems in which they occur, as well as the
processes which generate and maintain diversity”. Five policy objectives, each with a set of
recommendations, were identified in order to achieve this goal:

e Set and entrench quantitative targets

¢ Plan for the representation of inland water biodiversity

¢ Maintain the processes which encourage the evolution and persistence of ecosystems
e Establish a network of inland water conservation areas and

e Enable effective implementation

NFEPA takes forward the implementation of the Cross-Sector Policy Objectives for Inland
Water Conservation. It also builds on the river component of the National Spatial Biodiversity
Assessment (NSBA) 2004.

Roux et al. (2006) note that a loss of biodiversity inevitably leads to ecosystem degradation
and the subsequent loss of important ecosystem services. This loss is most detrimental to
the rural poor who rely directly on the ecosystem services, particularly the provisioning
services, most heavily. Taking cognisance of the above, the quantitative target for inland
water biodiversity conservation in South Africa has been set at ‘at least 20% of each inland
water ecosystem type (determined at an appropriate scale) should be in the Natural Class in
the DWAF (now DWS) water resource classification system’. Rivers-Moore (2011),
however, found that the Beta-diversity turned over in less than 20% of the river length in the
upper reaches, requiring a higher percentage of the river than the blanket 20% to be
conserved.
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The national goal of the NFEPA initiative is

To conserve a sample of the full variety or diversity of inland water ecosystems that
occur in South Africa, including all species as well as the habitats, landscapes, rivers
and other water bodies in which they occur, together with the ecosystem processes
responsible for generating and maintaining this diversity, for both present and future
generations.

The wetland inventory undertaken by SANBI is broader than a straightforward inventory, as
it addresses the sustainability of wetlands and rivers and their contribution to the
conservation of aquatic biodiversity. The NFEPA project was conceptualised with these
objectives in mind.

Over 100 000 South African wetlands have been delineated during the NFEPA project using
a combination of remote sensed data and existing mapped localities. The project team
recognise that not all wetlands have been mapped and that there are some substantial gaps
that still need to be filled. The NFEPA initiative, however, identifies priority wetlands and
rivers for protection in South Africa and provides an important tool for planning and
prioritising interventions.

The NFEPA project does not differentiate between the various types of wetland as defined
by SANBI (2012). The different types of wetlands occur in different parts of the landscape
and do not all provide the same basket of ecosystem services. For instance, un-channelled
valley bottom wetlands, a critically endangered wetland type (Van Vuuren, 2014), are more
effective at upgrading water quality than are channelled valley bottom wetlands, but impacts
on unchannelled valley bottom wetlands tend to erode channels, reducing their effectiveness
in the delivering this ecosystem service.

Ecological Infrastructure

Ecological infrastructure refers to naturally functioning ecosystems that deliver valuable
services to people, such as water and climate regulation, soil formation and disaster risk
reduction (Ecological infrastructure fact sheet, 2014). It is the nature-based equivalent of
built or hard infrastructure, and is just as important for providing services and underpinning
socio-economic development. Ecological infrastructure includes, for instance, healthy
mountain catchments, rivers, wetlands, coastal dunes, and nodes and corridors of natural
habitat, which together form a network of interconnected structural elements in the
landscape. Manuel (2012) notes that in spite of integrated planning networks and the
existence of good ecological information, the environment is often seen as an obstacle to
development, and if the high growth rate envisaged by the national Development Plan (NPC,
2011) is to be achieved through construction and extraction-based development, then the
environment will certainly be an obstacle. Planning and managing the ecological
infrastructure will provide for ecologically sustainable development while promoting
economic and social development. Investing in ecological infrastructure is a low-cost high-
return development strategy with multiple social, economic and environmental gains.

Ecosystem Services Provided by Wetlands

Wetlands provide a variety of ecosystem services such as ground water recharge, flood
attenuation, pollution abatement, habitat for biodiversity, recreation opportunities, and
provide for the livelihood of some communities through the harvesting of resources. Barbier
et al. (1997) provides the following examples: Wetland systems directly support millions of
people and provide goods and services to the communities outside the wetland. For
example, wetland soils are used for agriculture, fish are caught to eat, trees are cut for
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timber and fuel wood and wetland reeds are harvested to make mats and to thatch roofs.
Direct use takes the form of recreation, such as bird watching or hiking. Communities benefit
indirectly from wetland functions or services. As flood water flows out over a floodplain
wetland, the water is temporarily stored which reduces the peak river level to prevent
flooding of riparian dwellers downstream. The value of wetland ecosystem services has also
been emphasised by Becker (1998), who states that wetlands are considered to be a good
last line of defence for water quality problems. Wetlands can retain up to 96% of nitrogen
and 97% of phosphorus and thus have the potential to significantly lower the cost of sewage
treatment (Bolund and Hunhammar, 1999). Table 2 summarises some of the ecosystem
services offered by wetlands.

Table 2: Wetlands functions, related effects of functions, and corresponding societal values
(Lechine et al., 1997 as adapted from NRC 1995)

Functions Effects Societal Value
Hydrologic
e Short-term surface water | ¢ Reduced downstream e Reduced damage from
storage flood peaks floodwaters
e Long-term surface water | e Maintenance of base e Maintenance of fish
storage flows, seasonal flow habitat during dry periods
¢ Maintenance of high distribution e Maintenance of
water table e Maintenance of biodiversity

hydrophytic community « Wood production
e Maintenance of nutrient

Biogeochemical o i
9 stocks within wetlands * Maintenance of water

Transformation, cyclin quality
) of elements Yo * Reduced transport of e Maintenance of water
nutrients downstream quality

e Retention, removal of . .
e Retention of nutrients,

dissolved substances
metals, other substances * Support for furbearers,

e Accumulation of e Food " f waterfow!
inorganic sediments 00d, nesting, cover for ¢ Maintenance of
animals o )
biodiversity
_ e Support for populations
Habitat and Food Web of vertebrates
Support

e Maintenance of
characteristics plant
communities

e Maintenance of
characteristic energy flow

The framework developed through the Millennium Ecosystem Assessment (2005) provides a
way of understanding ecosystem services which has been widely adopted and is currently
the standard. This has been taken further through the Economics of Ecosystems and
Biodiversity (TEEB). The following brief descriptions of 17 ecosystem services are taken
from the TEEB (The Economics of Ecosystems and Biodiversity) web site
http://www.teebweb.org/resources/ecosystem-services/ .
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Provisioning services

Provisioning Services are ecosystem services that describe the material or energy outputs
from ecosystems. They include food, water and other resources.

Food: Ecosystems provide the conditions for growing food. Food comes principally from
managed agro-ecosystems but marine and freshwater systems or forests also provide food
for human consumption. Wild foods from forests are often underestimated.

Raw materials: Ecosystems provide a great diversity of materials for construction and fuel
including wood, biofuels and plant oils that are directly derived from wild and cultivated plant
species.

Fresh water: Ecosystems play a vital role in the global hydrological cycle, as they regulate
the flow and purification of water. Vegetation and forests influence the quantity of water
available locally.

Medicinal resources: Ecosystems and biodiversity provide many plants used as traditional
medicines as well as providing the raw materials for the pharmaceutical industry. All
ecosystems are a potential source of medicinal resources.

Regulating services

Regulating Services are the services that ecosystems provide by acting as regulators, e.g.
regulating the quality of air and soil or by providing flood and disease control.

Local climate and air quality: Trees provide shade whilst forests influence rainfall and water
availability both locally and regionally. Trees or other plants also play an important role in
regulating air quality by removing pollutants from the atmosphere.

Carbon sequestration and storage: Ecosystems regulate the global climate by storing and
sequestering greenhouse gases. As trees and plants grow, they remove carbon dioxide from
the atmosphere and effectively lock it away in their tissues. In this way, forest ecosystems
are carbon stores. Biodiversity also plays an important role by improving the capacity of
ecosystems to adapt to the effects of climate change. (See also the section on carbon
sequestration by wetlands below.)

Moderation of extreme events: Extreme weather events or natural hazards include floods,
storms, tsunamis, avalanches and landslides. Ecosystems and living organisms create
buffers against natural disasters, thereby preventing possible damage. For example,
wetlands can soak up floodwater whilst trees can stabilize slopes. Coral reefs and
mangroves help protect coastlines from storm damage.

Wastewater treatment: Ecosystems such as wetlands filter both human and animal waste
and act as a natural buffer to the surrounding environment. Through the biological activity of
microorganisms in the soil, most waste is broken down. Thereby pathogens (disease
causing microbes) are eliminated, and the level of nutrients and pollution is reduced.

Erosion prevention and maintenance of soil fertility: Soil erosion is a key factor in the
process of land degradation and desertification. Vegetation cover provides a vital regulating
service by preventing soil erosion. Soil fertility is essential for plant growth and agriculture
and well-functioning ecosystems supply the soil with nutrients required to support plant
growth.

Pollination: Insects and wind pollinate plants and trees which is essential for the
development of fruits, vegetables and seeds. Animal pollination is an ecosystem service
mainly provided by insects but also by some birds and bats. Some 87 out of the 115 leading
global food crops depend upon animal pollination including important cash crops such as
cocoa and coffee (Klein et al., 2007).
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Biological control: Ecosystems are important for regulating pests and vector borne diseases
that attack plants, animals and people. Ecosystems regulate pests and diseases through the
activities of predators and parasites. Birds, bats, flies, wasps, frogs and fungi all act as
natural controls.

Habitat or supporting services

Habitats for species: Habitats provide everything that an individual plant or animal needs to
survive: food; water; and shelter. Each ecosystem provides different habitats that can be
essential for a species’ lifecycle. Migratory species including birds, fish, mammals and
insects all depend upon different ecosystems during their movements.

Maintenance of genetic diversity: Genetic diversity is the variety of genes between and
within species populations. Genetic diversity distinguishes different breeds or races from
each other thus providing the basis for locally well-adapted cultivars and a gene pool for
further developing commercial crops and livestock. Some habitats have an exceptionally
high number of species which makes them more genetically diverse than others and are
known as ‘biodiversity hotspots’

Cultural services

Recreation and mental and physical health: Walking and playing sports in green space is not
only a good form of physical exercise but also lets people relax. The role that green space
plays in maintaining mental and physical health is increasingly being recognized, despite
difficulties of measurement.

Tourism: Ecosystems and biodiversity play an important role for many kinds of tourism which
in turn provides considerable economic benefits and is a vital source of income for many
countries. In 2008 global earnings from tourism summed up to US$ 944 billion. Cultural and
eco-tourism can also educate people about the importance of biological diversity.

Aesthetic appreciation and inspiration for culture, art and design: Language, knowledge and
the natural environment have been intimately related throughout human history. Biodiversity,
ecosystems and natural landscapes have been the source of inspiration for much of our art,
culture and increasingly for science.

Spiritual experience and sense of place: In many parts of the world natural features such as
specific forests, caves or mountains are considered sacred or have a religious meaning.
Nature is a common element of all major religions and traditional knowledge, and associated
customs are important for creating a sense of belonging.

Implications for the study

Eskom is aso a user of wetland ecosystem services, as are users downstream. One of the risks
identified by Eskom relates to deteriorating water quality in the catchments where their power stations
are situated. The optimisation of the ecosystem services associated with wetlands for the benefit of
Eskom should be investigated and potentially harnessed.

In a series of publications (Wetland Management Series) (Dada et al., 2007 and others in
the WET series, 2009) on wetland rehabilitation several tools were developed for use by
South African role-players. These tools were developed as part of a comprehensive nine-
year research programme on wetland management which was initiated in 2003 by the Water
Research Commission (WRC) and a range of partners. The research examined wetland
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rehabilitation, wetland health and integrity and the sustainable use of wetlands. The WET-
EcoServices publication contains the tool used to assess the services that individual
wetlands provide. The tool provides guidelines for scoring the importance of a wetland in
delivering each of 15 different ecosystem services (including flood attenuation, sediment
trapping and provision of livestock grazing).

Implicationsfor the study

Well-researched tools have been developed specificaly for the South African landscape to identify
and evaluate ecosystem services associated with wetlands. New developments for which
environmental authorisation is required, have to assess the potential impact on wetlands and the
functions which they perform. Whilst the ecosystem services have been identified, this is not aways
pulled through to continuous monitoring and evaluation.

The Value of Ecosystem Services from Wetlands

The ecosystem services from wetlands have a higher value than other inland ecosystems.
Table 3 (extracted from de Groot et al., 2012) gives the average values of the ecosystem
services from a number of studies reported in the literature.

Table 3: The average values (in Int. $/ha y) of ecosystem services per biome (extracted from de
Groot et al., 2012).

Biome

Marine | Coral | Coastal Coastal Inland Rivers | Tropical | Temperate | Woodlands | Grasslands
---------------- reefs | systems | wetlands | wetlands | and forest forest

lakes

Ecosystem
services
No. of 14 94 28 139 168 15 96 58 21 32
estimates
Provisioning | 44, ?g L, | 239 2998 1659 1914 | 1828 |e671 253 1305
Regulating | g5 gg 25847 | 171515 | 17364 187 2529 491 51 159
Habitat 5 ;6130 375 17 138 2 455 0 39 862 1277 1214
Cultural 319 ;g? 300 2193 4203 2166 | 867 990 7 193
Total 352
economic 491 a9 | 28917 | 193845 | 25682 4267 | 5264 3013 1588 2871
value

Table 4 gives the breakdown of the contributions of the value of the benefits derived from
ecosystem services for each of the main categories given in Table 3 for inland wetlands.
The regulating services are the most valuable, making up 2/3 of the total value of the
benefits.
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Table 4: The average values (in Int.$/hal/yr) of ecosystem services for inland wetlands, showing
the contributions of individual services to the total value (extracted from de Groot et al., 2012).

ECOSYSTEM SERVICE Int.$/halyr
PROVISIONING SERVICES | 1659
1 Food 614

2 Water 408

3 Raw materials 425

4 Genetic resources

5 Medicinal resources 99

6 Ornamental resources 114
REGULATING SERVICES | 17,364
7 Air quality regulation

8 Climate regulation 488

9 Disturbance moderation 2986
10 Regulation of water flows | 5606
11 Waste treatment 3015
12 Erosion prevention 2607
13 Nutrient cycling 1713
14 Pollination

15 Biological control 948
HABITAT SERVICES 2455
16 Nursery service 1287
17 Genetic diversity 1168
CULTURAL SERVICES 4203
18 Esthetic information 1292
19 Recreation 2211
20 Inspiration 700
21 Spiritual experience

22 Cognitive development

TOTAL ECONOMIC 25,682

VALUE

29



Kotze et al. (2009) developed a method for evaluating 15 ecosystem services delivered by
wetlands. The authors recognise that different HGM types of wetlands offer different
ecosystem services, for instance, floodplains characteristically contribute to the attenuation
of floods and Unchannelled valley bottom wetlands are more effective at trapping sediments.
They recognise, nevertheless, that the scores obtained from different wetland types may sitill
be compared and will give a measure of the basket of benefits provided by the wetlands
under consideration. This procedure provides the basis for estimating the ecosystem
services available from a wetland. It also provides an effective method for determining the
ecological importance and sensitivity of a wetland

Carbon Sequestration by Wetlands

Carbon sequestration is not given explicitly by de Groot et al. (Table 4), but Euliss et al.
(2006) working on the prairies of North America, found that wetlands sequestered twice the
organic carbon as no-till cropland on about 17% of the area, making wetlands important non-
forest carbon sinks.

Carbon can occur in the soil either as inorganic or organic form. Inorganic carbon originates
mainly from the parent material (Nelson & Sommers, 1996). Soil organic carbon (SOC)
originates from living material. SOC is a dynamic component of an ecosystem, and its
accumulation is based on a balance between input (organic matter production) and output
(decomposition, methanogenesis, and erosion). Typical wetland characteristics contribute to
the fact that wetlands are one of the most effective ecosystems for storing soil carbon
(Adhikari et al., 2009); although it is important to note that not all wetlands, even if constantly
waterlogged, accumulate carbon equally effectively. South African soils have low organic
matter levels; according to Du Preez et al. (2011), about 58% of soils contain less than 0.5%
organic carbon and only 4% contain more than 2% organic carbon. Although any ecosystem
might have a high organic matter input, SOC is usually quickly lost to the atmosphere due to
aerobic microbial decomposition of the organic matter. As wetlands are hostile environments
for most microbes, these ecosystems have the ability to accumulate SOC very effectively
(Fey, 2010):

e Wetlands are characterized by waterlogged soil. This inhibits the action of the dominant
aerobic microbes and facilitates the activity of anaerobic microbes, slowing the
decomposition of organic material and leading to the accumulation of SOC.

e Wetlands are usually acidic due to waterlogging. This limits the range of microbial types
that can survive in this environment, contributing to reduced decomposition rates.

e Wetland soils are leached, providing little nutrition in the soil for microbes to survive.

e In cold environments SOC usually accumulates even more effectively as low
temperatures also inhibit microbial activity. This is the reason why most peatlands of the
world are found in the northern hemisphere (Hinsby, 2011).

Decomposition in wetlands is, however, a complex matter based on humerous secondary,
inter-related factors such as climate, wetland type and hydrogeomorphic setting,
hydroperiod, quality and quantity of the organic matter, microbial communities, electron
acceptor supply, low redox potentials and pH (Reddy & DelLaune, 2008; Bernal & Mitch,
2006; Neue et al., 1997).

While wet, anaerobic soils in permanently wet wetlands tend to accumulate large amounts of
organic matter in a partially decomposed condition (Adhikari et al., 2009), SOC in seasonal
or temporary wetlands oxidizes during the dry periods. Both Bernal & Mitsch (2008) and
Cresser et al. (2007) found that 40-60% of the carbon pool in soil occurs in the top 25 cm of
the soil. SOC content and decomposition rates also decrease with the depth of a soil profile,
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as most organic matter input takes place at the soil surface, (Reddy & DelLaune, 2008;
Reddy et al., 2000).

Peatlands are wetlands characterized by the accumulation of a layer of decomposed organic
material. The International Mire Conservation Group (IMCG) defines peatlands as wetlands
with more than 30% organic matter (roughly equal to 20% organic carbon or more), in a
layer of more than 30 cm thick. In South Africa, a wetland is regarded as a peatland when it
contains 20% or more SOC of a thickness of 20 cm or more. Although peatlands cover only
3% of land area worldwide, they contain 30% of the global SOC, making them an invaluable
carbon sink. Equally, destroyed or degraded peatlands can significantly contribute to
greenhouse gas emissions. According to estimation by Maltby et al. (1993) the
mineralization process in a drained peatlands starts immediately, and results in emission of
carbon dioxide ranging between 2.5 and 10t C/ha/yr.

Figure 5: An example of the comparative qualitative assessment of the carbon storage
capacity across wetland types derived from the DFN decision support matrix, comparing the
relative carbon store size per unit area across wetland types

Implicationsfor the study

Carbon plays an integral part in the chemical and physical functioning of wetlands. However, carbon
is easily lost when awetland is degraded or impacted on. In order for Eskom to realize the true value
of the wetland systems found on their property, it is important that they understand the processes and
dynamics of carbon in wetlands.

Wetlands play an important role in carbon sequestration and present opportunities for Eskom in this
regard.
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Ecosystem services derived from carbon in wetlands

According to Doran and Parkin (1994) soil quality is ‘the capacity of soil to function within
ecosystem and land use boundaries to sustain biological productivity, maintain
environmental quality, and promote plant, animal and human health’. Soil health is ‘the
continued capacity of soil to function as a vital living system, within ecosystem and land use
boundaries, to sustain biological productivity, promote the quality of air and water
environments, and maintain plant, animal and human health’. The organic matter content of
soils is a key attribute to both soil health and soil quality (Du Preez et al., 2010).

SOC is a major driver of biogeochemical processes in wetlands (Bernal & Mitch, 2008). It
maintains the most important soil functions by improving cation exchange capacity, buffer
pH, supplying nutrients such as nitrogen and phosphorous, providing long-term storage for
nutrients in the soil, lowering bulk density, and increasing hydraulic conductivity, soil stability,
infiltration capacity, and water holding capacity (Passoni et al., 2009; Reddy & Delaune,
2008), all of which form an integral part of a very productive ecosystem. It also increases soil
fertility (Jankauskas et al., 2006) and strongly influences the binding and buffering capacity
of soil, thus diminishing the diffusion of pollution from soil to water (CEC, 2002).

Carbon credits and offsetting

Various definitions exist for the term ‘carbon credit’, but the message is the same. A carbon
credit can be a certificate or permit showing that the holder has paid to have a certain
amount of carbon dioxide removed from the environment (Collins English Dictionary, 2013).
It can also be used as a generic term to assign a value to a reduction or offset of GHG
emissions. A carbon credit is usually equivalent to one ton of carbon dioxide equivalent (The
Carbon Credit Network, 2012) and can be traded in the international market at their current
market price (Investopedia Inc., 2013).

The aim of carbon markets is to attempt to mitigate the increase in concentrations of GHGs.
The Kyoto Protocol formed the basis for the current carbon economy. It was adopted in
December 1997 in Kyoto, Japan, and came into force in February 2005 when the mandatory
number of countries acceded to it. The Kyoto Protocol is only binding on countries regarded
to be the main contributors of GHG emissions, and sets limits on the emissions of six GHGs
by industrialised countries, who, in turn, set quotas on the emissions of local business and
organizations. The targets vary between countries, but the aim is to have reduced the
combined emissions by 5% of the 1990 levels by 2012 (Scholtz & De Villiers, undated).

The Carbon market concept originates from the Clean Development Mechanism (CDM), one
of the Kyoto Protocol’'s three market-based mechanisms. It was envisaged as: “a way to
allow industrial countries greater flexibility in meeting their emissions targets, while at the
same time transferring cleaner technologies to developing countries so they can build
cleaner technologies into their own economic development programs” (Scholtz & De Villiers,
undated). There are two carbon markets:

o Verified Carbon Market — Verified Emission Reduction credits are bought by companies
who wish to offset their carbon footprint.
e Compliance Carbon Market — The compliance market is reserved for institutional trade,

where large companies are necessitated to offset their carbon footprint every year to
reach the Kyoto Protocol targets enforced by their respective governments.

The trading of carbon on the carbon market follows an emissions-trading approach. GHG
emissions are capped, where after markets are used to allocate the emissions among the
group of regulated sources. This allows market mechanisms to drive industrial and
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commercial processes to lower emissions or reduce carbon intensive approaches. There are
two types of carbon transactions (Scholtz & De Villiers, undated):

¢ Allowance-based transactions — credits created and allocated to a party by regulators
under a cap-and-trade regime such as the Assigned Amount Units under the Kyoto
Protocol are purchased.

e Project-based transactions — credits are purchased from a project that already reduces
GHG emissions. These projects are usually under the CDM or Joint Implementation
mechanisms.

CDM projects result in three types of Kyoto units (UNFCC, 2008):

e Certified emission reductions (CERS) (issued for projects that reduce emissions);

e Temporary CERs and

e Long-term CERs (both temporary and long-term CERs are issued for projects that
enhance removals through afforestation and reforestation projects).

The CDM Executive Board supervises the CDM, and is responsible for registering projects,
approving methodologies for determining project baselines, monitoring emission reductions,
and for issuing CERs (UNFCC, 2008).

Each user of carbon credits has a certain allowance of credits. Unused credits can be sold to
users who are about to exceed their quotas, privately or on the open market (which functions
almost like the stock exchange — the Chicago Climate Exchange and the European Union's
Emissions Trading Scheme are examples hereof (Hansen, 2009)). Any GHG mitigation
projects which generate carbon credits can use these to finance carbon reduction
schemes between partners around the world. There are also many companies that sell
carbon credits to commercial and individual customers who wish to lower their carbon
footprint (UNFCC, 2007). As demand for energy grows, the total emissions must still stay
within the cap, but it allows industry some flexibility and predictability in its planning to
accommodate this.

A report by Hallowes (2009), however, deems carbon trading as a failure, stating that ‘there
is no link between the price of carbon and the costs of climate change, or the costs of
emissions reduction required to seriously mitigate climate change; and no necessary link
between the number of credits in circulation and an overall reduction in greenhouse gas
emissions.’

Carbon credits and offsetting in the European Union

EU initiatives to reduce greenhouse gas emissions include (EC, 2013):

e The European Climate Change Programme (ECCP), which has led to the implementation
of new policies and measures;

e The EU Emissions Trading System, which has become the EU's key tool for reducing
greenhouse gas emissions from industry most cost-effectively;

e Adopting legislation to raise the share of energy consumption produced by renewable
energy sources, such as wind, solar and biomass, to 20% by 2020;

e Setting a target to increase Europe's energy efficiency by 20% by 2020 by improving the
energy efficiency of buildings and of a wide array of equipment and household appliances;

¢ Binding targets to reduce CO, emissions from new cars and vans;

e Supporting the development of carbon capture and storage (CCS) technologies to trap
and store CO; emitted by power stations and other major industrial installations.
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Most of the EU initiatives revolve around cutting greenhouse gases through using less, or
increasing efficiency. The EU mandate that by 2020, all member states would have cut their
emissions up to 20% below the 1990 levels and up to 80-95% of the 1990 levels by 2050.

The EU states that “In the EU, the forest and agriculture sectors counter some of these
emissions by removing an amount of carbon from the atmosphere equal to about 9% of the
EU's total greenhouse gas emissions in other sectors. A variety of different land uses and
management practices can limit emissions of carbon and enhance removals from the
atmosphere within forestry and agriculture.” (EC, 2012). In addition to actual emission
changes, they can trade according to the credits gained by participating in LULUCF (Land
Use, Land Use Change and Forestry). These activities are contained to forestland
management, cropland management, grazing land management and/or revegetation. Added
later to LULUCF is wetland drainage and rewetting (EUROPA, 2012).

Carbon credits and offsetting in RSA

South Africa is one of the most carbon intensive economies in the world. CO, emissions for
2004 were estimated at 440-million tons (Hallowes, 2009). The designated national authority
in South Africa is the Department of Energy. In practice, however, the Department of
Environmental Affairs is the lead department for implementing UNFCCC and dealing with
climate change.

According to Scholtz & De Villiers (undated) the first carbon credits were issued in June
2008 in South Africa. Since then 228 CDM projects have been submitted to the Department
of Energy of which 189 were Project Idea Notes and 39 Project Design Documents (PDDs).
Twenty of the 39 PDDs have been registered as CDM projects (7 was issued with carbon
credits), and 19 are at different stages of the project cycle. These projects concerns bio-
fuels, energy efficiency, waste management, fuel switching and hydro-power, and include
sectors such as manufacturing, mining, agriculture, energy, waste management, housing,
transport and residential. Very few South African companies have been awarded carbon
credits, and the public remain hesitant to take advantage of CDMs. Examples of CDM
projects in South Africa are:

e The Kuyasa project based in the Khayelitsha settlement in Cape Town. The project
involved retrofitting eight low-cost houses and two créches with energy-saving devices
such as insulated ceilings, low-watt bulbs and solar water heaters, saving almost 2.85
tons of CO, each year. These buildings are 5% warmer in winter and 5% cooler in
summer allowing a saving of up to 40% on electricity bills. In August 2004 the project was
allowed to earn carbon credits. The project was also awarded joint third place at the global
Point Carbon’s Best CDM Project 2004 Competition in Amsterdam.

e The eThekwini Municipality Landfill project aims to generate electricity through the
fermentation of household waste. The methane released by the waste is then converted
into electric power by generators. The project is expected to generate up to 10 Megawatts
of electricity (enough to supply light to approximately 9000 homes). This will reduce the
volume of coal burnt at city power stations, thereby reducing GHG emissions.

e More recently, Gold Fields’ Beatrix Mine in Welkom has been accorded CDM status. The
project captures methane gas at source in the mine. The gas is then conveyed to the
surface and then flared or used to generate electricity. It is expected that this activity will
reduce the mine’s carbon emissions by 1.7 million tons of CO2 equivalent between 2011
and 2018. Gold Fields could earn up to R200 million from the sale of carbon credits that
will be yielded from the Beatrix Mine project.
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In 2004 Eskom accounted for more than 40% of South Africa’s carbon emissions (Hallowes,
2009). However, according to Eskom’s annual results presentation (Eskom, 2009; Eskom,
2011) the company has medium to long-term plans aligned to Government plans to mitigate
and reduce relative emissions by 2025 by changing their CO2 footprint and diversifying their
plant mix to reflect their climate change mitigation.

Implicationsfor the study

South Africa is a signatory to the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol, and is committed to sustainable development in such away asto
benefit to the economy, society and the environment. Eskom delivers an essential service to the
country, but, being responsible for amost half of South Africas carbon emissions, has a
responsibility to investigate manners in which to aleviate the negative effects that their practices are
having on aglobal scale.

Wetlands as a carbon sink

Available literature is contradictory concerning the global amount of wetland area. Kayranli et
al. (2010) suggests that wetlands only cover approximately 2-6% of global surface area
(depending on the definition of wetland), but contain a large proportion of the world’s carbon
(approximately 15x10™ kg). Mitsch and Gosselink (2007) suggest that wetlands cover 6-8%
of the global surface area and are responsible for approximately one-third (approximately
450 petagrams) of the total SOC pool (estimated to be 1550 Pg).

According to Lal (2003) soil provides an estimated 2300 Pg (2.3x1018 g) of the total C pool.
A 1982 study by Post et al. (1982) reported that wetlands cover 280 million ha globally, and
the average carbon density in wetland is 723 t/ha. This amounts to a total of 202.44 billion
tons of carbon in wetlands. According to Bernal & Mitch (2008), more research is needed to
guantify more accurately the extent of wetlands’ soil carbon pool worldwide and the
importance of wetland type, hydrological fluctuations, and climate. Nevertheless, there is no
doubt that by unit surface areas wetland ecosystems store more carbon than any other
ecosystem in the world (RAMSAR Secretariat, 2010) (Figure 5).

Wetlands are generally regarded as a sink for atmospheric carbon, a definitive element to
consider when accounting for the earth’s carbon pool. If not managed properly however,
they become a source of greenhouse gases (GHGSs) (such as CO, and methane) (Adhikari
et al., 2009; Bernal & Mitch, 2008). Conserving wetlands is therefore a practical way of
maintaining existing carbon reserves and avoiding GHG emissions. However, recent
literature reviews on the topic suggest that there is no commonly accepted agreement as to
whether wetlands are actually carbon sources or sinks, and there exists disagreement in the
interpretation of variables, reactions, and the impact of environmental conditions on carbon
storage and release. Therefore, recommendations on how to adapt policies and planning
processes to enhance carbon storage vary considerably (Kayranli et al., 2010).

Despite the recent disagreements on whether wetlands are a carbon source or sink, all types
of wetland systems — including natural-, constructed-, and treatment wetlands — have at least
the potential to sequester carbon (Kayranli et al., 2010)). Estimates of greenhouse gas
fluxes from constructed and natural wetlands indicate that fluxes from constructed wetlands
are higher than those from natural wetlands. Natural wetlands also have more carbon
sequestration capacity than the constructed wetlands. Wetland protection and restoration
measures can improve the carbon sequestration potential of wetlands. However, it takes
several decades for the carbon sequestration ability of restored wetlands to reach levels
comparable to those of natural wetlands.
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Davidson (2010) notes that when carbon storage capacity is related to surface area,
wetlands store more carbon than other ecosystems, as illustrated in Figure 6.

Figure 6: The carbon stock in both plants and soils for different biomes (Davidson, 2010)

The role of wetlands in Carbon offsetting

Up until recently, interest in restoring ecosystems to reduce or offset greenhouse gas
emissions focused mostly on forestry. It is only in recent years that this focus has shifted
towards wetland ecosystems, particularly peatlands (DFN, 2010). As mentioned before, it is
important to note that different types of wetland ecosystems sequester carbon more or less
efficiently (DFN, 2010; Hansen, 2009; Bridgham, 2006). The Danone Group, in collaboration
with the IUCN and the Ramsar Convention Secretariat, compiled an extensive report to
document the potential offset of mangrove and other wetland systems. Their findings are in
Table 5 as follows:
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Table 5: Results of the comparative qualitative assessment for all types of wetlands (adapted

from DFN (2010))

Temperate
Mangroves Tidal Tropical peat alpine and
saltmarshes swamp forests | boreal forested
wetlands
Carbon Medium-High C Medium-High High C storage | Low-High C
storage storage per unit storage per unit | per unit area, storage per unit
area, but low total | area, but low but Medium area, and High
globally total globally globally by total | globally by total
area area
Carbon High C High Medium Low-Medium
sequestration | sequestration sequestration sequestration sequestration
rates rates rates rates (but highly | rates
variable)
Emissions Low trace gas Low trace gas Low trace gas Medium-High
emissions emissions emissions trace gas
emissions
Restoration High restoration Medium-High Medium-High Medium
potential potential (if restoration restoration restoration
hydrology potential, but potential; High potential; High
functional), but Low for avoided | potential for avoided
Low emissions degradation avoided degradation
reduction globally degradation potential
from avoided
degradation
Ecosystem High ecosystem | Very High Medium-High Medium
Services services at ecosystem ecosystem ecosystem
community Level | service service services provision
provision provision
Market Well positioned Positioning for | Well positioned | Good market

development

for market

market

for market

positioning for

development development is | development some types
weak
Potential for Very High High potential High offset High offset
offset potential offset for offsets potential, potential,
potential through | through especially especially
restoration restoration, but | through through avoided
faces a current | avoided degradation, if

market gap

degradation

there is effective
management of
trace gas
emissions
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As mentioned in the previous section, all analyses conclude that wetlands (even
rehabilitated wetlands) have the potential to sequester atmospheric carbon in soils and
plants. However, the wetlands' net effect on global warming potential is still uncertain
(Hansen, 2009). While wetlands act as a carbon sink-reducing CO; levels, other GHGs may
be released (primarily methane (CH,) and nitrous oxide (N;0)). A wetland's release of CH,
and N,0 can more than offset the global warming potential of the CO, it removes from the
atmosphere. Bridgham et al. (2006) found no conclusive evidence that wetlands significantly
alter the GHG stock of carbon. However, it is admitted that a lot of uncertainty surrounds the
detail on releases of CH4and N,0 by wetlands.

Hansen (2009) developed a model with which to determine the viability of creating wetlands
for carbon credits. He found that the economic potential of restoring wetlands for the sale of
carbon offsets is limited, as the costs to rehabilitate the wetlands in his study exceeded per
acre carbon sequestration values. Together, these results suggest that in most areas,
creating wetlands for carbon offset production and sales is not likely to be economically
viable for most landowners, especially for non-forested wetlands. However, if landowners
were in the position to sell other wetland services such as water quality benefits, mitigation
banking credits, or hunting rights in combination with carbon offsets, then creating wetlands
might be profitable.

Implicationsfor the study

The use of wetlands to sequester carbon for the purpose of carbon offsetting or trading is an attractive
option. However, wetlands are unique, dynamic systems. Although alot of research has been done on
the sequestering potential of wetlands there are still uncertainties about whether we fully grasp the
functioning completely.

Site Assessment vs. a Landscape Approach

The ability of a wetland to provide an ecosystem service such as water quality improvement,
is reflected by landscape variables related to upstream and downstream land uses and land
configurations (King et al., 2003), and therefore wetlands should not be viewed as isolated
systems in the landscape, but rather as a response to broader environmental patterns.
Wetlands are too often perceived as isolated from the larger ecosystems from which they
form a part, whether it is aquatic or terrestrial. Riverine wetlands for example, are both
sources (if degraded) and sinks of pollution, and should therefore be considered as a
network of wetlands, rather than isolated patches in the landscape. Zedler and Kercher
(2005) therefore propose that preserving and restoring wetlands to improve water quality
requires a landscape approach, in order to find sites that can intercept a significant fraction
of the water shed run-off. Riverine wetlands, for example, due to their extensive interface
with uplands, have the capacity and opportunity for improving water quality (Brinson, 1988).
On average at least 5% of temperate-zone watersheds should consist of wetlands in order to
optimise ecosystem services derived from wetlands (Mitch and Gosselink, 2000). This figure
will vary, however, depending on wetland type, catchment characteristics and water
resource objectives. The authors therefore proposed that total wetland surface area required
for optimising wetland functionalities, should be determined.

Turpie et al. (2010a) undertook a study to estimate the water treatment capacity of wetlands
on a landscape scale in the South Western Cape. Samples were collected at over 100
points and analysed for a variety of water quality constituents. The authors obtained data
from 19 water treatment works, which indicated that the average cost of removal of
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ammonium nitrogen is in the order of R26 per kilogram. Based on this, the results from their
study indicated that the average potential value of the wetlands in the study area is averaged
R14 350 ha™ yr' or a total of R328 million for the wetlands in the study area. The authors
concluded that these values are high enough to compete with the alternative land uses that
threaten the existence of wetlands. As such, wetlands should be given considerably more
attention in land-use planning and regulation. The protection of wetlands in this context,
especially in stressed catchments should be incentivised.

The reader is furthermore referred to the section in this document on the prioritisation of
wetlands for rehabilitation, where wetlands and their ecosystem services reviewed are
represented at several spatial scales, including on a catchment scale.

Implicationsfor the study

The concept and methodology underlying the economic valuation of wetlands can be valuable tools
for Eskom. Potential areas of application include: to quantify impacts on wetlands, wetland offsetting
and banking as well as to analyse and quantify alternative options when proposed developments
potentially impact on wetlands.

Such an assessment and valuation should however take place with due regard to the broader
catchment characteristics and drivers of environmental change.

Wetlands on Eskom properties

Eskom has a national footprint (see Figure 2). Although the coal-fired power stations are
concentrated in the eastern Highveld area, the power line and supporting infrastructure
servitudes cover the country. The Eastern Highveld area is particularly rich in wetlands with
wetlands covering an estimated 9.9% of the Upper Olifants River Catchment (Palmer et al.,
2002). The power stations sited in this area are closely associated with wetlands. Two
examples are shown in Figure 7a and b (Grootvlei PS and Matla PS).
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Figure 7: Wetlands on and adjacent to (A) the Grootvlei PS property

Figure 8: Wetlands on and adjacent to the Matla and Kriel PS property
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An in-depth analysis of the wetlands on the Matla property is provided in Chapter 4.

The older power stations were established before the current legislation was promulgated.
An exception to this is Kusile PS. A detailed wetland management strategy has been
developed for the Kusile site which comprises 4 major sections — determination of the
wetland baseline, avoidance of wetland impacts, mitigation of impacts and compensation. A
key success factor of this strategy is the relationship between Eskom and Working for
Wetlands, with an MOU having been signed between the two organisations. This document
also takes cognisance of Eskom’s Land and Biodiversity Policy which states that

Eskom will ensure in the planning, construction, operation and decommissioning of
their activities, that measures are in place to limit the impact of its infrastructure, land
use and use of other resources on biodiversity and shall comply with all applicable
legidation (Harris et al., 2013).

Water Quality and Pollution Attenuation

The DWAF (1996: Vol 1) describes water quality to be the “physical, chemical, biological and
aesthetic properties of water which determine its fithess for a variety of uses and for
protecting the health and integrity of aquatic ecosystems. Many of these properties are
controlled or influenced by constituents that are either dissolved or suspended in water”.

Water having the unique chemical property of polarity and hydrogen bonds, can dissolve;
absorb; adsorb or suspend numerous compounds (including toxic compounds), thus losing
its purity (Momodu and Anyakora, 2010). These compounds can be acquired from sources
such as the surrounding environment; anthropogenic activities; animals and other biological
activities (Momodu and Anyakora, 2010). The materials that are dissolved or suspended in
the water may originate from point and non-point sources.

Point and non-point sources

Point sources are those sources which discharge a stream through a defined discharge point
and these discharges tend to be continuous with little variability in the environment
(Carpenter et al., 1998). Contaminants from point source discharges and their chemical
concentrations can be measured and monitored at a specific point of release, and these can
then be regulated and treated at the source (Carpenter et al., 1998). Examples of point
sources are industrial and municipal wastewater effluent, runoff and leachate from waste
disposal sites, runoff and groundwater infiltration from animal feedlots, runoff from mines,
construction sites and oil fields, and sewers (Carpenter et al., 1998).

Non-point sources (which originate from a number of activities that stretch across the
landscape) are those sources of contaminants that have been diluted by rainfall (which is
already considered as impure) and thereafter drain into water bodies as overland flow,
groundwater seepage or through precipitation from the atmosphere (Wanielista et al., 1977;
Carpenter et al., 1998). Non-point sources are more difficult to control as they, by definition,
they cannot be treated at source unless they can be collected. The sources of these
contaminants, which can be from the natural environment (generally inorganic compounds)
or from man-made pollutants which are from industries (inorganic or organic compounds),
are difficult to trace and may have a greater detrimental effect on the quality of water
(Wanielista et al., 1977). Non-point sources can be from either rural or urban regions where,
for instance, agricultural pollutants (pesticides, fertilizers and other chemicals) are used in
both subsistence and commercial farming (Wanielista et al., 1977). Pollutants from urban
areas include solid wastes, organic chemicals, street surface contaminants (heavy metals,
nutrients, pesticides, bacteria dirt and dust), and air and vehicle pollutants; where these may
vary in quantity and their distribution (Wanielista et al., 1977). According to Williamson and
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Morrisey (2000), the cumulative effects of non-point source pollution in these aquatic
ecosystems are of great concern. The use of indicators is a method of measuring amounts
of pollutants, including long term anthropogenic activities such as mining activities (Jumbe
and Nandini, 2009); and measures the health and integrity of water by measuring the ‘fithess
for use’ (DWAF, 1996).

Implicationsfor the study

Eskom point and non-point sources include amongst others:

e Seepage from ash dams and coa storage areas directly into the groundwater and surface water
systems

¢ Surface runoff from mines and power stations

¢ Acid Mine Drainage from coa mining operations

Seepage and overflows from unlined pollution containment dams and maturation ponds

Water quality indicators

Biological, chemical, and environmental indicators have been developed by researchers for
sustainable natural resource management and these are used as “early warning” signals
(Reed and Dougill, 2002). These “early warning” signals are shown by changes in the
natural environment (Reed and Dougill, 2002) and these indicators that are measured tend
to be more for harmful changes or degradation to the natural environment. According to
Noble et al. (2003), “different indicators and different indicator levels identified as standards
are used by water quality programs in different states, countries, and regions”. These are
also a quantitative measure of the pressures on the state of the environment and its
changes, which use spatial and temporal evaluation criteria (da Silva and Rodrigues, 2004).
In South Africa, The Department of Water Affairs and Forestry have developed criteria that
list the critical levels of water quality indicators. These are used to measure the ‘fithess for
use’ of the water for different categories of users. These levels vary slightly depending on
the water body being tested, such as estuaries, freshwater environments, water at industrial
sites, water for recreational use, for irrigation, and most importantly the critical limits for
domestic use and drinking purposes. Some examples of indicators are levels of pH,
Temperature, Dissolved Oxygen (DO), Turbidity, Specific conductivity or Total Dissolved
Solids (TDS), Nitrates, and Chloride and Ammonium concentrations, and heavy metals.
These guidelines are available in the DWAF South African Water Quality Guidelines of 1996.

Nutrients and heavy metals

Human impacts have also altered cycles such as the biogeochemical cycles, where
anthropogenic influences have effected changes in Nitrogen (N), Phosphorous (P), and
Carbon (C) cycles (Smith et al., 1999). Due to an increase in the use of agricultural
fertilizers, N and P compounds have increased in ecosystems, and the total amount of N and
P exported from the surface in runoff increases linearly with the N and P soil content (Smith
et al.,, 1999). Humans use flowing waters as convenient wastewater disposal systems
therefore the loading of N and P to the world's rivers, lakes, and oceans is thus very strongly
influenced by human population densities, the population densities of livestock, and land use
(Smith et al., 1999).

Nutrients, total dissolved or suspended solids, sulphates and heavy metals are present in
aguatic ecosystems at varying concentrations (DWA, 2000; Coleman et al., 2011), where
increases in nutrient concentrations affect the natural balance of aquatic ecosystems and
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often result in eutrophication and degradation (DWA, 2000). Nutrients are transported from
terrestrial to aquatic systems as dissolved pollutants in runoff (from agriculture, industry,
urban runoff, domestic wastewater, and landfill leachate) or as particles in runoff as
particulate pollutants (pollutants mobilised with soil particles through adsorption) (DWA,
2000). Heavy metals are widespread, non-degradable pollutants that are toxic and
persistent in the environment (Jumbe and Nandini, 2009). Heavy metals have detrimental
consequences on aquatic life and humans that utilize polluted water sources. Heavy metals
enter water bodies and contaminate sediments via natural sources such as eroded minerals
within sediments; leaching of ore deposits; volcanism extruded products, and terrestrial
runoff; or via anthropogenic activities such as, solid waste disposal; leachate from landfills;
industrial or domestic effluents; and harbour channel dredging (Zheng et al., 2008; Momodu
and Anyakora, 2010). Simple engineering options that may improve the effects of pollution
arising from these sources include (DWA, 2000):

¢ Riparian buffer zones

e Constructed wetlands

e Existing wetlands

¢ Drainage ditch management
e Vegetated filter strips

e Hedges

These basic ecological engineering options alter hydrological pathways so that water is
directed through existing wetlands. Features such as oxbow lakes and other former
channels on floodplains may greatly increase their nutrient and pollutant removal functions
(DWA, 2000).

Implicationsfor the study

An increase in pollutants can lead to the degradation of wetlands by accelerating the degradation of
wetland health. Wetlands will be able to sustain themselves by attenuation for a period of time until
critical limits and levels of pollutants have been reached. Wetland water quality should be monitored
continuoudly (using South African DWS water quality guidelines) to minimise degradation so that
they can continue to supply humans with the services from which we benefit.

Acid mine drainage (AMD)

Acid mine drainage (AMD) is the generation of acid caused by the exposure of rock
containing certain sulphide minerals (most commonly Iron pyrite (FeS,)) with air and water,
resulting in the production of highly acidified water containing elevated concentrations of
sulphate and metals (Keet, 2010). This can be recognised by a yellow/orange/brown tint to
waters. In South Africa AMD is largely associated with gold and coal mining (Keet, 2010).

Risks associated with AMD (Keet, 2010):

e Harmful to ecosystems, presenting a massive environmental challenge

¢ Negatively impacts on quality of water resources

¢ Flooding and Decanting from disused mines

¢ Discharge does not meet water quality standards, but this shows no immediate threat (lag
in environmental effects)

¢ Flooding of the Basin or catchment
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Effects to human and animal life

Sinkholes in dolomitic areas

Destruction of heritage value

Difficulty for mines to achieve compliance with water quality standards within short time
periods.

Short-term solutions are those that will prevent the rise of water levels in mine voids from
exceeding the Environmental Critical Level (ECL is the highest water level in the mine void
which can be allowed without the mine water negatively impacting on the shallow ground
water aquifers and the surface water resources) (DWA, 2012). These short-term solutions to
AMD as suggested by The Department of Water Affairs (DWA, 2012) include:

e The installation of pumps to extract AMD from mines to on-site treatment plants

e The construction of on-site water treatment plants in each basin, with the option of
refurbishing and upgrading existing treatment facilities owned by the mines

e The installation of infrastructure to convey treated water to discharge into nearby
watercourses.

The DWA has recently engaged in a key stakeholder and communication session and
together they have developed a feasible long-term solution to AMD problems. This feasible
solution will be one that is technically sound, environmentally sustainable, economically
viable, institutionally feasible & legally acceptable (DWA, 2013). Figure 9 below explains the
planning required for long-term solutions and will, to a large extent, be informed by existing
information, monitoring initiatives, technical input and expert advice.

Figure 9: Planning and design for AMD long-term solutions (DWA, 2013)

This long-term solution has been designed to include all Interested and Affected Parties

(I&APs) within an EIA process with the following objectives in mind:

e To undertake focused consultation with identified key stakeholders and stakeholder
sectors/groups to assist in identifying sustainable solutions, technical options,
management scenarios

e To engage identified key stakeholders in various relevant fields throughout the study, to
obtain their input and comments on concepts, principles, and assessments of alternatives
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e To assist the DWA to keep the wider stakeholder group informed of progress and key
outcomes and to provide opportunities for constructive input to inform the feasibility study
e To communicate information to the wider stakeholder group in a manner that enhances
their understanding of the AMD challenge and enables them to provide constructive inputs
e To record stakeholder input for consideration in informing the feasibility study.

Implicationsfor the study

Eskom may need to use temporary short-term solutions as an intervention to possible AMD problems
at their mines and/or power stations. Long-term solutions will need to be developed through
feasibility studies and EIA processes and should include all the necessary stakeholders. This ensures
for sufficient quality control processes to be put into place and thus reducing the volume of pollutants
downstream.

Case study of the Vaal River

The Integrated Vaal River System is the largest in South Africa and 60% of the country’s
Gross Domestic Product is derived within this catchment. Therefore, subsistence and
commercial users rely heavily on the ecosystem services provided by the catchment, one
important service being the provision of water (Eon, 2012). This has been able to happen
thus far as the water quality and its related pollution concentrations have not reached critical
levels. A number of industries rely on this catchment for water and 90% of Eskom’s base
load generation comes from the Vaal (Eon, 2012). Currently the Vaal is experiencing water
guality and seasonal flow problems. Water quality issues include eutrophication, microbial
pollution, and increased salinity. This system requires intervention by at least 2014 to
prevent water shortages (Eon, 2012).

Pollution attenuation

Wetlands are known to provide “sinks” for pollutants (including nutrients and metals). This is

also known as pollution attenuation. The capacity for pollutant removal largely depends on

the size of the wetland and the inputs received by the wetland which are related to their

position along hydrological pathways (DWA, 2000). Wetlands can attenuate pollution when

the input load of pollutants into a wetland is still below critical level. Wetland functioning can

ensure the following (DWA, 2000):

e Acting as a sediment sink for deposited suspended solids and particulate-bound
pollutants, including a proportion Chemical Oxygen Demand (COD)

¢ Denitrification processes that reduce NO, to nitrogen

e Providing a medium for chemical ionic interchange at the surface and sub-surface layer
(precipitation and adsorption)

¢ Provide the physical separation of particulates and particulate-bound pollutants from water
at the sub-surface layer

e Reduce spray drift attenuation (attenuation of chemicals (such as those used in
agriculture) that are transported by wind to wetlands)

¢ Assimilation of metals and nutrients by plants and other organisms (e.g. microbes).

Pollution attenuation can, therefore, improve the quality of water leaving the wetland. Some
of the mentioned processes are seen in Table 6 below.
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Table 6: Pollution attenuation processes to improve water quality (DWA, 2000)

Pollution type Removal process
BOD/COD Oxidation
Absorption

Filtration/sedimentation

Microbial decomposition

Suspended solids/sediment Filtration/sedimentation

Nitrogen/nitrogen compounds Adsorption
Assimilation/absorption

Amonification-nitrification-denitrification

Phosphorus/Phosphorus compounds Sorption/adsorption
Bioaccumulation/absorption
lonic precipitation

Particulate retention

Hydrocarbons and heavy metals Absorption
Caption exchange

Bioaccumulation/absorption

Sulphur Microbial oxidation or reduction
Bacteria Adsorption
Predation

Sedimentation

Sterilisation by UV light

Iron and manganese Oxidation and precipitation

Implications for the study

Eskom should direct their effortsinto protecting their wetlands as these can improve water quality and
reduce environmental degradation through natural measures. Efforts should involve assessing the
current wetland health (assessing hydrology, geomorphology, and vegetation) and then implementing
rehabilitation or restoration method with continuous monitoring thereafter. Constructed wetlands and
measuring offsets can be considered if existing wetlands are beyond rehabilitation interventions.

Sustainable Livelihoods and Economic Opportunities for Surrounding Communities

Approaches with reference to sustainable livelihoods have been developed by several global
organisations (e.g. DFID) in a response to poverty alleviation policies in the late 1990’s.
These approaches encompass all aspects impacting on poverty levels in its broadest sense,
and include education, health, financial services, security and natural resources. These
aspects have been described as five types of capital, and include (Turpie, 2010b):
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e Human Capital includes the levels of skills, knowledge, ability to work and level of health.

e Social Capital includes the strength of networks and connectedness, membership in
groups and exchange relationships.

¢ Financial Capital includes the available stocks of, and regular inflows of, money.

e Physical Capital is the infrastructure, utilities, energy, technologies, access to information
and tools and equipment.

e Natural Capital comprises the natural resource stocks, public goods such as biodiversity,
air quality, and divisible goods such as land and trees.

Livelihoods are considered as sustainable when the above capital can cope with and recover
from stress without undermining the natural resource base. Many communities in South
Africa are directly dependent on natural systems to sustain their livelihoods. Wetlands in
particular are valuable because of the services they provide for example providing grazing,
fertile soil for the cultivation of crops, protein sources and material for thatching. It is
therefore imperative to understand the degree of dependence of people’s livelihoods before
making decisions that may impact on the sustainability of their livelihoods (Turpie, 2010b).

Turpie (2010b) developed a simple index for the assessment of the importance of a wetland
for the sustainable livelihood of communities surrounding a wetland. The assessment is
based on the degree to which a wetland contributes to reducing the vulnerability of
households to poverty. These more vulnerable households would be more dependent on the
wetland in question. Figure 10 below provides an overview of the Wetland Livelihood Value
Index.

Figure 10: Overall structure of the Wetland Livelihood Value Index. Numbers in circles
correspond to steps in the assessment process after step 1 (defining objectives and level of
assessment (Turpie, 2010b))
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Implications for the study

The relative importance of wetlands should include an investigation into the reliance of surrounding
communities for their livelihood on wetlands that may be impacted by mines associated with Eskom’s
supply chain. In some instances, continued access to land to continue using the services that wetlands
provide, will impact positively on sustainable livelihoods of communities reliant on wetland services.
At the same time, the sustainable use of wetlands provides opportunities for wetland conservation
whilst balancing corporate social responsibilities.

The compilation of a Management plan for wetlands associated with sustainable livelihoods will
promote wise and sustainable use.

Indicators and early warning systems

According to the DPSIR framework (Drivers, Pressure, State Impact and Response
Framework) there is a sequence of causal links between the stimulus causing a situation,
the state of the system under consideration resulting from the pressures exerted by the
stimulus, the impact on the system and the appropriate management response. This
framework presents a structure within which all monitoring and indicators should be placed
(see Figure 11, Kristensen, 2004). Placement within the framework indicates the
relationship between the individual indicator and the change being monitored.

Figure 11: The DPSIR assessment framework (from Kristensen, 2004)

The understanding provided by the framework enables the link between the origin and
consequence of a problem to be identified and so any planned interventions may effectively
address the cause. In addition, it makes clear the relationship of how an indicator in one
sector, say the state, addresses a driver or pressure.

The following examples from each of the categories of the DPSIR framework are taken from
Kristensen (2004). A ‘driving force’ is a need, such as shelter, food, water and entertainment
for an individual. In the industrial sector it may be the need to remain profitable, for instance.
Driving forces lead to human activities such as food production, transport, the need for
power, etc., which exert pressures on the environment. The state of the environment (e.g.
the bio-physical and chemical components of the air, water, soil, etc.) is affected by these
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pressures. These in turn impact on the health of humans and the environment. The
response may address the causal chain at any point and interventions may be in the form of,
for instance, policy or remedial action.

The DPSIR framework is used in the South African State of the Environment Reporting as it
is viewed as providing a systems-analysis view of the relations between the environmental
system and the human system (SOER, 2005).

Implications for the study

The DPSIR model is a useful tool to guide monitoring and record keeping requirements enabling an
advance warning system.

The data sheets of the Eskom field guide (field sheet and score sheet) provide the basis for a
monitoring programme but have not been arranged within the DPSIR framework.

Indicators are a reflection of a given situation or variables that help to measure change or
progress in achieving objectives and reaching targets. If measured sequentially over time,
indicators can indicate the direction and speed of change and can also be used to compare
different areas or groups of people with respect to the existence of a given situation. The
ideal indicator is:

Valid (measures what it is supposed to measure)
Objective (gives the same answer whenever it is applied)
Sensitive (sensitive to changes in the situation)

Specific (reflects only changes in the situation).

A hierarchy of indicators to establish the temporal and spatial trends in wetland ecosystems,

the habitats provided and the species inhabiting the wetlands is presented in Volume 13 of

the Ramsar Handbooks for Wise Use (2010). These indicators are designed to assess the

pressures and threats to wetlands and to respond to or address these. The Ramsar

convention has worked closely with the Convention for Biodiversity to develop indicators

which track biodiversity changes, including the following:

e Trends in extent of selected biomes, ecosystems and habitats

e Trends in abundance and distribution of selected species

e Change in status of threatened species

e Trends in genetic diversity of domesticated animals, cultivated plants, and fish species of
major socio-economic importance

e Coverage of protected areas

¢ Criteria and indicators for sustainable management of ecosystems

¢ Biodiversity used in food and medicine

e Water quality in aquatic ecosystems

e Trophic integrity of ecosystem

¢ Nitrogen deposition

e Numbers and cost of alien invasions.

Some of these indicators are relevant to the scale at which Eskom works and would need to
be made specific to Eskom’s needs. At a broad level, the initial tranche of effectiveness
indicators, as determined by Ramsar, is given in Table 7.
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Table 7: Effectiveness indicators for wetland health (Ramsar Vol. 9, 2010)

Indicator

Sub-indicator(s)

A. The overall conservation
status of wetlands

i. Status and trends in wetland ecosystem extent

ii. Trends in conservation status — qualitative
assessment

B. The status of the
ecological character of
Ramsar Sites

i. Trends in the status of Ramsar Site ecological
character — qualitative assessment

C. Trends in water quality

i. Trends in dissolved nitrate (or nitrogen)
concentration

ii. Trends in Biological Oxygen Demand (BOD)

D. The frequency of threats
affecting Ramsar Sites

i. The frequency of threats affecting Ramsar Sites
— qualitative assessment

E. Wetland sites with
successfully implemented
conservation or wise use
management plans

i. Wetland sites with successfully implemented
conservation or wise use management plans

F. Overall population trends
of wetland taxa

i. Trends in the status of water bird biogeographic
populations

G. Changes in threat status
of wetland taxa

i. Trends in the status of globally-threatened
wetland-dependent birds

ii. Trends in the status of globally-threatened
wetland-dependent amphibians

H. The proportion of
candidate Ramsar Sites
designated so far for
wetland types/features

i. Coverage of the wetland resource by designhated
Ramsar Sites

Implications for the study

A number of indicators are to be found in the literature, each of which has been designed to monitor
specific conditions. Certain indicators may be developed which will be generic to Eskom Holdings
Ltd, for example the presence (with density) or absence of alien invasive biota. Other indicators will
need to be developed to suit specific conditions which may be linked to ecoregions or other features
specific to the area.
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Once appropriate indicators have been selected these should be included in a monitoring
programme. The Ramsar framework provides, in a series of logical steps, the design and
planning of a monitoring programme (see Figure 12). This is not prescriptive and may be
adapted as appropriate to the need (Ramsar Wise Use of Wetlands, Vol 18, 2010).

In order to ensure that a monitoring programme is effective it should be included within the
framework of Strategic Adaptive Management (SAM) as described by Pollard and du Toit
(2007) (see the following section titled ‘Adaptive Management’).

Figure 12: The generic design of a monitoring programme as given by Ramsar Convention
(Wise Use Handbook 18, 2010). This is not prescriptive and should be adapted as required

The Eskom field guide provides Eskom’s field workers with a standard procedure for
assessing wetlands on their property. This procedure combines the wetland physiognomy
(determined remotely) with field measurements such as vegetation and soil to complete a
scorecard which will then provide a numerical score of the wetland condition. A monitoring
and management programme could be based on the criteria measured in the Eskom
Wetland Classification and Risk Assessment Field Guide (Oberholster et al., 2014).
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Adaptive Management

“Adaptive management” was first introduced to the sphere of natural resource management
by Holling (1978) with his concept of “Adaptive Resource Management”. Adaptive
management has been defined by Rogers and Lutton (2011) (quoting Meffe et al. (2002)) as:
“The process of treating resource management as an experiment such that the practicality of
trial and error is added to the rigour and explicitness of the scientific experiment, producing
learning that is both relevant and valid”.

Adaptive management may be practised with different levels of rigour which are broadly
categorised as follows:

e Active (classic or true) adaptive management in which the emphasis is strongly on the
scientific method, the process of “experiment” and on modelling

e Passive adaptive management in which there is much less emphasis on the scientific
method/experiment and more on learning by a range of means/tools

e Documented trial and error in which there is no stipulated structure to the decision making
process but what does happen and its consequences are nonetheless well documented.

Strategic Adaptive Management (SAM) as defined by from Biggs and Rogers (2003) and
adapted by Pollard and du Toit (2007) falls under a) active adaptive management as
described above, and one requirement is that each step is fully documented to allow for
assessment of the achievement of the objectives during the review provided by the feedback
loops. The SAM process is structured to guide a ‘learning by doing’ process through which
there is an on-going assessment of effectiveness of the overall management programme,
encouraging the refinement of the goals of management based on the results of
management interventions as indicated by the monitoring programme. The basic steps in

SAM are (from Pollard and du Toit 2007):

1. Visioning. Understand, with stakeholders, the social, economic and ecological context of
the system to be managed, and the principles/values that guide management. Develop a
broadly acceptable vision of the future.

2. Translate vision into ecosystem targets. Develop an objectives hierarchy that documents
the sequential reasoning used in translating a broad societal values-based vision into
science-based ecosystem outcomes.

3. Options analysis:

3.1. Scope the range of management options to achieve the desired future conditions and
predict their likely outcomes under different scenarios. Expect the unexpected.

3.2. Assess the acceptability of outcomes from a range of perspectives

3.3. Select the best options in co-operation with stakeholders.

4. Operationalise (implement, monitor and audit achievements).

5. Reflect at each step. Is thinking and action congruent with principles/values? What does
the knowledge gained tell us about (1) our understanding of the system, (2) its
responses and, (3) how realistic are the desired outcomes and (4) how useful are the
processes used to achieve them.

The process is outlined in Figure 13, which indicates the feedback loops which provide the
review of the process. The same principle is recommended by Kotze (2004) for use by the
Mondi Wetland Project, providing a structured review process for assessing the achievement
of the stated objectives.
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Figure 13: A framework for strategic adaptive management showing the 5 key steps (from
Biggs and Rogers, 2003, adapted by Pollard and du Toit, 2007)

Implicationsfor the study

Given that the overall aim of this project is to develop and test an adaptable planning framework that
streamlines the conservation of wetlands in areas where Eskom operates from coal to customer, it is
proposed that Eskom follows an active adaptive management process to ensure on-going
improvement of and maintaining the relevance of this Wetland Management Framework (WMF).

The steps of the framework should be reviewed and refined as necessary as the framework is
implemented.
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Wetland Health Assessment

Wetland health is used to determine the ecophysical health or condition of the wetland; to
understand if they are beyond repair, if they require rehabilitation and management
interventions, or if they are healthy enough to be left alone due to little degradation
(Macfarlane et al., 2009). Wetlands are measured by their similarity to or deviation from their
natural characteristics, that is, the climate, geology, soil, water, nutrient supply, and radiant
energy, together with its biotic community. If they have not been modified or experienced
levels of disturbances from human impact, they are regarded as “natural” or “reference
condition” (Macfarlane et al., 2009: 17). Wetland health is also assessed to determine the
degradation factors so that appropriate intervention methods can be designed. Wetland
health can be assessed at both the broad catchment level and the detailed individual
wetland level based on field assessments and indicators.

When conducting health assessments, the objectives and the geographical boundaries need
to be clearly defined (assisted by using GIS, orthophotos or topocadastral maps) and
available resources such as:

¢ Possible land uses and their extent in the catchment area

e Presence of drains

e Dams or erosional features (including details such as depth, etc.)

¢ Loss of vegetation

e Types of indigenous or alien vegetation

¢ The mean annual precipitation and potential evapotranspiration (Macfarlane et al., 2009).

Wetland Health indicators:

The Water Research Commission is currently funding the design of a National Wetland
Monitoring Programme for South Africa (WRC project number K5/2269). The following
review of indicators covers the current South African situation, but the National Wetland
Monitoring Programme, scheduled to be completed in early 2016, is likely to become the
national benchmark for wetland monitoring.

Wetland health can be assessed by measuring indicators such as geomorphology,
hydrology and vegetation. These assist for wetland rehabilitation and their planning and
assessments (Macfarlane et al., 2009). Assessments of the geomorphology, hydrology and
vegetation of wetlands may vary from the “present” ecological state (PES) to the “critically
altered” state (categories A-F, with A being unmodified and F being at critical level) (see
Table 8 below), as well as measuring them against the Trajectory of Change, that is, the
threat or vulnerability to change (Macfarlane et al., 2009) (see descriptions below).
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Table 8: Impact scores and Present State category describing the integrity of wetlands

Impact Description Impact | Present
category score | State
range | category

None Unmodified, natural 0-0.9 A

Small Largely natural with modifications. A slight change in | 1-1.9 B
ecosystem processes is discernible and a small loss of
natural habitats and biota may have taken place.

Moderate | Moderately modified. A moderate change in ecosystem | 2-3.9 C
processes and loss of natural habitats has taken place
but the natural habitat remains predominantly intact.

Large Largely modified. A large change in ecosystem | 4-5.9 D
processes and a loss of natural habitat and biota and
has occurred.

The Trajectory of change can also be scored in a “class range” to calculate the weighted
score (see Macfarlane et al., 2009).

Measuring wetland health is symbolic as it is difficult to measure and compare similarities or
differences to other wetlands as each wetland is a unique ecosystem. Wetlands are dynamic
and respond to temporal changes — whether these are weekly, daily, seasonally, over longer
periods due to climatic changes, or over geological and geomorphological evolutionary time
scale. The range of these changes consequently makes functional, structural and
compositional assessments difficult (Macfarlane et al., 2009). Therefore assessments can be
done by measuring the hydrology component (which can measure for impacts due to the
guantity and distribution in impacted or unimpacted states); as well as the geomorphology
and vegetation components which can be used as indicators as they are visible and
measurable. Geomorphology indicators can measure soil erosion and vegetation can
measure alien invasive species or ruderal species (species adapted to rapidly colonize sites
with disturbed soils). Measurable indicators need to take into account the differences
between natural versus anthropogenic factors (Macfarlane et al., 2009). Ruderal species
typically increase in abundance on disturbed sites but are gradually replaced by
successional species as the site recovers.

The impact of hydrology, geomorphology and vegetation are scored quantitatively and
measure the intensity and extent of impacts to result in the allocation of a score. The
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magnitude of the score gives an overall indication of wetland health (see Table 9 and

calculations below). Two levels can be used to assess wetland health:

o Level 1 assesses wetlands at a very low resolution to determine the overall wetland health
in a catchment area

e Level 2 is an on-site, rapid but detailed assessment involving sampling and data collection
thus making it more valuable information to use (Macfarlane et al., 2009).

Both require the identification of hydrogeomorphic units, that is, hydrology, and
geomorphology and vegetation components.

Table 9: Guideline to assess the magnitude of impacts on wetland integrity

Impact Description Impact

category score
range

None No discernible modification is such that it has no impact on | 0-0.9

wetland integrity.

Small Although identifiable, the impact of this modification on wetland | 1-1.9
integrity is small.

Moderate The impact of this modification on wetland integrity is clearly | 2-3.9
identified, but limited.

Large The modification has a clearly detrimental impact on wetland | 4-5.9
integrity. Approximately 50% of wetland has been lost.

Serious The modification has a clearly adverse effect on this component
of habitat integrity. Well in excess of 50% of the wetland integrity
has been lost.

Critical The modification is present in such a way that the ecosystem
processes of this component of wetland health are totally/almost
totally destroyed.

Overall Health Rating =
[(Hydrology score*3) + (Geomorphology score*2) + (Vegetation score*2)]/ 7
Magnitude = Extent / 100 x Intensity

Hydrology

Hydrology can be altered by human modifications or natural modifications within the
wetland, which in turn alter the distribution and retention patterns of water within the wetland.
Hydrological patterns can also be affected by the local climate — that is the mean annual
precipitation and potential evapotranspiration, as well as the water inflows that are
dependent on the geomorphology, vegetation types and land-uses within the catchment
area (see Table 10 below) (Macfarlane et al., 2009).
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Table 10: Different land use types and activities that may affect the inflow quantities to the
HGM unit from the upstream catchment and the magnitude of their collective effects

Land-use activity | Low Intensity |Extent |Magni-
descriptors High of water | (%) tudes3
loss?
0 -2 -5 -8 -10
(1) Duration of Ad hoc, seasonal |Year-
irrigationR supple- round
mentary
S
= | (2) Prevalence of High Interme- | Low
= water diate
= conserving
practicesR
Other abstractions not used for irrigation in the catchment
1 plant typeR Shrubs Trees
2 | 2. distribution of Confi- |Occur Occur
g_ alien woody ned to |across mainly in
s plants in riparian non- |riparian & |riparian
< |areasR ripa- |non- areas
rian riparian
areas |areas
1 Tree typeR Wattle & |Eucalyp-
pine tus
(%))
S |2 distribution of Confi- | Occur Occur
}"E tree plantations in ned to |across mainly in
c_CtS riparian areasR non- |riparian & |riparian
o ripa- |non areas
rian riparian
areas |areas
1 crop typeR Sugar
2 distribution in Confi- |Occur Occur
riparian areasR ned to |across mainly in
non- |riparian & |riparian
b ripa- |non areas
(% rian riparian
areas |areas
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Land-use activity | Low Intensity |Extent |Magni-

descriptors High of water | (%) tudes
loss?
0 -2 -5 -8 -10
Dams: specific Allow- |No
allowance for ance |allowance
releasing low made |made

flows within the
operating rules of
the damR

a. Wetland Draining
Several factors affect wetland draining. These include:

Wetland slopes — The steeper the slope of the wetland, the more efficiently the water
drains from the wetland through the drains; and

Hydraulic conductivity — A greater hydraulic conductivity of wetland soils can lead to a
more effective drainage of removing sub-surface water from the wetland. If the wetland
has mineral soil then the hydraulic conductivity is approximately measured on soil
texture. If the HGM unit has peat (organic) soil, then the hydraulic conductivity is based
on the degree of humification of the soil. Finer soil texture has smaller pore spaces
between the particles, therefore water moves through the soil at a slower rate. Similarly,
the more humified the peat, the finer the particles of organic matter, and the slower the
water moves through the soil (Macfarlane et al., 2009).

b. Level of Wetness
Wetlands can also be affected by the level of wetness:

The greater the natural level of wetness of the wetland prior to any artificial drainage or
gully erosion, the greater the potential for the area to be much drier due to artificial drains
or erosion gullies. The natural level of wetness can generally be estimated by referring to
a comparable unaltered wetland, but this may sometimes be impossible;

Drains and gullies affect sub-surface flow — the deeper the drains and gullies in the
affected area, the greater the potential of the drain and gully network to intercept sub-
surface flow and to lead intercepted flow (sub-surface and surface) out of the wetland.
The greater the density of drains, the more likely they are to effectively desiccate the
section of wetland in which they occur; and

Dams, weirs and poorly constructed road crossings can cause unnatural retention of
water and reduce flow into a wetland. These affect the hydrological integrity of the
wetland (see Table 11 and Table 12 below) (Macfarlane et al., 2009).
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Table 11: Factors potentially contributing to an increase or decrease in the flood peak
magnitude and/or frequency received by the HGM unit

20-35%

36-60%

60-120%

>120%

made

Low Moderately | Intermediate | Moderately | high

low high
Good Moderate Limited Poor No
allowance | allowance | allowance allowance | allowance

21-50%

50-70%
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5. Extent of | <10% 11-40% 41-80% >80%
areas of bare
soil in the
wetland’s
catchment
including that
associated
with poor
veld
conditionR***

Combined sore: [Average of (1), (2) and (3)] + [(4) + (B)]****

The combined score will be the range from -10 to +10 depending on whether the
increases in peak flow are greater or smaller than the decreases.

*MAR — mean annual rainfall (m®) = [runoff (mm) / 1000 (m)] x [catchment area (ha) x 10 000

(m?)]

Table 12: Typical changes in water distribution and retention patterns within an HGM unit as a
result of obstructions

1.Upstream impact of flooding

Extent of HGM unit affected by flooding upstream of the impeding | ha %
structureR
Descriptor Low Score
High
0 2 5 8 10
1.Representation | - Seasonal | Permanent | Seasonal Permanent
of different and and zone and
hydrological perma- seasonal present but | seasonal
zones prior to nent zone | zones both | permanent | zones
flooding by the both present but | zone lacking (i.e.
damR present collectively | absent only the
and <30% temporary
collective- zone
ly >30% present)
Intensity of impact: score of (1) X 0.8*
Magnitude of impact score: extent of impact/100 x intensity of impact
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2.Downstream impact on quantity and timing of flows to downstream

portion of the HGM unit

Extent of HGM unit affected downstream of the impeding structureR ha
%
Descriptor | Low Score
High
0 2 5 8 10
Extent to No Slight Intermediate | Moderately High
which dams | interrup- | interruption interruption high interruption
or roads tion (e.g. | (e.g.a (e.g. earth interruption (e.g. a
interrupt many moderate dam with (e.g. earth concrete
low flows to | culverts number of very high dam with dam with
down- through a | culverts seepage or | some no
stream road through a road seepagelflow | seepage
areasR embank- | road embankment | releases) and no low
ment) embankment) | with no/very flow
limited releases)
culverts)
Level of Low Moderately intermediate | Moderately High
abstraction low high
from the
dam/sR
Proportion Dam Dam Dam Dam
of intercepts | intercepts intercepts intercepts
catchment | <20% of | 21-40% of 41-60% of >80% of the
flows the the affected the affected | affected
intercep- affected | area’s area’'s area’'s
tedP area’s catchment catchment catchment
catch-
ment
Collective <20% 20-35% 36-60% 60-120% >120%
volume of
dam/s in
relation to
MAR of the
affected

areaP
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Intensity of impact: mean score of the THREE highest scoring factors x 0.8

Magnitude-of-impact score: extent of impact/100 x intensity of impact

*0.8 is the weighting factor. This is given relative to the impact of drainage channels, which
are considered to have the greatest potential impact on hydrological integrity out of all the
on-site factors considered, and is therefore assigned a weighting factor of 1.

3. Combined impact

Combined impact: Magnitude of impact for upstream + Magnitude of impact for
downstream

c. Surface Roughness

Surface roughness is primarily determined by vegetation (hummocks covered in vegetation).
It can also affect water distribution and retention within a wetland, that is, the greater the
surface roughness, the greater the frictional resistance to the flow of water, thus reducing the
flow velocity through the wetland. Reduced flow velocity reduces the rate of erosion but is
variable due to season variations in vegetation and the occurrence of fires (Macfarlane et al.,
2009). Altered surface roughness can be assessed by assessing the HGM unit by:

i.  Assessing current surface roughness;
ii.  Estimating historical surface roughness under natural conditions; and
iii.  Comparing current roughness with historical and natural conditions.

The hydrology can also be affected by land use activities such as dams, alien plants,
commercial afforestation, and sugarcane within the wetland boundary, and depositional and
erosional features from construction and excavation processes such as mining and sand
winning.

Implicationsfor the study
Expected impacts on wetland hydrology from activities by Eskom include:

¢ The establishment and extension of ash dams

e Cutting of vegetation in wetlands under power lines

¢ Holding dams

o Water abstraction

e Building of roads and other infrastructure such as transmission lines

e Cut-off drains

e Excavation from mining activities

e Dumping of waste rock, overburden and tailings

¢ Runoff from paved areas

e Engineering structures that cause channelling of flow thereby disrupting diffuse flow.
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Geomorphology

Wetlands are affected by both inputs (which are generally equal to or greater) and outputs of
sediments, where the inputs of sediments tend to be captured by wetlands. Geomorphic
processes shape and control wetland structures, and gullying and erosion can lead to
increases in the outputs of sediments which can threaten the natural structure and
functioning of the wetland (Macfarlane et al., 2009).

Overall geomorphic impact

The overall impact of the geomorphic state can be calculated using the intensity and
magnitude of erosional, depositional and organic material. More detail can be seen in
Macfarlane et al. (2009: pages 87-89). The vulnerability of a wetland to erosion can also be
measured as well as the predictions of the condition or geomorphological state over the next
five years.

Table 13: Trajectory class, change score and the symbol used to evaluate the Trajectory of
Change to the geomorphology of each HGM unit

Trajectory | description HGM Class Symbol
class unit Range

change

score
Improve Geomorphological condition is likely to 1 0.3to1.0 | T
slightly improve slightly over the next 5 years
Remain Geomorphological condition is likely to 0 -0.2to -
stable remain stable over the next 5 years +0.2
Deteriorate | Geomorphological condition is likely to -1 -0.3to d
slightly deteriorate slightly over the next 5 years -1.0
Deteriorate | Geomorphological condition is likely to -2 -1.1to NS
greatly deteriorate greatly over the next 5 years -2.0

Implicationsfor the study

Assessment of wetland health provides the basis from which both rehabilitation interventions may be
planned and the impact on ecosystem services may be assessed.

Vegetation

Wetland vegetation has specific compositional and structural characteristics that provide
specialised habitats for wetland dependent species and provide important services for local
communities. It also provides an important service towards flood attenuation and nutrient
retention. The “Present Vegetation State” is assessed against the deviation from the natural
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conditions. Factors such as cultivation, grazing, changes in the hydrology (drying out of the
catchment or wetland), water quality (e.g. high nutrient inputs), and geomorphology (e.g.
alluvial depositions) can also cause changes in the vegetation characteristics within
wetlands. Some indigenous species increase in abundance when a site is disturbed due to
their ability to adapt to changing environments and waterlogging. See Table 14 below for the
common disturbances in South Africa.

Table 14: Description of common disturbance classes in South African wetlands

Disturbance
class

Description

Land uses commonly associated with complete with transformation of wetland habitat

Infrastructure

Includes houses, roads and other permanent structures that totally
replace wetland vegetation.

Deep flooding by
dams

This includes situations where flooding is too deep for emergent
vegetation to grow.

Land uses commonly associated with substantial-to-complete transformation of
vegetation characteristics

Crop lands These lands are still in use and when active are generally characterized
by almost total indigenous vegetation removal (predominance of
introduced species). Examples include maize lands, tree plantations,
sugarcane lands & madumbe fields, etc.

Commercial Common plantations include pine, wattle, gun, poplar. Other land uses

plantations such as vineyards and orchards may have a similar impact on wetland

vegetation.

Annual pastures

These areas are characterized by frequent soil disturbance with a
general removal of wetland vegetation. Some ruderal wetland species
may become established but are frequently removed.

Perennial Although such areas generally include a high abundance of alien
pastures terrestrial grasses or legumes, the reduced disturbance frequently may
permit the establishment of some wetland species.

Dense alien Where dense patches of alien plants can be identified within a wetland
vegetation system, they should be identified as a separate disturbance class and

evaluated as a unit.

Shallow flooding
by dams

Such areas can often be identified at the head or tail end or edges of
dams.
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Sports fields

These include cricket pitches, golf courses and the like, where a species
such as Kikuyu have been introduced and are maintained through
intensive management. These are often located within areas of
temporary wetland where terrestrial species generally dominate.

Gardens

Gardens are generally associated with urban environment.

Sediment
deposition/infilling
and excavation

Deposition includes sediment from excessive erosion or human
disturbance (e.g. a construction site) upstream of the wetland, which is
carried by water and deposited in the wetland. Infilling is the placement
by humans of fill material in the wetland (e.g. for sports field). Excavation
is the direct human removal (usually with heavy machinery) of sediment
from the wetland, which is commonly associated with mining and sand
winning.

Eroded areas

In wetlands this typically occurs as gully erosion.

Land uses commonly associated with moderate transformation of vegetation

characteristics

Old/abandoned
lands

These secondary vegetation areas have typically been altered through
historic agricultural practices, but are in the process of recovering. They
are generally characterized by a high relative abundance of ruderal
species, but this abundance may vary greatly depending on time since
cultivation ceased. In cases where this varies greatly within an HGM
unit, it may be best to distinguish between vegetation classes
comprising recently abandoned lands and areas comprising older lands
that are at a more advanced successional stage of recovery.

Land uses generally associated with low or no transformation of wetland vegetation

Seepage below
dams

Earthen dams used for agricultural purposes often allow water to leak
through the wall, creating artificial wetter areas below the dam wall.
Such areas are typically characterized by an increase in hydric species.

Minimal human
disturbance

These primary vegetation areas have not been significantly impacted by
human activities, but may have been impacted upon by factors such as
scattered alien plants. It may include wetland areas within game
reserves or extensive grazing management systems. Small pockets of
untransformed vegetation may also be set aside as streamside buffers
on commercial landholdings.

Note: Scattered alien plants may occur in most of the above disturbance classes. Where this
occurs, alien plants are considered as part of the larger disturbance class of which they are
part (e.g. scattered bramble occurring within an old land), and the intensity of disturbance
score is modified to account for the fine grain disturbances within them.
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Issues of importance

Vegetation is a key component of wetland definition in the NWA, but it may only be used
as the primary indicator in undisturbed conditions. It provides a helpful field guide in
locating the wetland boundary when the wetland has not been transformed.

Disturbances within the wetland can be referred to as “grain size” at a spatial scale. A coarse
grain size (generally the case in a large-scale agricultural context) can be easily identified
and mapped as large individual disturbance units using GIS. The aerial extent of each class
is then estimated by summing the areas of mapped disturbance units. This extent is
estimated as a proportion (%) of the HGM unit and recorded. Patches of fine-scale
disturbance units are grouped and mapped as part of a coarse-scale disturbance unit (or
units) and intensity and magnitude are calculated accordingly (Refer to Macfarlane et al.,
2009). In either case, the aerial extent of each disturbance class is estimated as a proportion
of the HGM unit and recorded. The cumulative cover (%) of individual patches (at a finer
grain size) that form part of the disturbance class can be represented in the form of spatial
mapping.

Alien vegetation poses one of the most significant threats to wetland vegetation and is a
major focus of rehabilitation programs. Where further management intervention is needed, it
is useful to identify the problem species and to obtain further insight into their occurrence
and tabulate the data. It is important to stress that alien vegetation, especially Typha
capensis and Phragmites australis occur naturally across many wetlands in South Africa.
Many wetland areas are naturally dominated by a single species, especially in the
permanently wet portions of a wetland, where only species tolerant of intense waterlogging
are able to grow. It is important to note the classification of plants when identifying species in
a wetland, that is, obligate wetland species, facultative wetland species, facultative species,
facultative dryland species and dryland species. Similarly to the hydrology and
geomorphology components, the Present Vegetation State can be assessed and scored
using categories, Trajectory classes, change scores and symbols.

The three components, hydrology, geomorphology and vegetation are directly or indirectly
interlinked. Thus measuring wetland health and ecosystem services determines their
Present Ecological State (PES) and Ecological Importance and Sensitivity (EIS) respectively.
These can be used to measure the current state of wetlands, the future impacts and
changes to wetland health, to ensure that the appropriate management interventions can be
planned and the success of these interventions can be monitored.

Impact inventory

(Pollution, altering of hydrological regimes, disturbances, invasive species, erosion and
siltation)

Measuring impacts

MacFarlane and Kotze (2009) provide a series of indicators for assessing the health of
wetlands. Broadly, these may be divided into hydrological indicators, geomorphological
indicators and vegetation indicators. These assess both catchment-wide and on-site
activities such as dam construction and irrigation in the catchment or the presence of drains,
gullies, sediment plugs, loss of organic sediment or alien plants in the wetland. The WET-
Health tool provides a way to score the intensity of the impact numerically. The magnitudes
of the impact scores are then combined in a structured way to produce an overall wetland
health score. The WET-Health assessment scorecard provides a status-quo against which
future changes may be measured.
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A definitive document for the determination of physical impacts on wetlands is Wet-
Sustainable Use: a system for assessing the sustainability of wetland use (Kotze, 2010).
This builds onto the WET-Health of MacFarlane and Kotze (2009), recognising that without a
sustainable management system in place, a wetland is vulnerable to degradation and it
follows that a degradation in the condition of a wetland will erode the flow of ecosystem
services emanating from the wetland. While this document focuses on ecological
sustainability, it considers the place of the wetland within the broader social ecological
system (from household to international level) and involves consultation with users to garner
their perspectives on the sustainability of land-use activities.

The assessment of impacts begins by asking to what extent the use of the wetland has
altered the following components of the wetland’s environmental condition:

e The distribution and retention of water,

e The erosion of sediment,

e The accumulation of soil organic matter (SOM),

¢ The retention of nutrients, and

e The natural species composition of the vegetation in the wetland.

The document provides two levels of assessment. Level 1 depends on several
generalisations regarding the land that is being considered. Level 2 is structured around
WET-Health (MacFarlane et al., 2009).

Following the assessment of the above 5 aspects, each is interpreted in terms of the
consequences to the livelihoods of the ecosystem users. For instance, draining or erosion
may provide opportunities for cultivation, but will impact on most of the provisioning services
that would be provided by a healthy wetland downstream. Similarly, while invasion of
wetlands by alien vegetation may provide some resource value, such as the provision of
fuel, the resource base for medicine, crafts, thatching and livestock grazing is generally
reduced.

In recognition of the importance of wetlands in the livelihoods of people and noting that many
of these wetlands were degraded, Pollard et al. (2009) asked the questions ‘what indicators
can be used to assess the situation, to track change and to evaluate impacts?’; and ‘how
can these be developed in a way that is meaningful both for managers but also for the users
themselves?’ Fundamental to answering these questions is the concept that integrated
management typically deals with interlinked, dynamic and hence complex systems.
Complexity and systems thinking critiques conventional management approaches for their
failure to recognise variability and linkages as essential properties of many complex
systems. Indicators are thus needed that describe the performance of the individual systems
and their contribution to the performance of wider systems. Since outcomes are not entirely
predictable they have to be managed through a process of strategic adaptive management
that embraces learning-by-doing. Indicators need to support this premise. Based on these
concepts the authors developed a suite of indicators, some of which are specific to the
cultivation methods used in the Craigieburn wetlands and others more widely applicable to
wetlands in general. Examples of the latter are given in Table 15.
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Table 15: A preliminary framework, based on core principles, for assessing the integrity of the
wetland as a whole. Some potential indicators are listed. These principles are considered
sufficiently robust for use at the micro-catchment scale (from Pollard et al., 2009)

Volume 13 of the Ramsar Handbooks for Wise Use (para 52-55; 2010) provides a rapid
assessment method which may be used for the assessment of both natural and
anthropogenic disasters. The guidance recognizes that the purposes for rapid assessment
of wetlands include:

e a) Collecting general biodiversity data in order to inventory and prioritize wetland
species, communities and ecosystems; obtaining baseline biodiversity information for a
given area;

e b) Gathering information on the status of a focus or target species (such as threatened
species); collecting data pertaining to the conservation of a specific species;

e c) Gaining information on the effects of human or natural disturbance (changes) on a
given area or species;

e d) Gathering information that is indicative of the general ecosystem health or condition
of a specific wetland ecosystem;
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e e) Determining the potential for sustainable use of biological resources in a particular
wetland ecosystem; and

e f)  Has been designed from the suite of methods available which can be tailored to the
particular needs of the situation.

Implications for the study

Wet-Health provides indicators that have been developed specifically for SA conditions. These can be
used for monitoring programs.

Impact assessment

Volume 16 of the Ramsar Handbooks for Wise Use (2010) provides a flow chart of the key
steps in the impact assessment procedure which are given below (Figure 14). This
procedure provides structure to the planning and implementation of an impact assessment
which will ensure that nothing is left out. This will be of assistance to both specialists doing
the impact assessment as well as managers who are overseeing the process.

In Volume 19 of the Ramsar handbooks on Wise Use of Wetlands, Ramsar provides a
method for assessing the ecological character of a wetland. The ecological character is
defined as the combination of the ecosystem components, processes and services that
characterise the wetland at a given point in time. Determination of the ecological character
will do two things, firstly it will provide the link between wetland health and the stream of
ecosystem services that are used by people and secondly, it will provide a benchmark
against which future assessments may be compared. This will provide a measure of the
change in the services resulting from defined impacts on that wetland and will, through a
process of adaptive management, enable the improvement of the stream of services to meet
the requirements of the social-ecological system.

The Ramsar process described above is similar to the South African process of defining the
desired state of an ecosystem and then putting interventions in place to manage towards the
defined desired state.
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Figure 14: Flowchart of key steps in the environmental impact assessment procedure (from
Ramsar Wise Use of Wetlands Vol. 16)

Implications for the study

The ideal of 'no net loss' of ecosystem services is applied to both wetland surface area and wetland
functionality. It is necessary to know both the extent of surface area and the state of the wetland to be
managed before any rehabilitation can be planned. The environmental impact assessment procedure
requires managers to both assess the current state of wetlands under their jurisdiction as well as to
predict the impact of land use, construction and other changes on wetlands.
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Prioritisation of wetlands for rehabilitation and intervention

Wetlands for rehabilitation in South Africa need to be ranked in order of importance in order
to direct limited resources appropriately (Rountree et al., 2009). Ranking or prioritisation
values would be based on the objectives of the prioritisation process and this includes
identifying and prioritising catchments and wetlands which match particular objectives, either
for rehabilitation, conservation or monitoring activities (Rountree et al., 2009). Subsequent to
this, the National Freshwater Ecosystem Priority Areas (NFEPA) has been published by the
WRC. This identifies priority wetlands and rivers for protection in South Africa. This should
be consulted in prioritisation and planning of interventions. The ranking can refer to criteria
or objectives such as the hydrological functions, socio-economic values and biodiversity
support aspects. Prioritising the same set of wetlands on different objectives will yield
different outcomes depending on the criteria used for assessment.

The seven-step prioritisation process proposed by Rountree et al. (2009) is a spatial

approach that looks at:

e Step 1: Define the aims and objectives of the prioritisation project

e Step 2: ldentify the spatial extent of the study area (the spatial scale of the assessment
determines which specific information and protocols can be used)

e Step 3: Collate available information

e Step 4: Develop prioritisation criteria

e Step 5: Screen for candidate catchments

e Step 6: Prioritise catchments

e Step 7: Assess the potential of prioritised catchments to meet the objectives

This process can be used at a national or provincial scale where they can be used to
prioritise tertiary level catchments, at a regional scale they can be used to prioritise
guaternary catchments and at a local spatial scale they can be used to prioritise individual
wetlands, or clusters of wetlands (see Figure 15 below). Wetlands can be prioritised at the
different scales based on who chooses to prioritise them (see Figure 16 below for
prioritisation steps) (Rountree et al., 2009).

71



Figure 15: Spatial scales of prioritisation down to the catchment and sub-catchment level

Principles to guide and the requirements for the process of prioritisation:

Prioritisation and rehabilitation planning should incorporate the following:

The contribution of landholders or users and other key stakeholders if practical and cost-
effective.

Protecting wetlands that are still intact or stable and that would be easier to improve.
Those that are of high priority due to their provision of goods and services.

Assess the current state of the wetland as it is due to the cumulative impacts of activities
in the broader scale of the catchment, thus including the broader catchment and
landscape.

Ensure they are aligned with the catchment and biodiversity conservation plans.

Consider the willingness and capacity for local people and local structures to become
involved.

Address the causes of degradation and prioritisation and rehabilitation plans that should
be developed by a team of experts in design and planning and the ecological functioning
of the wetland (Rountree et al., 2009).
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Figure 16: Wetland prioritisation steps that are required at different spatial scales

The seven-step prioritisation process is provided in more detail below (Rountree et al.,
2009):

e Step 1: Define the aims and objectives of the prioritisation project

An aim and objective can be applied to rehabilitation projects that aims to improve the
current condition of wetlands; conservation planning that aims to preserve biodiversity; and
wetland reserve studies (environmental flow determination) that aim to improve
understanding and management of wetlands.

a. Rehabilitation projects:

Rehabilitation projects focus on achieving biodiversity support, water quality improvement,
sediment stabilisation or reinstated flooding regimes, as well as job creation and poverty
relief as part of the Working for Wetlands (WfWetlands) Programme and their role in the
government’s expanded public works programmes.

b. Conservation Planning:

Wetlands at a national scale have been identified in South Africa by SANBI and in addition
are in the process of being classified at a provincial and municipal level at a higher
resolution. In South Africa the national conservation efforts have been to maintain RAMSAR
sites, but in conservation planning we need to focus our rehabilitation efforts on those
wetland types which are rare and unique, are at risk or are increasingly under threat, and
those that provide habitats to endangered species.
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c. Wetland Reserve Studies:

Wetland reserves (environmental flow determination) and water resources are managed by
The Department of Water and Sanitation in South Africa. There is an urgent need to look at
the resource quality objectives and ecological specifications to ensure that the current
standard of wetlands is maintained. South Africa needs to be practical and focus on stratified
sampling to study representative systems and also focus on priority wetland systems in
given water management areas. This can assist to identify priority wetland systems in
catchment area. One needs to identify high-risk wetland systems, systems with a high
ecological integrity, provision of high-level goods and services, wetlands impacted on by
water allocation, and those in an important water management area.

e Step 2: Identify the spatial extent of the study area (the spatial scale of the
assessment determines which specific information and protocols can be used)

The spatial scale is defined in order to focus the study and guide the assimilation of relevant
knowledge, information and data and the development of prioritisation criteria for selecting or
scoring between various wetland areas or individual systems. Identifying the spatial scale is
necessary as it is vital to recognise that the current and future condition of a particular
wetland system is a product of the condition of the catchment and the activities within the
catchment. Understanding specific wetland systems is necessary as generally the problems
experienced are due to factors higher up in the catchment.

e Step 3: Collate available information

All available information about the wetlands, including data and local knowledge sources,
possible indicators of wetland extent, type, characteristics and condition, location and
surrounding land use activities needs to be collated for the study area.

e Step 4: Develop prioritisation criteria

Prioritisation criteria can be qualitative or quantitative (depending on the resolution of data
and specialist knowledge) and need to address the objectives. Scoring corresponds to the
objectives used, the scale of analysis, and the data and information that are available at that
specific scale to address those criteria. Prioritisation criteria can include: wetland size,
wetland condition, connectivity between the site and other wetlands or downstream rivers,
rare plant/animal populations (biodiversity support), wetland type (rarity), diversity of
vegetation types, level of ecosystem goods and services, proximity of the site to suitable,
nodes of employment (in the case of rehabilitation programmes like WfWetlands which are
linked to poverty alleviation), level of threats or likely future impacts, and specific ecosystem
services of the wetland (e.g. prioritising the types of wetlands which improve water quality in
a catchment with large water quality impacts over those that attenuate floods). See Table 16
below for prioritisation examples.
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Table 16: Examples of wetland prioritisation

Available information

Use in screening or prioritisation

National, Provincial and Tertiary Catchment Scales

National Wetlands Map

Course national-coverage showing the location and
extent of larger wetlands across South Africa

Geology Classification of wetland groupings
Biomes Classification of broad-scale wetland groupings
EcoRegions Classification of wetland groupings

Provincial Conservation Plans

Provides higher resolution information on wetland
location, extent and possibly biological attributes.
Not always available.

Land cover transformation

Gives an indication of the current bio-physical
condition of wetlands

Regional and Quaternary Catchment

Scales

Vegetation Types

Classification of more-detailed wetland ‘types’

Geology

Classification of wetland ‘types’

EcoRegions

Classification of wetland ‘types’

Provincial conservation plans

Provides higher resolution information on wetland
location, extent and possibly biological attributes.
Not always available.

Aerial photography or high-resolution
satellite imagery

Gives an indication of the current bio-physical
condition of wetlands

Step 5: Screen for candidate catchments

Wetlands within catchments are shortlisted by scores for further data collection and detailed
analysis as these may require more attention if not already within a protected area, as is the
case with wetlands that are not assessed for conservation prioritisation. Sites which are
heavily degraded, as well as sites that are near to pristine, could be excluded from the
prioritisation assessment when looking at wetlands that require rehabilitation. If it is not

possible to shortlist wetland sites, then

all the sites can be potential priority sites. See Table

17 below for scoring the potential suitability of wetland sites for rehabilitation.
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Table 17: Scores for the potential suitability of wetland sites for rehabilitation

Score | Description of the class

0 The returns are considered to be very low or the sites considered lost causes’ that
are extremely degraded (e.g. with a deeply incised gully throughout the length of the
wetland) and which would be prohibitively expensive to rehabilitate

1 A site which has potential (e.g. reasonably intact areas threatened by headcut
erosion) but where the returns are likely to be low (e.g. because the intact areas is
relatively small, i.e.<3 ha and/or appears to have a low level of wetness) or

uncertain

2 A site where the returns are potentially moderate (e.g. a moderately sized area with
artificial drains that could be plugged or a moderately sized are threatened by gully
erosion)

3 A site where returns are potentially high (e.g. a large area, i.e.>20 ha, with artificial

drains that could be plugged or a large area threatened by gully erosion)

e Step 6: Prioritise catchments

Prioritisation criteria are developed to address the project objectives. If it is not possible to
shortlist wetland sites, then all the sites can be potential priority sites. Tertiary catchments
(national and provincial) can be prioritised using a GIS-based tool where it looks at land
cover. At the quaternary scale, desktop analysis and field-based assessments need to be
done with local and regional specialist knowledge at hand. One must always revisit the aims
and objectives at the larger scale so as not to lose focus when constraints and opportunities
are encountered at the smaller scale.

o Tertiary catchment scale:

The GIS-based tool allows for resources to be more appropriately focussed at the national
and provincial scales. Priority areas are chosen based on the key strategic national needs or
services (such as biodiversity support to the supply of resources and erosion control)
provided by the wetlands in the particular catchments. Six priority categories have been
selected to focus on at a provincial level by members of national and provincial government,
statutory bodies, civil society and the private sector; these are: hydrology, biodiversity, socio-
economic, threats/impacts, physical, and strategic categories (see Table 18 below for
detailed priority categories).
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Table 18: Criteria used for Tertiary level catchment prioritisation (national and provincial scale)

National criteria

Examples of sub-criteria

Biodiversity Biodiversity nodes/hotspots (biodiversity map)
Protected areas
Threatened or priority wetlands including the peat eco-regions
Ramsar sites and their catchments

Hydrological Water-stressed catchments

Runoff per capita

Water supply catchments

Water quality at catchment scale

International obligations with respect to water sharing

Socio-Economic

Nodes identified under the Integrated Sustainable Rural Development
Strategy

Urban renewal projects

Livelihoods dependent on wetland goods and services?

Poverty indicators

Threats/impacts

New land cover map

physical Erodibility index
Unique natural features, e.g. karst landscapes
Density and distribution of wetlands (new land cover; wetland coverage;
Cowan wetland regions)

Strategic International rivers and boundaries

Spatial development initiatives

Existence of Catchment Management Agencies

From the above-mentioned six categories, 13 indicators were selected to address the
prioritisation criteria, these are:

o National Biodiversity Priority Areas,
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e Protected Areas,

e Peat Wetland Eco-regions,

e Ramsar Sites,

o Water-stressed Catchments,

e Water (Chemical) Quality,

e Spatial Development Initiatives (SDIs),

e Water Catchment Management Agencies (CMAS),
e Conservation Status Index,

¢ Erodibility (Soil) Index,

e Working For Water/Wetland Project,

e Locations,

e Poverty Gap Index, and

¢ Integrated Sustainable Rural Development and Urban Renewal Nodes.

These indicators can be selected and weighted to provide a single or integrated qualitative
wetland-priority index value based on desired attributes for each tertiary catchment within
South Africa and the output from the GIS model can be represented as maps (see a few of
the selected criteria represented as GIS maps in Figure 17, Figure 18 and Figure 19 below).

Figure 17: Biodiversity Priority Areas (i), Water Management Areas, and Tertiary catchments
(GIS data available on NBI database)

Figure 18: Water stressed catchments (v) Water Management Areas (WMAs) and Tertiary
Catchments (Data available on DEA ENPAT (Environmental Potential Atlas) database and DWA
Water Situation Assessment Model)
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Figure 19: Working for Water and Working for Wetland Project locations (xi) Water
Management Areas, and Tertiary catchments (Data available on the Working for Water (WfW)
database)

Implicationsfor the study

Eskom together with the DEA would need to assess the location of their wetlands in relation to the
provincial and national priority catchment areas. Assessments will need to be based on the
abovementioned 13 indicators. If they are within a priority catchment they will need to be protected
with the correct rehabilitation, conservation or monitoring activities in place. If they are not within
priority catchments, Eskom will need to rank and prioritise them on criteria or objectives such as the
hydrological functions, socio-economic values and biodiversity support aspects and then implement
rehabilitation, conservation or monitoring activities.

0 Quaternary catchment scale:

Due to a lack of detailed level maps and tools for assessing quaternary catchments,
prioritisation at the regional scale is done in the form of guidelines and on-site assessments
for outlining the criteria and considerations for prioritisation of quaternary catchment areas,
using expert knowledge, and/or regional databases as these become available. At a national
level, one identifies a wetland on rarity from GIS tools, but at the local scale a wetland could
or could not be prioritised due to the local landowner or land tenure arrangements which can
only be found out from on-site assessments.

Sources of available data at the regional scale can include: regional experts/specialists,
SANBI wetlands map to inform on the likely location and density of wetlands in a particular
sub-catchment, high-resolution satellite data, aerial photography or other imagery such as
Google Earth to conduct desktop surveys of wetland condition, and/or provincial C-plan
wetlands information (not available for all provinces). A scoring system can also be
developed to score each area (each quaternary catchment area within the priority tertiary
catchment study area) to measure the catchment's suitability to meet the prioritisation
criteria. This provides a prioritisation score for each candidate catchment being considered,
thus allowing for the development of a list of prioritised catchments.

0 Within the quaternary catchment scale:

This is a sub-catchment assessment that collates local scale information. A rapid

assessment to shortlist candidate sites of priority wetlands can be done using the WET-

health (to measure the present ecological state) (MacFarlane et al., 2009) or WET-

EcoServices (Kotze et al., 2009b) guidelines to identify problems or priorities on-site so as to

not make assumptions and mistakes of the effects from other catchments (see Table 19
79




below for WET-EcoServices ecological services and benefits). Individual wetlands need to
be prioritised relative to other wetlands by using similar sources of available data as
mentioned above for the regional scale. Similarly a scoring system can also be developed at
the local scale. This method is done to assign indices of wetland services which can be used
for comparative purposed between different wetlands. Different criteria are assessed and
weights are assigned to the indices, depending on the objectives of the prioritisation project.

Table 19: WET-EcoServices ecological services and benefits

Flood attenuation

Streamflow augmentation

Sediment trapping

Phosphate trapping
U) . - .
Indirect = Phosphate assimilation
A c
SRS IS Nitrate assimilation
S
(&)
Wetlands =2 Toxicant assimilation
benefits S
(goods "I; Erosion control
and odi . : . .
services) Biodiversity conservation — integrity
Biodiversity conservation — irreplaceably
Water supply
Provision of harvestable resources
Direct : N
. Socio-cultural significance
benefits

Tourism and recreation

Education and research

A list of focal criteria used to identify local scale priority wetlands for rehabilitation is provided
below:

Focus on wetlands that are rare or represent rare types

Focus on wetlands that are in good condition before those that are in poor condition
Focus on deteriorating wetlands before stable or improving ones

Focus on problems that are easiest to fix

Focus on those sites that will generate a guaranteed immediate positive benefit before
those that have potentially longer-term, but less certain, positive benefits
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e Focus on those problems or sites perceived to be important by local communities or
stakeholders before those not perceived to be important

e Recognise lost causes for what they are, and focus effort problems and sites where there
is more chance of success

e Focus on those problems known to have tried and tested remedies

¢ Incorporate a broader (catchment or sub-catchment) level assessment to identify any
causes that may be outside of the wetland itself

e Focus on wetlands with a good recovery potential

e Focus where the willingness and capacity for local people and local structures to become
involved and address the causes of degradation are high.

Implicationsfor the study

Wetland rehabilitation takes resources in the form of skilled planning, people to do the work, funds
and time. Through the prioritisation of wetlands to be rehabilitated, Eskom could direct the available
resources to the areas where they will have most impact. Publication of this prioritisation would be
seen as a declaration of intention.

e Step 7: Assess the potential of prioritised catchments to meet the objectives

Once the prioritised sites have been identified, these are assessed against the original
project objectives, criteria indicators, or the criteria scores, as sometimes they do not always
adequately reflect the original intentions of the objectives (resolutions of data may be
insufficient or correlations between parameters may be weak). Thus the last step is merely
to do a “cross check” to ensure that the prioritisation criteria have been accurately assessed
and scored, and that the selected priority sites are able to address the objectives of the
study. If unsuitable then one needs to reassess the prioritisation scoring.

Rehabilitation of impacts

WET-Legal (Armstrong, 2009) guides the wetland manager through the plethora of South
Africa’s legislation dealing with wetlands. The guide covers legislation from the Departments
of Water Affairs, Environmental Affairs and Agriculture as well as other pieces of relevant
legislation. The requirements of the international agreements to which South Africa is
signatory are explained. The guide also clarifies the activities which require authorisation
and the laws that compel rehabilitation and/or action on the part of the user or landowner.
Supporting this is an explanation of the responsibility of the person/organisation conducting
the activity.

Gardner et al. (2012) and Dini (undated) outline the key message in dealing with wetlands

during development, and that is as follows:

e Avoidance: Avoiding wetland impacts involves proactive measures to prevent adverse
change in a wetland’s ecological character through appropriate regulation, planning or
activity design decisions.

o Mitigation: Mitigating wetland impacts refers to reactive practical actions that minimize or
reduce in situ wetland impacts.
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e Compensation: Compensating for wetland impacts refers to actions that are intended to
offset the residual impacts on wetland ecological character that remain after any mitigation
has been achieved. Dini (undated) makes the point that offsite mitigation is not a license
to destroy wetlands or short circuit regulatory processes.

Alexander and Mclnnes (2012), in their Ramsar briefing note, describe the benefits of
wetland restoration. The key messages that they convey are:

e Stop the global loss of wetlands to prevent further erosion of the stream of ecosystem
services provided by wetlands on which the social ecological system relies.

e Prioritisation of the protection and restoration of wetlands applies to both the methods
used and the wetlands themselves. The most effective way to protect wetlands is to
remove the drivers/pressures that are causing the change in ecological character. Where
this is not possible or where the damage has already been done, then appropriate
rehabilitation interventions should be implemented. The wetlands to be protected or
rehabilitated should also be prioritised.

e Restoration is not a substitute for protection. Protection is more cost effective than
restoration and should be the intervention of choice.

¢ Holistic wetland restoration objectives should be formulated. Experience has shown that
where this is not practiced the restoration interventions are prone to failure.

e Decision makers should recognise the full suite of restoration benefits to provide the
ecosystem services as described in the Millennium Ecosystem Assessment (2005).

A number of the key messages given above are covered in detail in the reports emanating
from the Wetlands Research Programme: Wetland Rehabilitation of the Water Research
Commission and these are covered individually below. There are a large number of
wetlands of a variety of types in a range of Ecozones and land uses and many of these are
degraded and require rehabilitation.

A range of land cover classes identified based on the National Land cover database for SA
have been identified with respect to their impacts on water inputs to, and retention of water
within, wetlands. If present in the catchment, these land cover classes can either 1)
increase or 2) decrease water inputs to a wetland, OR if present in a wetland itself, they can
3) increase direct water losses from the wetland, 4) reduce surface roughness, 5) impede
the flow of water in a wetland or 6) enhance the flow of water in a wetland. Ellery et al.
(2010) have examined the effect of each category of land cover change from the natural
condition on each of these parameters and have assigned an intensity of impact score to
each. For instance, the Land Cover Change Impact Metric is based on the recognition that
wetland structure and function are fundamentally affected by the hydrological regime and
this may take several forms (Figure 20).

82



Figure 20: Possible relationships that might be expected between functional effectiveness
scores (i.e. the provision of wetland ecosystem services, as assessed using WET-
EcoServices) and wetland impact scores (as assessed using WET-Health) (From Ellery et al.,
2010)

A. Linear — e.g. abstraction of water for irrigation in a catchment.
B. Drastic reduction with small impact — e.g. erosion

C. Small impacts have little effect on wetland functionality, but the negative impact on
functionality increases exponentially to the impact — e.g. pollutants

D. Small impacts may increase the provision of ecosystem services, followed by a drastic
decline in the provision of ecosystem services with increase in the impact — e.g. the effect of
gullies on flood attenuation.

Macfarlane et al. (2009) provide a toolkit for assessing wetland health. The output of this
impact and indicator-based toolkit provides an assessment of the intensity and magnitude of
impact per HGM and guides follow up rehabilitation activities as necessary.

Kotze et al. (2009b) guides the process of assessing 15 benefits of the regulating and
supporting services provided by inland, palustrine wetlands, noting a number of
characteristics which may influence each of the services, and provides a score sheet for
recording the data in a way that is transparent. It also prompts the user to identify threats to
the wetland and possibilities for enhancing the benefits realised.

Kotze et al. (2009c) have developed a process to inform the planning of the wetland
rehabilitation process that integrates into the broader management of the wetland and
catchment, and which produces sustainable outcomes. This is achieved through the
provision of three main elements:

e Background information on wetland rehabilitation,
¢ Guiding principles for rehabilitation, and

e A framework with step-by-step guidelines for undertaking the planning and implementation
of wetland rehabilitation.

Russell (2009) follows the rehabilitation planning with a comprehensive manual on the
selection and implementation of rehabilitation methods that are appropriate for the particular
problem being addressed and for the wetland and its catchment context.
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It gives the key concepts relating to wetland degradation, especially from erosion and gives
detailed guidance for the design and implementation of interventions for the rehabilitation of
inland palustrine wetlands and their catchments, focusing particularly on wetlands
associated with natural drainage networks. Although some aspects of the tool require high
levels of civil engineering expertise, it is designed primarily for rehabilitation workers who
have completed training in soil conservation, life sciences or engineering at a diploma level
and who have practical field experience.

Assessment of the effectiveness of implementation interventions is covered in the
publication WET-RehabEvaluate (Cowden and Kotze, 2009). WET-RehabEvaluate
recognises that monitoring and evaluation are closely linked to planning and provides the
background to rehabilitation and step by step guidelines for monitoring and evaluation of
rehabilitation projects. It gives guidance on how to review the achievement of the objectives
of the rehabilitation, the identification of performance indicators, the development of a
monitoring evaluation plan and how to report on performance. Outcomes of the monitoring
and evaluation are based on system integrity and the delivery of ecosystem services by the
rehabilitated wetland as measured by WET-Health (MacFarlane et al., 2009) and WET-
Ecoservices (Kotze et al., 2009b).

When wetlands have been degraded it may not be possible to restore them to their original
state, and in this case, as a final option and in order to achieve the ideal of no net loss (Dini,
undated), a license for wetland mitigation banking may be sought. Cox and Kotze (2008)
assessed the appropriateness of wetland mitigation banking as a mechanism for securing
aquatic biodiversity in the grassland biome of South Africa. Mitigation banking was first
developed in the USA to address their ‘no net loss’ policy. Canada has not accepted
mitigation banking as they say it encourages a ‘commodity’ approach. In South Africa
offsets have been applied with limited success and sustainability. South African legal
instruments are considered adequate, but tools appropriate to South African conditions are
not yet available. In the USA it was found that small, ad hoc wetland mitigation offsets had a
high failure rate because they did not have the necessary resources to ensure their success
and were difficult to control. As a result the USA model has gone the route of fewer, larger
banks which have the resources to ensure sustainability. In basins such as the Colorado
where water is scarce, the water to maintain the bank has to be purchased, making the
running of a mitigation bank an expensive process. The South African model, as developed
by Cox and Kotze (2008) puts the role of banker into the hands of Working for Wetlands, a
state organisation. This gets around many of the problems experienced in the USA with its
private banking system. This model still needs to be tested in practice, and the upper
Olifants, Mpumalanga, has been selected as the case study area. A difference between the
USA system and that proposed for South Africa is that South Africa requires the wetland
offset to be in the same catchment as the wetland that it is to ‘replace’. In the USA they
have found that a single larger wetland has a generally greater benefit than many smaller
ones for functions such as supporting water bird populations.

Wetland offsetting and no net-loss

Wetland offsetting

The focus up to this point in time has largely been on conserving representative sites from a
biodiversity perspective. However, the South African wetland offset guidelines (SANBI and
DWS, 2014) state that any offset should preferable be made in the same sub-catchment but
at least in the same quaternary in order to maintain the flow of ecosystem services to the
quaternary catchment.
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Implications for the study

The consideration of wetlands within an ecosystem approach is vital to ensure their long-term
survival. Wetlands as a percentage of surface areain a catchment have also not been mainstreamed in
South Africa. As aleader in the landscape of corporate environmental responsibility, Eskom isin the
ideal position to raise the debate on this issue, especially with reference to wetland offsetting
initiatives. Given the ability of wetlands to attenuate especially non-point source pollution, these
measures could improve water quality in the catchments that Eskom operatesin.

Biodiversity offsets are measurable conservation outcomes resulting from actions
designed to compensate for significant residual adverse biodiversity impacts arising
from project development after appropriate prevention and mitigation measures have
been taken. The goal of biodiversity offsets is to achieve no net loss and preferably
net gain of biodiversity on the ground with respect to species composition, habitat
structure, ecosystem function and people’s use and cultural values associated with
biodiversity (SANBI and DWS, 2014).

The ideal of wetland offsets is to achieve a measurable “no net loss” or “net gain”
conservation outcomes (SANBI and DWS, 2014). The goal of quantifying losses or gains
distinguishes offsets from other compensatory conservation methods. In summary, offsets
seek to mitigate or compensate for impacts on the environment from project development
after the necessary measures have been taken to first minimize and avoid these impacts this
can also be known as “compensatory mitigation” (SANBI and DWS, 2014). An example of
compensation mitigation is of aquatic systems in the United States if America to restore and
maintain the chemical, physical and biological integrity of the waters as developed in their
Clean Water Act (SANBI and DWS, 2014). When planning offsets, a hierarchy needs to be
considered, see Figure 21 below for steps.

Figure 21: The mitigation hierarchy (SANBI and DWS, 2014)
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A draft set of best practice guidelines for designing and implementing wetland offsets
(SANBI and DWS, 2014) has been generated in response to the need to develop a
comprehensive technical guideline for wetland offsets, with a particular emphasis on coal
mining in the Mpumalanga Highveld. The report addresses the following aspects:

e Offset site selection: guidelines to inform the site selection process through a structured
protocol and supporting guidance.

e Methodology for calculating offset ratios: appropriate compensation for residual impacts
on wetlands is provided, in line with the principle of ‘no-net-loss’ or ‘net gain’.

e Technical protocols to evaluate wetlands as part of the wetland offset methodology:
Monitoring the rehabilitation process and project sign-off

This document provides valuable information and will be directing future wetland offsetting in
SA.

Implicationsfor the study

SANBI and DWS, 2014. Wetland Offsets: A best practice guideline for South Africa is the definitive
resource for wetland offsetting in South Africa.

Wetland conservation in national and international legislation

At an international level, wetland protection is important across a range of conventions, such
as the Ramsar Convention, Convention on Biological Diversity and the United Nations
Convention to Combat Desertification (SANBI and DWS, 2014). International guidelines and
standards on offsets are emerging and principles on biodiversity offsets were developed by
members of the Business and Biodiversity Offset Programme (BBOP) Advisory Committee
as the basis for the design and implementation of high quality biodiversity offsets (SANBI
and DWS, 2014). This standard ensures for the best practice biodiversity offsets and thus
verifying their success by complying with all relevant national and international laws. In
South Africa, national laws directly or indirectly relate to wetland protection, conservation
and management; but more specifically relating to general water, biodiversity and ecosystem
conservation. Such laws include The South African Constitution 108 of 1996, The National
Environmental Management Act 107 of 1998, The Environmental Impact Assessment (EIA)
regulations, The National Water Act 36 of 1998, The General Authorisations (GAs), The
National Environmental Management: Biodiversity Act No 10 of 2004, The Conservation of
Agricultural Resources Act 43 of 1967, The National Forest Act 84 of 1998, The Natural
Heritage Resources Act 25 of 1999, The National Environmental Management: Protected
Areas Act 57 of 2003, and The Mountain Catchments Areas Act 62 of 1970 (SANBI and
DWS, 2014). South Africa is currently developing biodiversity offset guidelines that will be
used nationally. These incorporate widely accepted general principles of design and
implementation which have been published in the Business and Biodiversity Offset
Programme of 2009.

Overview of Wetland Offset Framework

A step-wise process is outlined below detailing the steps taken to assess possible lasting
impacts of a proposed development. First the wetland must be delineated, and then divided
into hydrogeomorphic units. Then an assessment of the following factors must be done:

¢ Importance of the wetland to biodiversity conservation;
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¢ |ts Present Ecological State reflecting its current health and integrity (see section 8 for
detailed breakdown on wetland health); and

e Its key ecosystem services, thereby differentiating between the direct and indirect
services;

e The species of conservation concern (wetland dependent species which will be impacted
upon), should be assessed.

See a more detailed guideline to the steps of the Wetland Offset Framework by SANBI and
DWS, (2014). Figure 22 presents an overview of Wetland Offset Framework.
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Figure 22: Overview of Wetland Offset Framework
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Wetland mitigation banking

A wetland mitigation bank is a wetland area that has been restored, created, enhanced or
preserved, which is then set aside to compensate for future conversions of wetlands for
development activities. Credits may be purchased by developers whose activities may lead
to wetland losses. The number of credits required are determined and authorised by the
relevant authority (Cox and Kotze, 2008). According to Cox and Kotze (2008) “wetland
mitigation banking (WMB) is the key mechanism applied in the United States to give effect to
their policy of ‘no-net loss’ of wetlands, and has been implemented within a regulatory
framework over the past two decades. The mechanism is designed to facilitate compliance
with regulatory requirements by providing for the establishment of new wetland areas or
"banks," in advance of anticipated losses. Where unavoidable impacts are authorised,
developers are able to purchase the banked credits to offset the losses.

Case study in South Africa

Cox and Kotze (2008) mentioned that in South Africa various forms of compensation are
being applied to offset wetland loss due to the impact of development activities. For example
the Department of Water Affairs has been responsible for planning the rehabilitation of
approximately 338 ha of wetland in the Upper Mooi River Catchment in KwaZulu-Natal to
offset the loss of wetlands to be inundated by the proposed Spring Grove Dam. The
AngloCoal Off-Site Wetland Mitigation Project is another example of an attempt to implement
effective compensation for impacts to wetlands from surface mining in the Upper Olifants
River Catchment.

Cox and Kotze (2008) analysed four of the examples included in their study and concluded
that they show a lack of consistency in the compensatory measures applied and accepted by
the regulatory authorities in authorising the projects considered. They consequently
indicated the technical, institutional and legal requirements for the successful implementation
of WMB in South Africa and proposed a framework for WMB in SA.

The report by Cox and Kotze (2008) lays the groundwork for an assessment of the
appropriateness and feasibility of wetland mitigation banking to secure/sustain inland water
biodiversity within the grasslands biome at a demonstration level. The National Grasslands
Biodiversity Programme (NGBP) (established under the South African National Biodiversity
Institute (SANBI)) identified 15 priority clusters for conservation and has been working with
coal mines in the grass lands biome of South Africa to mainstream the protection of this
biome. WMB has been identified by the NGBP as one of the mechanism to promote
biodiversity conservation in the areas under threat for coal mining. A pilot project to test the
framework developed by Cox and Kotze (2008) has been implemented over a 5-year period
to test the feasibility of the framework.

How to achieve wetland offsets

In order to achieve wetland offsets (SANBI and DWS, 2014) stated that:

e They need to be protected in the form of legal implementation (such as in NEMA under
the Protected Areas Act) in order to increase the current "value" of a wetland system and
the long term persistence of wetland biodiversity

e There needs to be averted loss which refers to physical activities that prevent loss or
degradation of existing wetland systems and its biodiversity (these can be counted as
“gains” as they contribute to achieving the ideal of “no net loss”)
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e Some may need to undergo rehabilitation/restoration in order to manipulate the physical,
chemical, or biological characteristics of a degraded wetland system in order to repair or
improve wetland integrity and associated ecosystem services

e There needs to be an establishment of new wetland systems in some catchment areas
where they didn’t exist before which leads to “gains” in wetland area, functions and
biodiversity values

e There needs to be direct compensation to affected parties for loss of ecosystem services
which can be done by monetary compensation or regulating the supporting services.

Implications for the study

We are aware of a study commissioned for the New Largo Colliery (dated 2012) for

Anglo American Therma Coa for a wetland offset plan. The study is undertaken by Wetland
Consulting Services. It would be imperative for the compilation of this study to pursue alignment
with related initiatives in the catchments in which Eskom operates.

Vegetation management

Eskom has clearly defined environmental procedures for managing vegetation growing
within the servitudes, recognising that vegetation management within power line and other
servitudes has financial, social and environmental implications (Anon., 2010). The
procedures state that clearing of vegetation needs to be done as economically as possible,
without causing unnecessary environmental damage and without impacting on the rights and
requirements of the landowner and other interested and affected parties. In terms of the
Occupational Health and Safety Act, 1993 (Act 85 of 1993), “The supplier, or user of power
lines shall control vegetation in order to prevent it from encroaching on the minimum safety
clearances of the power lines and the owner of the vegetation shall permit such control”.
Trees that are growing close enough to power lines to threaten them should they fall will be
removed, but indigenous vegetation that does not interfere with the safe operation of the
power line should be left undisturbed. Species protected by law will not be cut without a
permit from the relevant authority. Alien vegetation, specifically category 1, 2 and 3 plants,
will be controlled and removed in such a way as not to spread propagules. The risk of fire
below the power lines needs to be kept to a minimum, so vegetation needs to be kept under
control. But apart from this, indigenous vegetation will not be disturbed. Some general
restrictions are that deep valleys, environmentally sensitive areas and legally protected
areas shall not be cleared provided that the vegetation poses no threat to the safe operation
or reliability of the power line. Measures to prevent soil erosion shall, at all times, be
implemented and rivers, watercourses and other water bodies shall at all times be kept clear
of vegetation trimmings and debris. The integrity of riparian areas shall be maintained by
only trimming the parts of trees directly affecting the safe operation of the power line.

Implicationsfor the study

The Eskom vegetation guidelines are comprehensive, although the practical application in the field
cannot be guaranteed, especialy if untrained workers are utilised to control vegetation. A relevant on-
the-job-training course should be investigated.
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Artificial and Constructed Wetlands

Function of constructed wetlands

Wetlands are nature’s biological filters and are crucial for the improvement of water quality
and pollution reduction (Sheoran and Sheoran, 2006). Wetlands assist in the prevention of
floods through water retention. As wetlands are water rich areas they also attract a wide
variety of animals, therefore acting as an enhancer and protectors of biodiversity. Artificial
wetlands are sometimes spontaneously created by a change in the landscape, for example
next to roads due to increased run-off. Constructed wetlands on the other hand are designed
with a specific purpose in mind. Constructed wetlands assists in pollution reduction through
removal of nutrients and other harmful pollutants, including acid mine drainage (AMD) from
surface or underground coal mines (Nicomrat et al., 2006). Established constructed wetlands
have the capacity to fulfil the same functions as natural wetlands and have the potential to
become somewhat self-sustaining in fulfilling these functions (Arroyo et al., 2010). This self-
sustainability is often referred to as “passive” technology. Constructed wetlands can also
increase biodiversity (Batty et al., 2005) by increasing wildlife habitats (Arroyo et al., 2010).
They can also function as environmental recreational sites (HydrateLife, 2012), and can
provide educational possibilities (Odinga et al., 2011).

Several mechanisms are involved in the removal of pollutants from water entering a natural
or constructed wetland. Sedimentation, for example is recognized as the principle process in
the removal of heavy metals from waste water in natural and constructed wetlands (Sheoran
and Sheoran, 2006). Sedimentation occurs when metals or other suspended particulate are
accumulated into large enough particles to sink, and the metals and other particulate matter
are then trapped within the wetland sediments. Another mechanism for removing metals is
through sulphate-reducing bacteria (SRB). Wetland plants also remove nutrients such as
phosphate or nitrate by “uptake or precipitation near the roots”. Plants need to be carefully
chosen to fulfil the required functions, because different plant species respond differently to
different forms of pollution (Russel, 2009). Consideration however, must be given to
legislation governing alien species and declared weeds. In certain cases, for example the
water hyacinth (Eichhornia crassipes), plants may have useful properties for the purposes of
pollutant removal, but are declared weeds and are not allowed to be deliberately planted in a
wetland or in a specific region (Russel, 2009). It is important to consider the complete “life-
cycle” of constructed wetlands. Plants absorb pollutants, but upon saturation it is required to
dispose of them in an environmentally friendly manner. Composting or burning the plants will
release the contaminants back into the environment, making the use of the constructed
wetlands redundant (Russel, 2009). Bacteria are removed through a combination of
sedimentation (due to their adherence to sediments), increased opportunities for predation
and exposure to UV (Cohen, 2006).

Construction

Constructing wetlands can entail either making use of only a “pure” wetland or to use it in
conjunction with other pollution reducing methods. The use of “pure” wetlands depends on
the required designed function, the amount of land area available, the pH, and other
environmental factors such as which plants will grow where. This type of “pure” wetlands is
also referred to as passive treatment. The inclusion of other methods in conjunction with
wetlands includes the use of additional limestone or other chemical techniques as pre-
treatment before the water enters the wetland (Greger and Nyquist, 2009). Using “pure”
wetlands reduces the need to chemically treat water, but pre-treating water has the potential
to extend a constructed wetland’s life.
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Cost, maintenance and lifetime

Various and conflicting opinions are evident in the literature (Sheoran and Sheoran, 2006),
(Cohen, 2006), (Gitari et al., 2011), (HydrateLife, 2012), however, it appears that a good
approach to decide whether a constructed wetland is cost-effective or not is to compare it to
other alternatives that could potentially treat the same or similar problems.

There are several opinions regarding the lifetime period of constructed wetlands, these
opinions range from a life of approximately 5 years (Russel, 2009) and can be as long as 20
to 30 years (Coleman et al.,, 2011). Ideally, the constructed wetland should be self-
sustaining, however maintenance might be required when it becomes evident that plants
have reached their saturation point and need to be replaced (Coleman et al., 2011).
Concerns have been raised by experts about the saturation-point of the plants used in the
constructed wetlands, especially when the constructed wetland is used to treat non-
biodegradable pollutants such as metals (Arroyo et al., 2010).

An increase in the amount of mosquitos (Malan et al., 2009) could be a consequence of a
constructed wetland, especially if the conditions are in line with their breeding habits.
Methods, such as draining and in-filling, can be employed to regulate the mosquito
population (Malan et al., 2009).

Feasibility

A report by Grobelaar et al. (2004) stated that “the use of wetlands for the treatment of mine
water has been a failure under South African conditions...after more than 25 years of
research into the matter.” Further in the document the authors divide wetlands into two
types: “Well-constructed structures kept under anaerobic conditions and harvested
periodically to remove heavy metal build-up” and the second type, that is wetlands that are
not well maintained and merely becoming toxic waste sites. The authors classify South
African wetlands into this category.

Current research on the functioning of the rehabilitation on the 139 ha Zaalklapspruit wetland
in the Mpumalanga Highveld coal mining area, a wetland receiving AMD, is showing
promising results in the capacity of the wetland to improve water quality. The Zaalklapspruit
was originally an unchannelled valley bottom wetland, but agricultural activities had caused a
channel to be eroded through the wetland. The rehabilitation has re-established the typical
unchannelled wetland pattern of water flow across the entire wetland, slowing the passage
of water through the wetland. Initial monitoring results have shown an increase in pH and a
reduction in the level of dissolved metals (Van Vuuren, 2014). Van Vuuren (2014) notes
that, while wetlands do not have unlimited capacity to improve water quality, when employed
as part of an integrated water quality improvement strategy together with such measures as
reducing the pollution at source, they can fulfil a useful role.

The USA though, have had demonstrated success with constructed wetlands. As a result of
research by the US Bureau of Mines, over 400 engineered wetlands were constructed on
mined lands in the previous four years (Kleinmann, 2006). Mine operators indicated that the
wetlands assisted in reducing the amount of chemical treatment required. The amount saved
in the amount of chemicals used, repaid the cost of constructing the wetland in under a year.

A research and development project by the Environment Agency (Wiseman, 2002)
“demonstrated that passive constructed wetland treatment systems can be an effective and
low cost means of mine water treatment for both net alkaline and net acidic discharges.” Five
wetlands in various phases where analysed. The wetlands were not problem-free, but the
main recommendation from the research, was that a “routine inspection and maintenance
programme” should be developed. It was also noted that a characteristic of constructed
wetlands is that they are low maintenance, not maintenance free.
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Implications for the study

Constructed wetlands are an environmental and an economically viable trestment method, however a
plan needs to be in place to ensure that routine inspection is done and that there is a maintenance
programme. A pilot project as a first step would assist with determination of the feasibility of
constructed wetlands within the Eskom context.
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3 THE WETLAND MANAGEMENT FRAMEWORK

3.1 THE WETLAND MANGEMENT FRAMEWORK: INTRODUCTION

An Overview of the Term “Adaptive Management”

Given that the overall aim of this project is to develop and test an adaptable planning
framework that streamlines the conservation of wetlands in areas where Eskom operates
from coal to customer, it is necessary to unpack what the term means in this context.

“Adaptive management” was first introduced to the sphere of natural resource management
by Holling (1978) with his concept of “Adaptive Resource Management”. Adaptive
management has been defined by Rogers and Lutton (2011) (quoting Meffe et al. (2002)) as:

The process of treating resource management as an experiment such that the
practicality of trial and error is added to the rigour and explicitness of the scientific
experiment, producing learning that is both relevant and valid.

Adaptive management can be summarised under three headings:

e Active (classic or true) adaptive management in which the emphasis is strongly on the
scientific method, the process of “experiment” and on modelling

e Passive adaptive management in which there is much less emphasis on the scientific
method/experiment and more on learning by a range of means/tools

e Documented trial and error in which there is no stipulated structure to the decision
making process but what does happen and its consequences are nonetheless well
documented.

Active adaptive management has the following basic steps:

1. List imaginative policy options

Model system function and likely response to the new policy

Identify gaps in knowledge during the modelling process

Management actions designed and implemented as large scale experiment to fill
information gaps

5. Monitor system performance/response to management manipulation

6. Modify model on basis of experiment outcomes to decide on best policy.

o

It is proposed that Eskom follows an active adaptive management process to ensure on-
going improvement of and maintaining the relevance of this Wetland Management
Framework (WMF). Figure 23 below provides an overview of an adaptive management
framework compiled by Kotze (2004) for the Mondi Wetlands Project.
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Figure 23: An overall adaptive management framework for the management of open areas by
Mondi (Kotze, 2004)

PURPOSE OF THIS WMF

Defining the Term “Framework”

A framework has been aptly defined by the Business Directory as: “A broad overview,
outline, or skeleton of interlinked items which supports a particular approach to a specific
objective, and serves as a guide that can be modified as required by adding or deleting
items. (http://www.businessdictionary.com/definition/framework.html#ixzz2WfiFH7fk, 2013).

Within the context of the WMF, it is important to acknowledge that this represents a broad
overview, outline or skeleton of interlinked items to support Eskom’s commitment to ensuring
that the ecosystems (and wetlands in particular), under their jurisdiction are maintained in a
healthy ecological state. The WMF should therefore be seen as a generic framework for a
conservation plan that must be implemented, with appropriate customisation.

This WMF will therefore promote the conservation of the environment, with due cognisance
of the ecosystem services that it provides. The Framework will adopt the principle of
adaptive management with the feedback loops designed to ensure that the principle of
‘learning by doing’ is effectively implemented. The overall framework will consist of several
sub-frameworks, each designed to address specific aspects of Eskom’s activities. These
sub-frameworks will be integrated into the overarching WMF in such a way that the
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Framework will provide Eskom with a cohesive plan which addresses their need to
sustainably manage the wetlands under their jurisdiction.

Vision, Values and Obijectives of the WMF

The following vision, values and objectives underlie the WMF:

VISION

Eskom strives for no overall net loss of wetland ecosystem services in the catchments in
which Eskom operates.

VALUES

a) Eskom ascribes a high value to wetlands, both for their intrinsic value as well as for the
ecosystem services they provide.

b) Eskom aims to fully understand and minimise the direct and indirect impact of all its externalities
on wetlands and the catchments (including its human settlements) to which wetlands provide
ecosystem services.

c) Eskom aims to support stakeholders in their efforts to promote water resource management in the
catchments in which Eskom operates.

OBJECTIVES

a) Support management, planning, mitigation and restoration efforts through consistent and accurate
digital maps of all wetlands and riparian areas that will allow the promotion and monitoring of its
ecological integrity.

b) Recognising the benefits derived from ecosystem services, Eskom understands wetland ecology
and functioning by identifying and describing the range of natural variability in wetland ecological
infrastructure in the areas where Eskom and its suppliers operates.

c) Evaluate and describe the impacts of Eskom’s activities on wetlands and riparian areas.

d) Eskom’s dependence on ecosystem services. Identify important ecological infrastructure that
contributes to Eskom activities / sustainable energy.

e) Apply effective performance standards, monitoring tools, and management practices to enhance
the effectiveness of compulsory and voluntary mitigation, restoration planning and resource
management.

f)  Promote collaboration with stakeholders as well as information and data sharing amongst relevant
stakeholders.

g) Facilitate identification and protection of high-quality sites, sites of ecological importance and
particularly vulnerable wetlands. This includes identifying and protecting sites important for
Eskom activities / sustainable energy

h) Encourage multi-stakeholder efforts to address threats to wetlands and riparian areas.

i) Integrate wetland protection into all aspects of the life cycle of its projects and those of its

)

suppliers.
Develop renewable energy options.
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Sub-frameworks of the WMFE

An overview of the sub-frameworks contained in this WMF is provided below:

a) Hierarchy of conservation targets

Given the varied nature and role of wetlands in the landscape, it will be required to take
cognisance of and set conservation targets for each type of wetland affected by Eskom’s
operations.

b) Monitoring and evaluation

Indicators will be developed to monitor each of the sub-frameworks described below. These
will be based on the findings of the research and the targets set. This section will be
completed after the pilot study.

c) Carbon and wetlands

Wetlands are considered important sinks for greenhouse gasses. Wetlands under Eskom’s
jurisdiction will be ranked in terms of their Green House Gas (GHG) attenuation potential.
This will ensure that the criteria and targets related to wetland conservation take cognisance
of this important wetland function.

d) Wetland off-setting

There are times when Eskom is unable to avoid impacting on, or destroying wetlands. This
sub-framework will outline the decision-making process on how this destruction may be
offset to ensure no-net loss in the particular catchment.

e) Biodiversity conservation

This sub-framework will give methods for assessing the conservation status of the areas
under consideration and outline the necessary interventions and monitoring process to
ensure that targets are met.

f) Ecosystem services for communities

This sub-framework will set out the process for identifying and evaluating the value of the
ecosystem services used by communities and how these will be affected by Eskom
activities. Where the impact may be negative, the framework will include feedback loops to
assess mitigation measures where these are appropriate. At the same time, opportunities
will be identified to promote access to wetland goods and services by surrounding
communities, in support of Eskom’s social responsibility initiatives.
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g) Pollution attenuation for Eskom and their mines

The potential of wetlands (both natural and artificial) to attenuate pollution levels in surface
water could be harnessed by Eskom to promote water quality in the catchments within which
it operates. Understanding and incorporating this within the initial wetland inventory, will
ensure that the criteria and targets related to wetland conservation take cognisance of this
important wetland function.

h) RQOs of feeder catchments

Based on the pollution attenuation potential of wetlands, Eskom can set strategic
conservation and rehabilitation targets to improve catchment water quality.

i) Waste treatment

Eskom generates a variety of wastes, some of which are air-borne, some water-borne and
some solid. Each of these categories of waste will stress the environment and negatively
impact on the biodiversity. This sub-framework will guide the effective management of the
various treatment methods (e.g. high rate, artificial wetland, etc.) that may be selected. The
Eskom policy of zero liquid effluent discharge will be progressively implemented, but this
sub-framework will guide waste management under the current waste management regime.

APPROACH TO THE WMF

Action Categories

The elements of the Framework have been divided into four broad approaches to guide and

focus the user with respect to the purpose of the elements contained in the framework. Table

20 below provides an explanation of the categories and their focus and impact areas, as well

as the symbols that will be used in the WMF. The categories are:

e Catchment perspectives

e Corporate social responsibility

e Harnessing ecosystem services for the benefit of Eskom (including carbon and climate
change issues)

¢ Legal compliance.

These categories were devised based on current Eskom initiatives, policies, strategies and
value systems. Examples of prominent Eskom initiatives are provided in the two text boxes
below:
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Eskom presented its Vision 2030 with respect to water pathways to the Water Sector
Leadership Group (WSLG) during 2009. This included milestones for the period 2009 to
2015 and 2016 to 2030 and includes targets related to compliance, partnerships,
technology and management interventions which are all mostly focused on water use
efficiencies.

These are given in the Annexure.

Eskom Water Strategy

Principles:

a)
b)
C)
d)

Social progress which recognizes the needs of everyone
Effective protection of the environment
Prudent use of natural resources

Supporting an environment of high, stable economic growth and employment

The major water strategic objectives identified in Eskom’s Water Strategy are:

a)
b)
C)
d)
e)

f)

g)
h)

Ensure long term water scenario planning

Meet the water requirements for new and existing power stations

Meet the water quality objectives of the various catchments

Manage water cost increases into the future

Influence policy, strategy, legislation and regulatory environment

Regular communication and intervention with respective government
departments and other stakeholders by means of a dedicated advocacy and
stakeholder engagement plan

Implementing a water conservation water demand management strategy

Water management assurance, advisory and supporting role to projects, power

stations and coal mines.

Specific actions undertaken/subtasks of relevance for this study include:

a)
b)
c)

d)

Endorsement of the UN CEO Water mandate

Ensuring zero liquid effluent discharge

The compilation of a procedure for coal supply contracting, in order to ensure
suppliers are legally compliant

Closure plans for defunct and cost-plus mines
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Table 20: Wetland management framework approach and symbols used to indicate the
category of focus or impact

Symbol Category of Focus or Impact

E’gj Legal compliance
This category refers to measures that Eskom has to take to ensure that it is in
compliance with relevant South African legislation.

\\ﬁ Harnessing ecosystem services for the benefit of Eskom (including carbon
AN

and climate change issues)

This category refers to ways in which Eskom can promote and sustainably use
ecosystem good and services, on which the organisation as well as human health
and wellbeing depends.

Corporate social responsibility

This category refers to matters “beyond the Eskom fence line” and is mainly
strategic in nature with reference to maintaining good relationships with
surrounding communities as well as support the need for social development,
upliftment and poverty reduction in South Africa.

AM Catchment perspectives
MM This category refers to matters “beyond the Eskom fence line” and is mainly
strategic in nature with reference to the current and future state of water resource

in the relevant catchment.

Organisational Alignment

In order to ensure that the WMF is entrenched within Eskom, it is necessary to promote
alignment with its organisational systems. Figure 24 below summarises the main systems
that are typical of large organisations such as Eskom. It also indicates external linkages and
that scientific principles should underlie the WMF.

As such, throughout the WMF, linkages with these systems will be indicated. For example, to
ensure optimum access to data and information with respect to wetlands, it would be ideal to
centralise such information or ensure its uptake in a catalogue of metadata.The WMF will, in
cases such as these, remind the user to manage data by referring to “Data and Information
Systems”. In the same manner, should the need for education and awareness become
evident, the WMF will refer the user to Skills Development Systems.

To ensure that the WMF is properly entrenched within the organisation, corporate
communication about its existence is advised.
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Figure 24: The different organisational systems that characterise an organisation

The Eskom Project Life-Cycle Model (PLCM)

The WMF is ultimately aligned with the Eskom PLCM. The PLCM prescribes different project
phases and the step required for each. The PLCM, as the accepted practice and
management model of the life cycle of projects, is therefore ideal to form the foundation of

the WMF.
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The PLCM is represented below, and the appropriate category

SN
A\ A J or focus area (as explained in Table 20), has been indicated

next to each of the steps. The PLCM table also made provision for a column indicating the
desired alignment with organisational systems as shown in Figure 24. The PLCM table also
refers the user to the appropriate sub-framework to consult for more detail. It also guides the
user by asking essential or core questions which the user should aim to answer.

Table 21 below is thus the starting point for the WMF. Users engaged in the different project
life phases (whether for example construction or operation), should refer to the relevant
sections of the WMF as indicated for scientific and best practice guidelines.

Note that for the purpose of the WMF, the authors added “Operations” as a category to the
PLCM.
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3.2 USING THE WMF

This section of the document provides an overview of how to consult the WMF, the specific
actions that that follow after consulting the WMF as well as indicate the required feedback loop
to ensure that learning are incorporated into the WMF.

Figure 25: How to consult the WMF
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WETLAND DELINEATION WITH RESPECT TO BOTH ESKOM PREMISES AND THE
CATCHMENTS WITHIN WHICH THEY OPERATE

Hnnn

Pre-Feasibility

The need

The following pieces of legislation have bearing on all developments which may affect wetlands
(Armstrong, 2009): There have been changes to the legislation since Armstrong (2009) that
need to be taken into account.

i The Constitution, 1996
ii.  National Environmental Management Act, 1998 (NEMA)
iii.  National Water Act 36 of 1998 (NWA)
iv.  Conservation of Agricultural Resources Act 43 of 1983 (CARA)
v.  National Forests Act 84 of 1998 (NFA)
vi.  National Heritage Resources Act 25 of 1999 (NHRA)

vii.  National Environmental Management: Biodiversity Act 10 of 2004 (Biodiversity Act)
viii.  National Environmental Management: Protected Areas Act 57 of 2003 (Protected Areas
Act)

iX. Mountain Catchments Areas Act 62 of 1970

In addition, there are other pieces of legislation which may apply under certain circumstances,
such as the World Heritage Conventions Act 49 of 1999, the Seashore Act 21 of 1935 and the
Marine Living Resources Act 18 of 1998. Provincial and local government legislation may also
have specific relevance to specific instances.

Any developments which encroach on a wetland will need a Water Use License (WUL) from the
DWA. It is, thus, important that the location and extent of wetlands on a site is taken into
consideration early in the planning process.

Property boundaries are imposed on the natural ecosystem and so if the stream of ecosystem
services is to be conserved, then it is necessary to consider the entire ecosystem, and not just
the part under the jurisdiction of Eskom. The desktop assessment should, thus, take account of
neighbouring systems as well, and as far as possible include them in the planning process.

The Process

Preliminary wetland assessment may be conducted using Eskom’s wetland classification and
risk assessment index field guide (Eskom, undated). Wetland delineation is, however, a
specialised task demanding a high level of compliance. It should be done by practitioners who
are properly qualified. It may be worth Eskom’s while to train a member of staff to delineate
wetlands. Otherwise, qualified practitioners may be contacted through the South African
Wetland Society (http://society.wetlands.za.net/index.htm) if someone has not already been
identified. At the Pre-feasibility step, locate and make contact with a suitable service provider.

Feasibility

The need
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Accurate delineation of wetlands at the early stages of planning a development is necessary
because this will form part of the application for the permits and licences required for the
planned developments to proceed.

The process

a) With the wetland expert on site, confirm that all wetlands have been correctly identified.

b) Following the approved process (DWAF, 2008), ensure that all wetlands are delineated,
marked on the ground and mapped. The process should include the identification of the
type of wetland as well as any features which may need special attention. This
information may also be needed when assessing the stream of ecosystem services form
the wetland (Section 14 of the document).

¢c) While the wetland expert is on site it is necessary to have the present ecological state
(PES), ecological importance and sensitivity (EIS) and threats to the wetland health
determined (Anon, 1999; DWAF, 2004; DWAF, 2008; Kleynhans, 1999; MacFarlane et
al., 2009). The reason for this is that if it becomes necessary to apply for a wetland
offset permit, the authorities will assume that the wetland to be impacted is in ‘A’ class
and determine the offset accordingly. Whereas if the wetland is in a ‘B’ or ‘C’ class the
requirements for the offset will be adjusted accordingly. This will determine if there is an
attribute that needs special conservation attention.

d) All the results of the delineation, PES and EIS determinations should be handed to the
contract managers. This should include all maps, electronic and paper.

e) The delineation and the determination of the PES and EIS will enable the planning to
take account of wetlands and assess the potential impacts of the development, including
any mitigation measures which may be necessary.

f) These documents may then be submitted to the relevant authorities to get the required
environmental authorisations.

Integral to the delineation of wetlands is the determination of the buffer zones around the
wetlands. This is covered in Section 11 of this document.

Business Plan

Ensure that all documents related to the findings of the wetland delineation, PES and EIS
determinations have been made available to the business planning process, and are accounted
for in this process.

Construction

Ensure that the wetlands, as delineated and marked on the ground, as well as their buffer zones
(Section 11) have been demarcated as no-go zones for all construction processes.

Commissioning and Hand-over

Conduct a new baseline assessment on all wetlands to monitor impacts of the construction
process on wetlands, and remediate/rehabilitate impacts as necessary.

Operation

The environmental management system (EMS) provides a model based on ISO 14001 within
which there is guidance for continual improvement in the management of the environmental
responsibilities of an organisation (DEAT, 2004). This model should be adopted and kept
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updated. Any change in operations should be communicated to the environmental office which
should conduct routine monitoring. The environmental office should report on the state of
wetland management in terms of the conditions set out in the Water Use License, the RoD and
other permitting requirements that may exist. It may be expedient to develop a standard format
for this report. This report will provide communication from the environmental office to the
central management office. It is important that this communication is open and that operational
decisions which will affect the environment are communicated timeously to the environmental
office. Communication should also be maintained with the stakeholder forum, although this will
not cover the same level of operational detail as the communication with the management
office. All documents should be lodged in the central repository.

During the operational phase, the wetland demarcation should be maintained so that operations
do not interfere with the wetlands. After any incident, such as fire or a spill, which may destroy
the demarcation, the wetland and demarcations should be returned to the required state in
terms of the environmental management plans (EMP).

Evaluate

The adaptive management cycle should address the integrity of the wetland as initially
delineated — see Section 21 below.

3.3 IMPACT INVENTORY (POLLUTION, ALTERING OF HYDROLOGICAL REGIMES,
DISTURBANCES, INVASIVE SPECIES, EROSION AND SILTATION)

Hnnn

Pre-feasibility
The need

It is necessary to know the health of the wetlands on the site before the start of any activities.
The reasons for this are:

o Are there different sites on which to develop? If there are, then the following procedures
should be undertaken on each site. This will contribute to the decision-making process.

e The condition (or health) of the wetlands on a greenfield site will form part of the application
for a water use license (WUL). Where any mitigation, rehabilitation or offset activities are
necessary the condition (or health) of the wetlands at the beginning of the project will form the
basis for conditions imposed through the WUL or other permits. In addition, it will set the
baseline for decisions on any mitigation, rehabilitation or offset activities to be carried out.

e The impacts on the wetland(s) should be considered when planning the developments that
are to be undertaken. This will provide the basis for decisions on alternate layout, design,
technology and operational aspects to minimise impacts which should be considered in the
overall planning.

Working for Wetlands has been mandated by DEA to perform or oversee wetland activities
which require permitting. So, Working for Wetlands should be engaged early on in the process
and their guidance sought when assessing impacts on wetlands.
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The process

Impacts before activities begin on the site

The existing impacts on the site should be inventoried using the method described in WET-
Health (MacFarlane e al., 2009). There are two components to this method. The first is done at
desktop using aerial photography, Google Earth or some similar resource. From this it is
possible to gauge the likely threats or impacts on a site from the surrounding land use. The
second component requires an experienced wetland scientist to examine the wetland site and
identify and inventorise the impacts on the ground. This will set the baseline for further
negotiation in permit applications and site planning.

Planning during the pre-feasibility phase

Once the wetlands have been mapped and existing impacts determined it is possible to
consider the planned developments. Inventorying impacts from the development should
consider the following points:

e The options of layout, design, technology and operations should form part of the inventory of
the impacts on the site and their mitigation.

¢ Layout of infrastructure on the site — this should be planned and inventoried with the impacts
that the infrastructure will have on wetlands during the construction and operation phases.
For instance, hard surfaces (including roads) will alter the runoff pattern on the site; culverts
will channel flow that previously may have been diffuse across the site, causing erosion;
effluents streams from the planned activities need to be handled in a way that will minimise
impacts on the wetlands and so the infrastructure to handle effluents should be sited with this
in mind. Where there is more than one site being considered the available options should be
assessed for all sites.

The impacts originating from neighbouring properties or originating on the Eskom site and
impacting on neighbouring properties should be inventoried. Options for working together with
neighbours, where advantageous, should be considered at this stage so that they may form part
of the Public Participation Process of the project.

Feasibility

Decisions taken at the pre-feasibility stage should be passed to the Feasibility stage for
incorporation into the final planning.

Business Plan

The impact inventory will complement the assessment of the impacts of the development and
they will need to be incorporated into the process of obtaining the WUL and other permits
necessary the project to proceed.

Planning and Design

The planning and design should take account of the impacts as inventoried and incorporate
appropriate mitigation strategies where relevant.
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Contracting and procurement

Where relevant, clauses on the prevention or minimisation of impacts as inventoried and
assessed should be included in work package contracts.

Construction

Plan to ensure that foreseen impacts are minimised during the construction phase.

Be alert for impacts that were not foreseen, and mitigate these.

Operation

The initial impact inventory was completed at the pre-feasibility stage. This inventory should be
monitored and updated at between one and five year intervals, depending on the indicators
selected. Changes that have taken place both on the site and in the adjacent landscape which
may change the situation should be recorded. This document should be lodged in the central
repository.

Evaluate

Confirm that the impacts foreseen during the pre-feasibility phase were assessed correctly.
Note any impacts that were not foreseen and how they have been mitigated.

Ensure that the adaptive management process includes indicators that will identify and assess
the impacts of the development (see Section 21 below).

3.4 IMPACT ASSESSMENT

Hinnn

Pre-feasibility

The need

Having inventoried the impacts on the site before any development has taken place, it is
necessary to assess the health of the wetlands. The reasons for this are:

e The state of the wetland’s health will provide a baseline against which impacts during the
construction and operation phases will be assessed. If this is not done it will be assumed that
all wetlands were in ‘A’ class — see the following bullet point.

e The condition (or health) of the wetlands on a greenfield site will form part of the application
for a water use license (WUL). Where any mitigation, rehabilitation or offset activities are
necessary the condition (or health) of the wetlands at the beginning of the project will form the
basis for conditions imposed through the WUL or other permits. In addition, it will set the
baseline for decisions on any mitigation, rehabilitation or offset activities to be carried out.
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Working for Wetlands has been mandated by DEA to perform or oversee wetland activities
which require permitting. So, Working for Wetlands should be engaged early on in the process
and their guidance sought when assessing impacts on wetlands.

The Process

Impacts before activities begin on the site

The existing impacts on the site should be assessed using the method described in WET-Health
(MacFarlane e al., 2009). There are two components to this method. The first is done at
desktop using aerial photography, Google Earth or some similar resource. From this it is
possible to gauge the likely threats or impacts on a site from the infrastructure to be developed
as well as the surrounding land use. The second component requires an experienced wetland
specialist to examine the wetland site and identify and assess the impacts on the ground. This
will serve to test projections of the impacts on the ground.

Planning during the pre-feasibility phase

Once the wetlands have been mapped and existing impacts assessed it is possible to consider
the planned developments. The planning should consider the following points:

e The options of layout, design, technology and operations should form part of the assessment
of the impacts on the site and their mitigation.

¢ Layout of infrastructure on the site — this should be planned in consideration with the impacts
that it will have on wetlands during the construction and operation phases. For instance, hard
surfaces (including roads) will alter the runoff pattern on the site; culverts will channel flow
that previously may have been diffuse across the site, causing erosion; effluents streams
from the planned activities need to be handled in a way that will minimise impacts on the
wetlands and so the infrastructure to handle effluents should be sited with this in mind.

Impacts originating from neighbouring properties or originating on the Eskom site and impacting
on neighbouring properties should be included in the assessment. Options for working together
with neighbours should be planned.

Feasibility

Decisions taken at the pre-feasibility stage should be passed to the Feasibility stage for action.

The projections of impacts made at the pre-feasibility stage may be checked/ground-truthed by
the wetland specialist.

Business Plan

Assessment of the impacts of the development need to be incorporated into the process of
obtaining the WUL and other permits necessary for the project to proceed.

Planning and Design

The planning and design should take account of the impacts as assessed and incorporate
appropriate mitigation strategies where relevant.
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Contracting and Procurement

Ensure that contractors are aware of their potential impacts and abide by the plans to mitigate
these. Where relevant, clauses on the prevention or minimisation of impacts as inventoried and
assessed should be included in work package contracts.

Construction

Plan to ensure that foreseen impacts are minimised during the construction phase.

Be alert for impacts that were not foreseen, and mitigate these.
Operation

Impacts from the operations on site have been identified and plans have been put in place to
mitigate these. The potential impact of any changes in the operations should be assessed both
in terms of the legal requirements as well as changes in the ecosystem services and measures
to mitigate these impacts should be put in place.

Incident management plans should be drawn up to address accidents that will potentially occur.
Training on avoiding and managing incidents in and around wetlands should be included in the
training programmes for staff as well as the induction course for contractors on site.

Incidents and any changes in incident management should be reported regularly and the
reports should be lodged in the central repository.

Evaluate

Confirm that the impacts foreseen during the pre-feasibility phase were assessed correctly.
Note any impacts that were not foreseen and how they have been mitigated.

Ensure that there the adaptive management process includes indicators that will assess the
impacts of the development and operations.

3.5 WETLAND HEALTH ASSESSMENT
Pre-Feasibility

Before any activities take place on the site

The health of wetlands on the site should be assessed prior to any activities taking place on the
site following the method described in MacFarlane et al. (2009). At the same time the threats to
wetland health should be identified so that these may be taken into account, and mitigated
where possible, in the planning and development of the site. The present ecological state (PES)
of the wetland should be determined at this stage as this will set the baseline against which
future health assessments will be made. At the same time the Ecological Importance and
Sensitivity (EIS) should be determined (DWAF, 2004; 2007; 2008).
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The assessment of Wetland Health together with the determination of the PES and EIS will give
an indication of which of the ecosystem services are important in the system.

Feasibility
Ensure that the health of the wetland has been determined and that threats to the health have

been defined.

Ensure that the PES and EIS have been determined.

Business Plan

The business plan should address the management of the threats to wetland health such as
alien invasive plants, erosion, siltation, etc. It should also address the formation of strategic
partnerships with other stakeholders and in particular with Working for Wetlands and Working
for Water as appropriate.

Contracting and Procurement

Ensure that those contracted to work on site understand the importance of maintaining wetland
health and abide by the requirements set for wetland protection on the site.

Operation

Maintaining wetland health is a requirement in terms of the WUL and the RoD. It is important
that this is communicated through training and general awareness creation to all personnel
employed on the site. As ecosystems are not confined within property boundaries, it is also
necessary to communicate the activities in the wetlands with the stakeholder forum, specifically
adjacent property holders, so that all understand what is to be achieved.

Evaluate

A suitable indicator of wetland health should be included in the adaptive management
framework.

3.6 VEGETATION
Hinn

Pre-Feasibility

The initial wetland impact inventory and assessment will have identified the presence of alien
invasive vegetation where this is an issue, and its control will have been planned.

Regulations have been gazetted requiring control of invasive alien plants (SANBI, viewed June
2013). In summary, category la or 1b species must be removed and destroyed and species in
category 2 and 3 may only be kept under certain conditions. The species of concern are listed
on the SANBI web site. Personnel involved in the management of vegetation on Eskom
property should be trained in the recognition and handling of these plants.
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Feasibility

The ecoregion of the country into which the wetland falls (Kleynhans et al., 2008) will determine
what indigenous vegetation may be expected to occur in a wetland. This will have been
identified during the determination of the PES and EIS.

The threats and impacts to the wetland will have been determined through the impact inventory,
the impact assessment and the wetland health assessment. One impact, or threatened impact,
that should be closely managed is the presence of alien invasive vegetation. Alien invasive
vegetation is detrimental to wetlands for a variety of reasons, all of which lead to a change
(usually negative) in the stream of ecosystem services which the wetland delivers.

During the Feasibility phase plans should be made to promote the growth of indigenous
vegetation cover and to control any alien invasive vegetation which may be present. Where
possible, a strategic partnership should be formed with the Working for Wetlands and/or
Working for Water programmes of DEA. Working for Wetlands have been mandated by DEA to
conduct wetland rehabilitation, and so are able to advise and help in this regard where required.

Business Plan

The business plan should include measures to conserve wetland health, such as the on-going
control of alien vegetation where it occurs and the promotion of indigenous vegetation.

Vegetation management is an on-going activity. While the initial clearance of alien invasive
vegetation may be a once-off activity, the follow-up is likely to go on for a decade or longer and
this should be noted in the plan.

Contracting and Procurement

Teams engaged to work on the vegetation in wetlands should be trained in the Recognition and
handling of alien vegetation. The guidelines issued by Eskom (Eskom 2009; 2010) provide the
basis from which to work. Detail on certain species of invasive plants is available from SANBI.

Operation

During the EMS process objectives and targets will have been set for the management of
vegetation on Eskom property, and for the purpose of this framework specifically for vegetation
management in wetlands. Progress towards these targets should be monitored and reported in
the routine reports submitted to the central management office.

Where a dense infestation of alien vegetation has been cleared it is advisable to seed or plant
the area with suitable indigenous vegetation to hasten recovery and so reduce erosion during
the recovery period. Contact details of nurseries where seed or plant material may be sourced
are available from Working for Wetlands personnel.

In the management of alien invasive vegetation regular communication with the stakeholder
forum is important, as any area where the alien invasive vegetation is not controlled will serve
as a source of reinvasion, so increasing the length of time needed to control the problem
indefinitely.
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Evaluate

Monitoring of the vegetation in and around wetlands should be on going.

3.7 PRIORITISATION OF WETLANDS FOR REHABILITATION AND INTERVENTION

N

Pre-Feasibility

In recognition that resources for the rehabilitation of wetlands are limited, it is necessary to
prioritise interventions so that maximum impact may be achieved by the interventions initiated.
The tool that is available for wetland prioritisation is WET-Prioritise (Rountree et al., 2009).
WET-Prioritise may be used at national, regional or local scale. There may be times when
resources need to be assigned at the national level, but there may, equally, be times when
wetlands on a single site need to be prioritised. This tool can cope with this variation in scale.

The steps to be considered in the prioritisation of wetlands for rehabilitation are to identify the
role of the wetland/s in the catchment and whether the catchment has it been earmarked for
conservation (Driver et al.,, 2011). And, for instance, is the aim to address structural
rehabilitation, water quality or some other wetland function? Or is there a need to consider
applying for a wetland offset (or off-site mitigation — See relevant section below).

Feasibility

Decisions on which interventions are the most important may have to be made on a national,
regional or local scale. This section focuses on the local scale.

In consideration of the health of the wetland, the nature of the impacts on the wetland and the
stream of ecosystem services which the wetland should deliver together with the nature and
extent of rehabilitation required, interventions on the wetlands on a site may be prioritised.

Business Plan

Wetlands prioritised for rehabilitation should be listed in the Business Plan for the appropriate
action.

The strategic partnership with Working for Wetlands should cover this aspect as well.
Contracting and Procurement

Contracting and procurement should be done in conjunction with Working for Wetlands.
Operation

The aim(s) of the wetland management, as articulated in the prioritisation process, should be
recorded in the EMS documentation which will be reviewed in the cycle of adaptive
management.
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Evaluate

A suitable indicator(s) should be identified for use in the adaptive management cycle to monitor
the success of the prioritisation process in achieving the original aim(s) of the intervention.

3.8 REHABILITATION OF IMPACTS
Hinn

Pre-Feasibility

During the pre-feasibility assessment, the wetlands on site should be examined to see whether
they need to be rehabilitated and how they can be conserved. In a situation where impacting on
a wetland is inevitable the options for wetland management as laid out by SANBI should be
investigated. The ideal is “no net loss” of wetlands. Firstly, wetlands should be avoided as far
as possible. If it is not possible to avoid the wetlands, then any impact should be minimised.
Only as a last resort should residual impacts be compensated by wetland offsets (Dini,
undated).

Working for Wetlands should be consulted for advice on addressing the rehabilitation of impacts
on wetlands.

Feasibility
Planning of when and how to rehabilitate wetlands should be addressed. Those which may be

Construction

Wetland crossings and culverts should be designed in such a way as to cause minimal
disturbance to the wetland. One thing to avoid as far as possible is the channelling of flow as
this will disrupt the diffuse flow through the wetland and is likely to cause a channel to develop
which will lead to erosion and the loss of wetland function.

Commissioning and Hand-over

Ensure that all construction material has been removed from wetlands and that any damage
has been rehabilitated.

Operation
Ensure that, during the course of operation, the conditions of the WUL and RoD are followed. If

changes in operation will influence the wetlands, then determine the effects and implement any
necessary rehabilitation.
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3.9 BIODIVERSITY CORRIDORS
HiNn

Pre-Feasibility

Determine where biodiversity corridors are necessary and plan for these. Biodiversity corridors
should be planned together with buffer zones.

Planning and Design

Mark out the biodiversity corridors as required.

Construction

Ensure that the biodiversity corridors are laid out and respected.

Operation

Biodiversity corridors should be kept clear of disruption and disturbance as this will reduce their
effectiveness.

Evaluate

The Adaptive management process should monitor two aspects: 1) the integrity/disturbance of
the corridor, and 2) the usage, against the foreseen usage.

3.10 BUFFER ZONES
NN

Pre-Feasibility

The width of a buffer zone around a wetland will vary depending on the land use and the level of
protection required. General agricultural activities may require a buffer zone of 30 meters.
Forestry activities will require a buffer zone of a minimum of 20 m. The ROD or the WUL may
give guidance on the actual width required. There is currently a WRC-funded project on buffer
zones and this will give further guidance on this topic.

Feasibility
Ensure that the required buffer zone is included in the planning of developments.

Construction

Ensure that the buffer zones around wetlands are protected in the same way that wetlands are
protected.
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3.11 INDICATORS AND EARLY WARNING SYSTEMS

Pre-Feasibility

Monitoring can become expensive and so indicators need to be selected to accurately give the
required information as inexpensively as possible. For instance, the invasion of a wetland by
terrestrial vegetation will indicate that the wetland is drying.

The location of the indicator in the DPSIR framework will then guide the management response
to the change. In the above example, for instance, the indicator indicates a change in state with
the reason for the change (or Driver) being a change in the hydrology of the wetland. Therefore
the management intervention should be aimed at the hydrology.

Determine the aspects of wetland management which need to be monitored and design
effective indicators to detect change. Some indicators, such as erosion or head cuts, may need
to be monitored annually or more often during the wet season. Others, such as the invasion of
terrestrial vegetation, may only need to be monitored every 3 to 5 years unless there has been
a change in the catchment or operation of the site which poses a threat to, for instance, the
wetland hydrology.

Indicators may be structural, for instance, the example of the indicator given above, or
functional.

Feasibility

Design, with the help of experts where necessary, indicators appropriate to the wetland situation
with which you are confronted. Some ideas for indicators are given in ‘Eskom’s wetland
classification and risk assessment index field guide’.

Operation

Indicators should form part of an adaptive management programme which is designed to
monitor progress towards achieving the vision or desired future state for the wetland (See
relevant below).

3.12 VEGETATION MANAGEMENT
NN

Pre-Feasibility

Eskom has well defined guidelines for the management of vegetation on its property and
servitudes. These guidelines include managing vegetation in wetlands. These guidelines
should guide activities in two ways:

i.  All personnel responsible for vegetation management should be fully trained in the
implementation of the guidelines, and
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i.  The guidelines should be revised at appropriate intervals to ensure that they address all
statutory requirements for management of vegetation.

Operation

Vegetation management on Eskom property should be supervised by a competent person.

3.13 ECOSYSTEM SERVICES
Hinn

Pre-Feasibility

The ecosystem services delivered by the wetlands need to be assessed. It is recommended
that assessment of ecosystem services be undertaken by an expert. While this can be done for
the Eskom property alone, it will be of more use if the system is taken as a whole, i.e. assess
the Eskom property in conjunction with the neighbouring properties that are part of the same
system. In this way, the overall ecosystem will be considered, and the areas where the wetland
condition is less than optimal will be identified for appropriate intervention. The key general
reference to the identification of ecosystem services is the Millennium Assessment (MA, 2005)
and references specific to the Olifants River Basin in the North-East of South Africa are the
report on the nature, distribution and value of aquatic ecosystem services of the Olifants,
Inkomati and Usutu to Mhlatuze Water Management Areas (DWA, 2010). This content of this
report has been further developed by the reports from the Directorate Water Resource
Classification (2011a; 2011b). Knowledge of the ecosystem services provided by the wetlands
on the site and neighbouring properties will assist in prioritising the aspects of wetland
management that have been identified as needing attention. Some other useful references in
this respect are Ginsburg et al. (2010); Kotze et al. (2010); Turpie (2010a; 2010b); Turpie and
Kleynhans (2010); Turpie et al. (2010).

Once the ecosystem services delivered by the wetlands have been assessed it will be possible
to plan for any interventions necessary to restore or enhance these. In planning this, it is
necessary to take the requirements of the WUL and ROD into account.

Useful Resources

Directorate Water Resource Classification, 2011a. Department of Water Affairs, South Africa,
May 2011.

Classification Of Significant Water Resources In The Olifants Water Management Area (WMA
4): Report 3a: Report on IUAs and Report on Socio-economic evaluation framework and the
decision-analysis framework. Report 3b: Analysis scoring system.
RDM/WMAO04/00/CON/CLA/0311 DWAF (2004).

Development of a framework for the assessment of wetland ecological integrity in South Africa.
Phase 1: Situation Analysis. by MC Uys. Contributors G Marneweck and P Maseti. Report No.
0000/00/REQ/0904 ISBN No.: 0-621-35474-0. Resource Quality Services, Department of Water
Affairs and Forestry, Pretoria, South Africa.
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Directorate Water Resource Classification, 2011b. Department of Water Affairs, South Africa,
July 2011. Classification Of Significant Water Resources In The Olifants Water Management
Area (WMA 4). Report on Socio-economic evaluation and the decision-analysis framework.
RDM/WMAO04/00/CON/CLA/0411

Ginsburg, A.E., J.G. Crafford and K.R. Harris. 2010. Framework and Manual for the evaluation
of aquatic ecosystems services for the Resource Directed Measures. WRC Report TT 462/10.
Water Research Commission, Pretoria.

DWA, 2010. The nature, distribution and value of aquatic ecosystem services of the Olifants,
Inkomati and Usutu to Mhlatuze Water Management Areas. Contract Report by Anchor
Environmental Consultants for Department: Water Affairs, 362pp.

Kotze D, H Malan, W Ellery, | Samuels and L Saul: Series Editor: H Malan, 2009. Wetland
Health And Importance Research Programme 7: Assessment of the environmental condition,
ecosystem service provision and sustainability of use of two wetlands in the Kamiesberg
uplands. Report to the Water Research Commission

MA, 2005. Millennium Ecosystem Assessment: Ecosystems and human well-being: synthesis.
Island Press, Washington, DC

Turpie J, K. Lannas, N. Scovronick and A. Louw., 2010. Wetland valuation. Vol I: Wetland
ecosystem services and their valuation: a review of current understanding and practice. Series
editor H Malan: Wetland Health and importance Research Programme 8. WRC Report No. TT
440/09.

Turpie J, 2010a. Wetland valuation. Vol II: Wetland valuation case studies. Series editor H
Malan: Wetland Health and importance Research Programme 9. WRC Report No. TT 441/09.

Turpie. J 2010b. Wetland valuation. Vol lll: A tool for the assessment of the livelihood value of
wetlands Series editor H Malan: Wetland Health and importance Research Programme 10.
WRC Report No. TT 442/09.

Turpie and M. Kleynhans. 2010. Wetland valuation. Vol IV: A protocol for the quantification and
valuation of wetland ecosystem services. Series editor H Malan: Wetland Health and
importance Research Programme 11. WRC Report No. TT 443/09.

3.14 WETLAND OFFSETTING

Pre-Feasibility

Wetland offsetting should be considered only after measures have been taken to, firstly, avoid
wetlands and, secondly, to minimise any impacts. Only then will permit applications for
offsetting (onsite or offsite) be considered. SANBI has developed the document entitled
‘Towards a best practice guideline for wetland offsets in South Africa’ (SANBI and DWS, 2014)
out for review. It is intended for DWA and DEA to endorse this document so that when the need
for wetland offsetting is permitted, it will be done in terms of this guideline.
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3.15 MONITORING
D[ Jpon

Pre-Feasibility

The monitoring programme should be designed following the framework of Strategic Adaptive
Management (SAM) as illustrated in Figure 26 (Pollard and du Toit, 2007). This provides a
rigorous structure within which the vision for the wetland (or other ecosystem) is set and the
interventions to achieve this vision are monitored and recorded. In this way it is possible to
follow and assess the development of interventions based on management decisions and to
adjust these as necessary to meet the vision for the desired future state of the wetland.

While it is essential that Eskom personnel and other stakeholders who are concerned play an
active role in the development of the SAM framework, it is recommended that the process is
facilitated by someone experienced in the SAM process. This will ensure that Eskom will get
the maximum benefit from the implementation of SAM.

Figure 26: A Framework for SAM showing 5 key steps (from Biggs & Rogers 2003, adapted by
Pollard & du Toit, 2007)
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Operation

The rigour of the SAM process requires that records be kept of each step taken and that each
decision and its outcome are followed over time to ensure that the interventions taken will
achieve the desired state.

3.16 ECOSYSTEM SERVICES FOR COMMUNITIES

Purpose of this sub-framework:

This sub-framework will set out the process for identifying and evaluating the value of the
ecosystem services used by communities and how these will be affected by Eskom activities.
Where the impact may be negative, the framework will include feedback loops to assess
mitigation measures where these are appropriate. At the same time, opportunities will be
identified to promote access to wetland goods and services by surrounding communities, in
support of Eskom’s social responsibility initiatives.

High-level overview:

An investigation into the reliance of surrounding communities for their livelihood on wetlands is
required. In some instances, continued access to land to continue using the services that
wetlands provide, will impact positively on sustainable livelihoods of communities reliant on
wetland services. At the same time, the sustainable use of wetlands provides opportunities for
wetland conservation whilst balancing corporate social responsibilities. The compilation of a
Management Plan for wetlands associated with sustainable livelihoods will promote wise and
sustainable use.

Useful Resources

Abbot Grobicki (Pty) Ltd, 2002. Cultivation of plants in restored urban wetlands for income
generation in local communities. WRC Report No 1054/1/02.

J Turpie Wetland Valuation. Vol iii: A Tool for the Assessment of the Livelihood Value of
Wetlands, 2010. WRC Report No TT 442/09.

Sharon Pollard, Derick du Toit, Tessa Cousins, Donovan Kotze, Edward Riddell and Claire
Davis, 2010. Sustainability indicators in communal wetlands and their catchments: Lessons
from Craigieburn wetland, Mpumalanga. WRC Report No. 1709/1/10.

D Kotze, H Malan, W Ellery, | Samuels and L Saul, 2010, Assessment of the environmental
condition, ecosystem service provision and sustainability of use of two wetlands in the
Kamiesberg Uplands. WRC Report No. TT 439/09.

Biodiversity GIS (BGIS), http://bgis.sanbi.org/

W Ellery, S Grenfell, M Grenfell, C Jaganath, 2010. A method for assessing cumulative impacts
on wetland functions at the catchment or landscape scale, WRC Report No. TT 437/09.
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Prefeasibility

Perform Concept design

A. As a first step, it will be required to ascertain whether any wetland will be affected by the
proposed project as well as its conservation and health status.
a) Available data (such as those from BGIS) can be consulted to determine if wetlands
occur on site
b) A site visit may be required to identify any wetlands on site. Note that during dry
seasons/periods it may be difficult to identify wetlands
¢) Reports from Consultants may contain the required information
d) The environmental services associated with the wetland should be identified, using
the appropriate tools (Refer to the section on wetland identification and assessment).
B. If wetlands are present on site, it will be required to determine in what way its presence will
influence the concept design as well whether any social or economic dependencies exists.
The methodology is discussed in the section below. (Any modifications of on-site hydrology,
might affect wetlands on adjacent properties or downstream in the catchment. This must be
taken into consideration.)

Perform Stakeholder Needs Assessment

%

The extent (spatial and ecosystem services as well as wetland hydrology) of wetland
impacts/modification must be understood in order to identify and engage with stakeholders.
Affected owners and/or users of land should be considered as potential stakeholders.

Ascertaining the level of direct reliance on wetland goods and services to sustain livelihoods will
be an important step to understand the needs of communities in particular who use wetlands for
a variety of social, cultural and economic benefits. The steps that need to be undertaken in the
assessment process are as follows (based on J. Turpie, 2010):

a. Define the objectives and level of study

Define the study area boundaries and wetland dependent community;
Describe habitats and provision of services

Score benefits derived from wetland(s)

Assess vulnerability of local community

Assess current level of dependence on the wetland(s)

Calculate Wetland Livelihood Value Index

Assess sustainability of the community-wetland relationship.

S0 oo0C

Perform Base Infrastructure Assessment

New infrastructure related to supply of services or access to the site, should also be
investigated in the same manner, in order to determine whether any wetlands and associated
social and economic reliance on goods and services from them will be affected.
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Legal and Requlatory Requirements

L

The legal implications of any impact on or proposed use of wetlands must be ascertained. Refer
to the relevant section providing an overview of the legal matters pertaining to wetlands. Legal
Counsel can be obtained, or the matter discussed with the relevant authorities.

Legal implications may impact on:

— Project time frames and project budget due to the need for environmental authorization

— Project feasibility in cases where wetlands have been classified as a high priority for
conservation

— Project budget due to the need for rehabilitation of impacts associated with the proposed
project

— Project time frames due to the need to execute specialist studies and consult with
stakeholders

It must also be noted that South African legislation does not distinguish between natural and
artificial wetlands. Wetlands that are or have been atrtificially created will after a certain number
of years have the same legal status as naturally occurring wetlands.

Partner Selection

Depending on the nature of the proposed project, a wetland partner may be required. For
example in the case of rehabilitation, Working for Wetlands is a suitable partner. The local
Wetland Management Forum of the relevant catchment will be a good source of information on
potential partners.

In instances of community livelihoods and wetlands, community representatives will have to be
selected. Wetlands and their hydrological regime oven stretch over property boundaries and it is
therefore important to ensure that landowners in such cases be involved in the initiative as
partners.

Commercial and Financial Structure

The appropriate commercial and financial vehicle has to be identified with relevance the matter
at hand. For example:

— Providing funding for rehabilitation

— Providing and managing of seed funding for community initiatives

— Managing contributions from landowners and grant funding

— Providing for and management of funding for the execution of studies and research
— Holding land in trust for communities

— Compensating communities for loss of livelihoods.
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Business Case and Risk Assessment

N\Z w AN
A - M
Should it be found that livelihoods will be negatively affected, it should be understood in what
way this will happen, in order to compensate communities for their loss. For example if access
to a wetland is cut off and with it the opportunity to harvest materials for roofing or making

baskets, in what way can communities still access the raw materials needed or can
supplementary materials be supplied?

If opportunities have been identified to actively support wetland conservation through
sustainable livelihoods, the nature of the particular wetland will dictate the services that it can
provide in a sustainable manner. The report by Kotze et al. (see “Useful Resources” above)
provides detail on how to execute studies of this nature. For example, it is possible to cultivate
economically valuable plants at high density in wetlands, and if growing conditions are
optimized then it should be possible for such a project to become a sustainable source of
employment and wetland protection. Cultivation practices should be promoted which rehabilitate
wetland function and be of a non-automated nature. The cultivation site must be actively
monitored over the long-term, to detect and manage the environmental impacts of the project. It
is recommended that pristine wetlands be promoted for the least invasive forms of livelihood
support. Altered degraded wetlands can be considered for cultivation (where planting will
enhance the ecological and hydrological functioning of the wetland) as well as harvesting of
natural vegetation/resources. It will be vital to discuss any proposed cultivation and other uses
with the relevant authorities.

Stakeholder Management

%

Given that issues of livelihoods are by nature emotive, it is advisable that a stakeholder
management plan be compiled, setting out who must be consulted in what way, as well as the
frequency there-off. Stakeholder management might involve aspects of education, training and
awareness.

For the purposes of education, training and awareness, especially in circumstances requiring
behaviour change, the required assessments have to be done in order to ensure that education
and awareness interventions are effective. KAP studies (Knowledge, Attitude, Practice) provide
a good indication of the manner in which

Project Development Planning

PR 2

Given that this phase of the PCLM represent an investigation with a greater amount of detail,
the same guidelines can be used as is explained above in this section.
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Screen, Prioritise and Approval

During this phase, it will be determined to establish whether any new decisions have been taken
that will necessitate a repeat of the processes described above. The final decisions and their
related wetland implications must be talked forward into the next phase.

Assess Stage and Plan Next Stage

The final decisions and their related wetland implications must be talked forward into the next
phase.

3.17 POLLUTION ATTENUATION FOR ESKOM AND THEIR MINES WITH RELEVANCE
TO RQOS OF FEEDER CATCHMENTS

SR
\ A

Eskom generates a variety of wastes, some of which are air-borne, some water-borne and
some solid. Each of these categories of waste will stress the environment and negatively impact
on the biodiversity. This sub-framework will guide the effective management of the various
treatment methods that may be selected. The Eskom policy of zero liquid effluent discharge will
be progressively implemented, but this sub-framework will guide waste management under the
current waste management regime.

Wetlands have adapted to more acidic and higher salt loads due to their position in the
landscape. Wetlands therefore are worthy of conservation given that they act as natural sinks
for the products (within limits) of mine water effluents.

The potential of wetlands (both natural and artificial) to attenuate pollution levels in surface
water could be harnessed by Eskom to promote water quality in the catchments within which it
operates. Understanding and incorporating this within the initial wetland inventory, will ensure
that the criteria and targets related to wetland conservation take cognisance of this important
wetland function.

Based on the pollution attenuation potential of wetlands, Eskom can set strategic conservation
and rehabilitation targets to improve catchment water quality.

Useful Resources

Environmental Protection Agency, U.S. Army Corps of Engineers: Guiding Principles for
Constructed Treatment Wetlands: Providing for Water Quality and Wildlife Habitat.

Waste Treatment

Although wetlands have long been recognized for their flood control and water quality
improvement functions, the unrestricted use of natural wetlands as receptacles for point and
nonpoint sources of pollution may have adverse effects on wetlands and wetland biota. If
natural wetlands are the ultimate receiver of polluted runoff, the potential impacts of such
discharges must be investigated and appropriate management practices designed to minimize
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any impacts. Pre-treated effluent however, may be used to restore degraded wetland systems,
provided that the source water meets all applicable water quality standards and criteria and the
practice would result in a net environmental benefit to the wetland being restored. The
requirement for legal compliance and authorisations before commencing such a practice, must
however be investigated.

Artificial Wetlands

Although it takes a certain length of time for an artificial wetland to function at an optimal level
and that a certain level of routine maintenance is required to support continued optimum
functioning. Artificial wetlands have been used successfully in a variety of situations. As with
any system (natural or manmade) it must be acknowledged that due to its nature as an open
system, it should not be viewed in isolation from surrounding landscapes and ecosystems, as
well as social and economic needs. The ecosystem goods and services associated with artificial
wetlands are not limited to pollution attenuation only, but can supply refuge for biodiversity and
supply for example reeds and grasses for thatching and crafts. When developing a constructed
treatment wetland, consideration should be given to its role within the relevant catchment, as
well as within the broader ecosystem context of the region, such as location of the wetland in
relation to wildlife corridors and potential threats from the introduction of alien invasive species.
Constructed wetlands should also mimic natural features as far as possible.

The decision to proceed with the creation of artificial wetlands is dependent on a variety of
factors. Artificial wetlands can be considered should it be found that:

a) A specific non-point or point source of pollution upstream impact negatively on water
quality (for example an informal settlement inadequately serviced with sanitation)
artificial wetlands can be created to attenuate pollution levels

b) Interventions of a low/passive technological nature are feasible, artificial wetlands
can provide a “polishing” factor to effluents or run-off (from example coal storage
areas where problems are experienced with sediment loads to catchment)

c) Habitat suitable for wetland associated species are diminishing in the catchment and
artificial wetlands can supplement existing habitat

d) A constructed wetland is a cost-effective alternative when compared to other
alternatives that could potentially treat the same or similar problems

e) Monitoring and maintenance requirements

f) Size of land required

g) Quality and quantity of effluent to be treated

h) Nature of waste to be treated, e.g. biodegradability

i) Nature of available land, e.g. undisturbed and of high conservation value

j) Unauthorised access and access by undesirable animals

k) Potential linkages with existing systems to supplement or to improve issues of
connectivity

[) Socio-economic potential, e.g. harvesting of wetland products

m) Vector breeding, e.g. mosquitoes

n) Opportunities of the effluent to restore the hydrology of natural wetlands.

Given discouraging trends observed in the literature with respect to South African case studies
(in strong contrast with findings elsewhere) it is advisable that a pilot project be undertaken
before large-scale rollout of artificial wetlands.
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The nature of the wastes generated by Eskom and their supply chain has to be classified and
analysed in order to determine whether artificial/constructed wetlands are a feasible option with

reference to pollution attenuation.

The wastes typically generated by Eskom and its suppliers are:

Type of waste

Potential of constructed wetlands
to attenuate pollution related to
waste type

Boiler ash slurry

Run-off and leaching from storage
facilities: Yes

Brine

No

Hydro carbon contaminated soil and water

No

Coal fines slurry

Run-off and leaching from storage
facilities: Yes

Overburden and waste rock from mining operations
(Spoil)

Run-off and leaching from storage
facilities: Yes

Mine pit dewatering effluent

Yes, depending on PH levels or after
appropriate pre-treatment

Storm water contaminated by run-off from hard surfaces
typically containing a variety of substances such as:

— Hydro carbons
— Coal dust
Coarse fly ash
Sewage sludge

Run-off and leaching from storage
facilities: Yes

Nitrates leached into ground water from blasting Yes
operations
Laboratory waste No

Solid waste from households and offices

Run-off and leaching from storage
facilities: Yes

Sewage sludge

Run-off and leaching from storage
facilities: Yes

Treated sewage effluent

Yes

Acid water from waste rock (ARD) and mine workings
(AMD)

Run-off and leaching: Yes

A mixture of hazardous wastes such as batteries, paint, No
solvents and used oils, etc.
Asbestos No

Flue Gas Desulfurization (FGD) Wastes: Wet FGD
systems resulting in waste slurry of hydrated calcium
sulphate and sulphite, and unreacted lime, stabilized with

Run-off and leaching from storage
facilities: Yes
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Type of waste Potential of constructed wetlands
to attenuate pollution related to

waste type
fly ash and co-disposed with boiler ash slurry
Blow-down from boilers and recirculating cooling water Run-off and leaching from storage
systems and cooling tower sludge facilities: Yes
Poly Chlorinated Biphenyls (PCBs) from transformer oil No
Radio-active waste No
Methane releases from collieries No
Discarded coarse rock (high ash content) Run-off and leaching from storage

facilities: Yes

Coal Washery rejects and coal wash water Depending on PH and level of pre-
treatment: Run-off and leaching from
storage facilities: Yes

Demineralization regenerant products, e.g. Polycarboxylic | No
Acid.

Determination of the Risk Associated with Wastes

Determination of the risk associated with a particular waste, will aid in the determination of
appropriate management actions. The section below provides an overview of the methodology
to assess risk significance.

Significance is the product of probability and severity rating divided by the mitigation potential:

Significance = Probability x Severity

Mitigation

Probability and Severity will be determined based on the following:

Determining the Severity of an Impact

Determination of the severity of an impact is a function of intensity, duration and extent, divided
by the extent to which mitigation can successfully be applied:

Severity = intensity + duration + extent

Each of the 4 factors used to determine the severity of an impact, are described below:

e INTENSITY FACTOR

The level of intensity is the sum of volume, toxicity, social impact and ecological impacts.

Note that either Volume A or Volume B is used (refer to the description) but never both at the
same time.
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Low (1) Medium (3) High (5) Sub
Total
(Sum)
Volume (A) Less than 80 m°at | Between 80 and In excess of
(refers to any one time (or 300 m*at any one 300 m*at any one
Z:"jcsjpigtp“t low volumes time (or medium time (or high
substances/mat | re€lative to volumes relative to volumes relative
erial or industry/commercia | industry/commercial | to industry/
products) | standards) standards) commercial
standards)
Volume (B) Relatively small Medium Large
(refers to natural
resources)
Toxicity Toxicity is on par Toxicity can be Toxicity is on par
with everyday compared to those with
goods in wide- that have to be toxic/dangerous/
spread use and is | handled with some flammable
biodegradable. caution and are non- | substances that
biodegradable. are non-
biodegradable.
Social No or very limited Some impact on Major disruptive
impact immediate impact on
communities, but surrounding
cannot be communities
considered as
disruptive
Ecological Natural functions Environment Environment

not affected or
negligible.

affected but natural
functions and
processes continue
(Some damage or
wildlife injury may
occur). Impact is
reversible or
irreplaceable loss
will not occur

affected to the
extent that natural
functions are
altered to the
extent that it will
permanently or
over the long
term cease
(Major damage or
wildlife injury
could occur).

Irreplaceable loss
will occur.

Total
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e DURATION

Duration is assessed and a factor awarded in accordance with the following:

Duration of Impact

Duration factor

Short term The duration of the is impact is 1 Year or less Factor 1
Medium term The duration of the is impact is 1-5 Years Factor 3
Long term The duration of the is impact is 5 to 25 years Factor 4
Permanent The duration of the is impact is longer than 25 years | Factor 5
and can be considered as permanent
o EXTENT

Describes the physical extent the impact and factors are awarded according to the following:

Extent of the impact Extent factor
Site The impact only exists within the activity’s footprint Factor 1
Local The impact could impact on the whole or a | Factor3

considerable portion of the properties on which the

activity is undertaken as well as neighbouring

properties
Regional The impact could affect the area, neighbouring as well | Factor 5

as other areas further away than the immediate

neighbours

e PROBABILITY

Probability describes the likelihood of the impact actually occurring, and is rated as follows:

Possibility that impact will occur Rating
Improbable Low possibility of impact occurring due to design or 1
history
Probable Distinct possibility that impact will occur 2
Highly probable Most likely that impact will occur 3
Definite Impact will definitely occur 5
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e SIGNIFICANCE RATING

Following from the above, the Significance rating can now be determined as follows:
Significance = severity x probability

The significance rating thus determined should influence the proposed project as described

below:

Negligible (calculated Significance Rating < 25)

- Positive and negative impacts of negligible significance are unsubstantial and should have
little or no influence on the proposed development project.

Low (calculated Significance Rating 25 < 50)

- The impact is limited and should not have a material effect on the decision to continue.
Management intervention is required.

Moderate (calculated Significance Rating 50 < 90)

- Positive impact: Should weigh towards a decision to continue, should be enhanced in final
design.

- Negative impact: Should weigh towards a decision to terminate proposal, or mitigation
should be performed to reduce significance to a low significance rating.

High (calculated Significance Rating > 90)

— Positive impact: Continue

— Negative impact: If mitigation cannot be implemented effectively (into the moderate
category), proposal should be terminated.

Table 23 below provides an example of how the unmitigated significance ratings are calculated:

Table 23: Calculation of unmitigated ratings

Severity
Probability Severity
Intensity Duration Extent Rating
Probable 2 Low 4 | Short 1| Local 2 7 14 | Negligible
Term
Probable 2 Low 4 | Medium 3 | Regional 3 10 20 Low
Term
- : Medium
Definite 5 Medium 12 3| Local 2 19 85 | Moderate
Term
Definite 5 High 20 | Permanent 5 Site 1 26 _
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MITIGATION

Mitigation will be calculated as follows:

Description Factor Allocated
Mitigation is not possible or positive impact of mitigation is negligible. 1
Impact remains irreversible.
Mitigation is possible to some extent with moderate levels of positive 2
impact. Impact is largely reversible with only a small portion that remains as
irreversible.
Mitigation is possible with moderate to high levels of positive impact. Impact 3
is reversible.
Mitigation is possible to such an extent that all negative impacts are 4
reduced significantly or eliminated. Impact is completely reversible.

Significance = intensity + duration + extent

Mitigation potential

Natural Wetlands

Collectively, wetlands in a catchment can have a positive impact on water quality. The extent of
wetland surface area required to maintain or improve water quality in a catchment is dependent
on a large number of variables, such as:

a) The nature of the water quality problems experienced in the catchment
b) The hydro-geomorphic position of wetlands in the landscape
c) The relative position of wetlands with reference to any pollution sources in a catchment.

The RQOs set for a catchment can also provide further guidance as to the critical extent of
wetland surface area that will be required in especially a developing catchment. It is
acknowledged that at this stage, the matter of required wetland surface area vs. catchment
surface area with respect to the delivery of ecosystem goods and services are “blue sky” and
that each catchment being unique and dynamic, will require dedicated studies.

An observation of the levels of development in a catchment as well as the temporal and spatial
nature of water quality constituents is an important starting point. Should any of the
aforementioned criteria have a significant negative trend, a joint investigation with suitable
stakeholders should be undertaken to determine the optimal wetland surface area, wetland
types as well as levels of wetland health that will be required to sustain or improve water
resource quality in a catchment.

A useful method in this regard is to link wetland health and the provision of ecosystem services
to national land cover change data sets, which are readily available. Land cover is used as an
indicator of impacts on hydrological functioning and through consulting numerical metrics
predefined by Ellery et al; loss of wetland functionality can be deducted. Using coarse-
resolution land cover categories as a basis to assess impacts to wetlands is a very basic tool,
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however given the broad scale at which it will be applied, it will generally be sufficiently accurate
for the purpose of strategic assessments (Ellery et al., 2010).

3.18 CARBON STORAGE IN WETLANDS

]

With a global and national focus on climate change, the role of wetlands in carbon storage and
sequestration has received increasing attention. This sub-framework provides an overview of
important steps to promote and to protect the carbon sequestration abilities of wetlands during
the PLCM.

Wetlands in general, but particularly peat lands, store large quantities of carbon (see Figure 8,
page 39). Wetlands may, thus, contribute to the adaptation and mitigation strategies that
Eskom of South Africa may commit to in the future.

Useful Resources

Adhikari, S., Bajracharaya, R.M. & Sitaula, B.K. 2009. A Review of Carbon Dynamics and
Sequestration in Wetlands. Journal of Wetlands Ecology. Vol. 2, pp. 42-46.

Donovan, P. 2012. Measuring soil carbon change: A flexible, practical, local method. The soil
carbon coalition.

Environment and Natural Resources Committee. 2010. Inquiry into Soil Carbon Sequestration in
Victoria. Parliament of Victoria. Parliamentary Paper. No. 362 Session 2006-10.

JuFeng, Z., Kun, C., GenXing, P., SMITH, P. LianQing, L., XuHui, Z., JinWei, Z., XiaoJun, H.,
YanLing, D. 2011. Perspectives on studies on soil carbon stocks and the carbon sequestration
potential of China. Chinese Science Bulletin. Vol. 56, nr. 35: 3748-3758.

Kayranli, B., Scholz, M. Mustafa, A. & Hedmark, A. 2010. Carbon Storage and Fluxes within
Freshwater Wetlands: a Critical Review.2010.Carbon Storage and Fluxes within Freshwater
Wetlands: a Critical Review. Wetlands. Vol 30:111-124.

Mitra, S., Wassmann, R. & Vlek, P. 2005. An appraisal of global wetland area and its organic
carbon stock. Current Science. Vol. 88, No. 1.

Potter, C., Klooster, S., Hiatt, S., Fladeland, M., Genovese, V., & Gross, P. 2006. Methane
Emissions from Natural Wetlands in the United States: Satellite-Derived Estimation Based on
Ecosystem Carbon Cycling. Earth Interactions. Volume 10, no. 22.

Powell, K., Wynn, J., Rains, M., Stewart, M. 2008. Towards a soil-property-based index of
wetland “harm”. Unpublished presentation.

Sulaeman, Y., Budiman, M. & McBratney, A.B. 2010. Monitoring Spatio-Temporal Changes of
Soil Carbon in Java Using Legacy Soil Data. Proceedings of Inernational Workshop on
Evaluation and Sustainable Management of Soil Carbon Sequestration in Asian Countries.
Bogor, Indonesia.
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Victoria, R., Banwart, S., Black, H., Ingram, J., Joosten, H., Milne, E., & Noellemeyer, E. 2012.
The benefits of Soil Carbon: Managing soils for multiple economic, societal and environmental
benefits. UNEP yearbook.

Wylynko, D. 1999. Prairie wetlands and carbon sequestration Assessing sinks under the Kyoto
Protocol. International Institute for Sustainable Development.

Pre-feasibility

Determine whether there are existing data sets that relates to the wetlands on site, and acquire
those available. Relevant datasets include topographic data such as contours, water quality and
-level monitoring data, soil data, land-use history, and climate and rainfall data.

The need

In order to understand the functioning and dynamics of the wetlands on site, a good
understanding of baseline data is required. Wetlands are tremendously variable — in terms of
carbon stock wetlands are sensitive to large-scale factors such as climate variation, as well as
local scale factors such as water quality and hydro-period.

The process

The following sources can be consulted for information:

e The South African Weather Service or specific weather monitoring stations such as the
ARC-ISCW, for climate and rainfall data

e The Geological Society, for baseline geological maps (if not already in Eskom’s
possession). Eskom will probably be in possession of more detailed geological
information for the area.

e The Department of Water Affairs, for any data relating to water level monitoring such as
borehole data or water quality data

e The ARC-ISCW for data relating to the soil in the area

e The South African National Biodiversity Institute, for information on the vegetation in the
area

e The Surveyor General, for topographical data (if possible more detailed land surveyor
data is preferable)

e The Surveyor General, for aerial imagery, current and historical

e Universities that might have done research in the area, for any information regarding the
wetland on site

e Eskom, for any specialist reports that might already be available such as
geohydrological reports

Feasibility

A soil scientist or wetland specialist (or preferably a wetland pedologist) should be appointed to
determine the carbon stock of the wetland. The wetland delineation should be utilized to
demarcate the area for which carbon stock will be calculated. The results of this analysis should
be a separate report from the wetland delineation report as this data will be used in the future to
compare against the monitoring data. In this report, any impacts to the wetlands on site that
might affect carbon emissions must be clearly indicated and described.

165



The need

Carbon plays an integral part in the chemical and physical functioning of wetlands, which is an
important ecosystem in terms of carbon sequestration. Carbon is easily lost when a wetland is
degraded or impacted on. Very little information is available in South Africa regarding the
carbon stock in different types of wetlands under different land-uses. There is therefore a large
opportunity for Eskom to be on the forefront of research of carbon pools in wetlands in South
Africa.

Additionally, South Africa is a signatory to the United Nations Framework Convention on
Climate Change (UNFCCC) and the Kyoto Protocol, and is committed to sustainable
development. Eskom is currently responsible for almost half of South Africa’s carbon emissions,
and has a responsibility to investigate manners in which to alleviate the negative effects that
their practices are having. The use of wetlands to sequester carbon for the purpose of carbon
offsetting or trading is thus an attractive option, and it is recommended that this Management
Framework is used as a first stepping stone in the management of wetlands occurring in
Eskom’s catchments to promote soil organic carbon research with the possibility of utilizing this
as carbon offsetting and trading.

The carbon stock of the wetland must be determined. These results will be used:

¢ in conjunction with the impact inventory and results of the health, EIS and PES
assessments to assign a ranking value to the wetland.
e as a benchmark to compare carbon monitoring values to.

The process

A soil scientist, whom has had some experience in wetland work, will be best qualified to
determine the carbon pool of the wetlands on site. This report should also discuss wetland type
and the various impacts to the wetland — current and envisaged; and include a management
plan to ensure the optimum functioning of the wetland during Eskom’s activities. The report
must include water level data monitoring and pH measurements as well.

A ranking value will be assigned to each wetland depending on its ability to function like a
healthy wetland, wetland type, and size of the carbon pool. For example, a peatland will
immediately receive the highest ranking possible as this type of system is known to sequester
carbon very efficiently. A wetland driven by alluvial processes will receive a considerably lower
ranking. The EIS and PES scores will be used to further guide the ranking process. Existing
impacts to the system will further determine the ranking, as impacts such as drainage and tillage
have a massive effect on GHG emissions. These types of wetlands will be earmarked for
rehabilitation. Envisaged impacts to the wetland must also be taken into consideration. A
wetland that is going to be impacted severely by Eskom’s activities will attain a low ranking, but
will immediately be flagged for rehabilitation and mitigation measures.

Business Plan

Ensure that all documents related to the findings of the wetland delineation, Carbon pool report,
PES and EIS determinations have been made available to the business planning process, and
are accounted for in this process. If intensive rehabilitation is or wetland offset required, ensure
that funds are set aside from the beginning of the project for these activities.
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The need

The implications that the management of the wetlands on site might have on the financial and
business management sector of Eskom should be transparent and included into their business
strategy

The process

All the information regarding the wetlands on site should be compiled and made available to the
business planning process

Planning and Design

The ranking of the wetlands on site based on the previous sections must be used to guide the
management programme that each wetland requires. A long-term monitoring plan for the carbon
pool of the wetlands must be put into place.

The process

The carbon pool should be monitored twice a year, once per year in the rainy season and once
per year in the dry season. The exact same plots must be sampled. A centralized database
must be available where the monitoring data (raw as well as processed data) can be stored. It is
important that the wetland is earmarked with a specific goal in mind, as this will give value to the
monitoring data. For instance, if a wetland is earmarked from the beginning to be impacted
upon, this should be reflected in the carbon pool database, as this information will be used to
interpret the data gained. If a wetland is earmarked to be conserved effort should be made to
enhance the carbon sequestration potential of the wetland.

Construction

It is important that the monitoring plots in the wetland not be disturbed.

If the wetland is impacted upon by construction activities a detailed report of this should be
given and added into the monitoring database as this can influence the interpretation of the
data. Emergency protocol must be at hand to follow in cases such as these.

Commissioning and Hand-over

Ensure that the process of wetland management and monitoring is running smoothly, effectively
and streamlined during and following the hand-over phase.

Operation

The personnel on site must be trained to recognize negative impacts on the wetlands as a result
of catchment activities, so that they may report on any unwanted incidences or — impacts to the
wetlands; as well as be familiarized with emergency protocol. This does not only refer to
Eskom'’s activities, but also other potentially detrimental activities elsewhere in the catchment.
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Close out

Ensure that the process of wetland management and monitoring is running smoothly, effectively
and streamlined during and following the hand-over phase.

Evaluate

Following the project life cycle the monitoring data should be compiled into a scientifically
defendable report. As this type of long-term research into carbon pools is rare in South Africa,
the potential exist of contributing to wetland and soil science. The project should also be
evaluated for its efficiency and shortcomings in the project in order to better the strategies and
management during the next project.
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4 SELECTED CASE STUDIES TO TEST THE ROBUSTNESS OF THE
WETLAND MANAGEMENT FRAMEWORK

4.1 PILOT SITE SELECTION

Introduction

The Research Team recognized the need for a justifiable methodology in the selection of pilot
sites for the purposes of testing the Wetland Management Framework (WMF). For this reason a
cooperative and transparent approach involving relevant personnel from Eskom was followed.

Based on this recognition, two joint workshops were held. The first took place on 24 May 2013,
and the second on 26 July 2013. The main points of these meetings are provided below.

Meeting held on 24 May 2013

Overview of meeting

The meeting agreed that and the study done on Adaptive Management Frameworks by Kotze
(2004) is suitable for application by Eskom and that the WMF should be based on Eskom’s
Project Lifecycle Model (PLCM).

Consensus was reached to include one Eskom project from each Phase of the PLCM (if
possible and including different renewable projects). Eskom also indicated that Mpumalanga
needs to be prioritised in site selection as most of their Power Stations are situated in this
region.

The following Guiding Principles were agreed upon in terms of selection of pilot sites:

1. What is practical

2. What is achievable within the time frames

3. Where are the main challenges/gaps that are being experienced by the specific site and
how relevant are they to the WMF

What is cost effective

Travelling time and distance from Gauteng

Availability of assistance on site

Eskom must be the owner of the site.

No oA

Overview of proposed methodology

EON Consulting developed a site selection methodology including a scoring tool developed as
per Eskom PLCM phase (Pre-planning to Project Closure).

Eskom’s assets were divided into eight broad categories, namely

Coal-fired Power Stations

Nuclear Power Stations

Pumped storage

Hydroelectric Power Stations

Open cycle gas turbine Power Stations
Renewable Energy

Transmission and sub-stations

Mines

ONoOO~WNE
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The activities and associated environmental impacts of each category of asset were identified
with a view to prioritise those with the highest potential for wetland impacts.

Sites are then to be scored based on the following criteria:

Whether it is existing facilities

Whether it is existing facilities with plans for extensions

The nature of ecosystem services rendered by wetlands onsite

The nature of other ecosystem services of importance associated with the site, such as
biodiversity corridors

5. The dependence of communities on wetlands for their livelihoods

6. Availability of data and information related to the site and its wetlands

7. Uniqueness of site/surrounding area
8

9

PN E

Position in the landscape — physical
. Position in the landscape — societal
10. Supply lines
11. Extent of waste disposal — solid
12. Extent of waste disposal — liquid
13. Extent of waste disposal — airborne
14. Opportunities for wetland rehabilitation.

Agreement of the site selection committee

After much debate, Eskom advised a simpler process than the selection methodology proposed
by EON Consulting (The original proposed site selection methodology is included as Annexure
A to this document). The meeting concluded that a focus on a Systems and Phases Approach is
advisable:

1. Focus on a Systems Approach — this will be wetland focused and based on national
priorities.
2. Phases Approach where one project within each of Eskom PLCM phase will be selected.

The meeting then advised that the following projects should be focused on for final site
selection:

Kusile (execution phase) and Ingula (have good wetlands for comparison)

Medupi (execution phase)

Koeberg

Matla and Kriel — both still operational (cumulative impacts as are close to each other)
Majuba — due to the presence of hillslopes that feed into the wetlands on site.

ARl

Meeting held on 26 July 2013

Overview of meeting

After some deliberation, it was agreed that due to budget limitations only 3 sites would be
chosen.

The sites would need to cater for broad applications and studies. It was agreed that the sites
would fall under each one of the following sub-sections of the Eskom PLCM:

1. Construction
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2. Operational
3. Closure

In choosing the sites the team agreed to keep in mind:

1. The presence of on-site multiple wetlands

2. Eskom’s existing work in the area and the possibility of collaboration or duplication of
work

3. Prevalence of both natural and artificial sites

4. Gaining a broad spectrum of understanding/learning from individual sites.

The sites as indicated in Table 24 were consequently recommended as potential options and
Eskom will draw up a generation matrix and decide on the final site selection.

Table 24: Recommended site selection options

Construction | Kusile

e Numerous wetlands
e Class B river in immediate surroundings

Operational Matla

e Linked to a coal mine so all scenarios are likely to be catered for.
e Ash dam situated in flood line

Closure Kilbarchan — Newcastle (Ingagane power station)

e Going through closure
e SASS/Fish and toxicology study currently been performed
e Closure and rehabilitation report

Return to service plant — Grootvlei

It was agreed that Eskom will have an internal review of the suggested sites and confirm with
EON which of the sites have been selected for the pilot study. The EON research team will then
review information supplied and/or visits the suggested sites to confirm suitability of the
selection.

Agreement of the site selection committee

Eskom confirmed via e-mail that the three final sites are:

1. Operational phase: Matla and Kriel Coal Fired Power Stations
2. Construction phase: Kusile Coal Fired Power Station
3. Decommissioned and re-commissioned phase: Grootvlei Coal Fired Power Station.

Kilbarchan could not be selected because the land, as per Eskom feedback received, no longer
belongs to Eskom. Matla and Kriel were selected in favour of Arnot due to the recent challenges
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being experienced by Matla and Kriel. Matla and Kriel are also in close proximity to each other
and would present an opportunity in terms of cumulative impacts (both positive and negative).

The map below indicates the locations of the final four sites that were selected for the pilot
phase.

Figure 27: The location of the four sites selected for the pilot study.

Kusile, Kriel and Matla are situated in the Olifants River catchment, whilst Grootvlei is situated in
the Vaal River Catchment.
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Kusile Power Station

Kriel Power Station

Grootvlei Power Stat

Figure 28: The primary and quaternary catchments associated with the 4 power stations selected
for the pilot study

4.2 PILOT SITE SITUATION ANALYSIS

Introduction

Following on the selection of the four pilot sites as indicated above, the EON team arranged to
visit each of the sites. Visits took place on:

Matla: 4 September 2013
Kriel: 4 September 2013
Grootvlei: 5 September 2013
Kusile: 16 September 2013

PownhpE

Overview of the findings of the site visits

Table 25 below provides an overview of the main findings of the site visits with reference to the
legends contained and described below.

173



IZA"

SN304 ON  yAn~
AN

SN20y ON

snooy oN A\
AN

juswanoiduwi Joy

Wwoo1 INg ‘|jauuosiad Jo sSnooy urep

"a)Isuo
spuepem 8yl Jo Juswabeuew
ayl 01 10adsal yum Aureuasun
Buisnes are spuepem [|eloliUe
10 Juswabeuew pue uoneald ayl
sanss| Aoebs| [eionaS

‘sajelado sianddns

S pue woys3 aloym seale
3yl Ul SwalsAs [ea160]j023 puepam
ur Aujgeren eimeu  Jo  abuel
ayy Buiquosap pue Buikiuapr Aq
Buiuonouny pue ABojoda puepam
0] 99ualajal yum suonebisanul oN
189S uaaq

aney juswabeuew puepam 0}
parejas siabue) pue saandslgo oN
(sus uo spuejiem ayi Jo

auo ajeaulop 01 paiodde Buiaq
J0 ssaooud ul si 1sifenads puepam
' Jeyl Apuadal pawlojul usaq sey
wea) ydleasal ayl) pareaulap
usag 10U  BABY  SpPUBIdMA

pue -uo yjoq s1edwi aney pue 1oedul
1sabre] syl Buiney wep yse ayl yim
‘alnoniselul pareas Ag palsye usaq
sey jo-uni Jayem wiois Jo ABojoipAH
9IS Uo

PaOAISSO 8J8M SPUB[IOM [BIDlIe [eIaASS
‘Inydn wep abeiois

1M 8yl wody Bupeuews 1o sasned
[einfeu WOl BQ PNOD Ydiym ‘iarem
8y} Jo uiblio ay) Jo ainsun ale |suuosiad
‘peOJ BYl UO PBAIBSHO S|  SSaulaMm
pue daas adojs |1y © ybnoiyl suni peol v
wajqoud ay: pareald

deb aoueusurew ayl ‘ased ayl paspul j|
"aoe|d 1S11} 3Y} Ul pue|IaMm 3y} JO UolBWwIOo)
3yl 01 pangUIuUod 10 pajeald Mes|
Jayem ayl reyl ajqissod Si 1 "paAjosalun
anss| ayl ¥Ya| sey vMAa Aq suswaliinbal
0] se Aureusoun  pue  puejiam
B Ul uoifeAedxa ue Jo Bupjeuspun uesaw
pinom ea| ayl buixi4 ‘sieak ¢ 1sed ay)
101 Aep Jad 1arem Jo W G2 Ajerewixoidde
Buiseajas uaaq sey adid 1arem Bupes| v
‘'spue|iam yim aul| abeurelp

Bunsixa ue JaA0 paNS Sem aulwl ISeD
uado pjo siyl ‘sulweod ised uado pjo
ue Jo ud ayl ul parenus sl wep yse ayl

1uswaleuew puepam

(sreak gz) €861
ANt souis uonelado uj

MIN
009 ¢ :Auoeded pajelsul

1uswiyoare) Ssuell|o leddn

uoisnjouo)

H4A/M 2yl 0] 8JduU3li3ajay

01 JUBA3|3J SaNssI alls Jo uondiiosaqg

S1JeH |[elaua)

S1SIA 81Is ay) Jo sBulpuly jo Arewwns Gz ajgel




S.T

JuswaAoidwi Joy

wooJ Ing ‘|jsuuosiad Jo snooy urep

SNJ04 ON  yaAn~

SNJ0j ON

SNJ0jJ ON

wAN/
\V/
A
JuswaAoidwi 1oy

wool Ing ‘|jauuosiad Jo snooy urep

uoIsnjauo0)

aAey juswaebeuew puepam 01
parejas s1abirer pue saAnoalgo oN

payeauljap
usagq 10U  8ABY  SpuENSMA

"alsuo
spuepam 8yl Jo Juswabeuew
ayl o 10adsal yum Aureuasun
Buisned ase spuepam [eloyIIR
JO Juswabeuew pue uonesald ayl
sanss| Aoeba| [eianas

189S uaaq

aney juswabeuew puepam 0}
palejal s1abiel pue sanndalqo oN

pareaullsp
usag 10U  dABY  SPUBRIdMA

4INM 83Ul 01 8ouaiajey

wea) yoleasal
|yl 1sisse 01 Aep 8yl uo 9|qe|reAe
10U 8Jem  |auuosiad  [eluBWIUOIIAUT

SUSIA 1S 8y} Ul Salls
9S8yl apn|oul 0} Jueusay aiam |guuosiad
pue woys3 o1 bBuojeg 1ou op ‘[eod
yim woys3 Buifiddns sauiw ol ayl
amed may e

1o} Buizeib se seale puepam Buizinn aus
3y} 0] 9s0j2 panIasgo alam ajdoad @207
"9lIS|0 pue -uo yiog sloedwi aney

pue ainjonJselul parejal Aq palslje uaaq
sey Jo-uni Jarem wiols Jo ABojoipAH
91Is uo

PaAIaSCO aJaMm Spuelam [eIdlile [elanas
9IS uo [auuosiad

[eluswuoliAnue 8yl Jo  abpajwouy
ay1 Inoyum (yauan ayy oui Buiurelp Jarem
yum) puepam e ybnoiyl Bnp sem youan v

SUSIA 8IS B} Ul S8lIS
8say} apn|oul 0] JueNsay alam |guuosiad
pue woxs3 01 Buojpg lou saop ‘[e0d
yim woys3 bBuifiddns sauiw [eod ayl

ausyo

Juswalbeuew puepam

0] JUBA3|3J Sanssl a1ls Jo uondiiosag

00z T :Awoeded pajeisu

luswiyadle)d |eeA

92) 6/6T 92uIs uolrelado uj

000 € :Awoeded pajeisu

uswiyodred selllo

sjoe4 [elauss

MW

(sreak

MW

Jaddn




9.1

wool g ‘|jsuuosiad Jo sSnooy urep

SNJ04 ON  \An~
wnN

SN20y ON

snooy oN M\ A4
AN

uoIsnjauo0)

ABarens juawabeuely puepspn
paloajoud Bulaq aJe pue

palesullop U8ag 8ARY SpuBSAA

sanss| Aoebs| [eianaS
189S uaaq

HIAIM 3yl 01 82UslIa)ay

uoluido Jo sadualaplp Aq pazualoereyd
Sem 8liS U0 Spuejlam Jo 8Jussald

SHSIA 3)S 8y} Ul salls
9S8yl apn|oul 0} eNsay alam |guuosiad
pue woys3 01 bBuojeq 1ou op ‘[eod
yum woxs3 bBulA|ddns saulw [eod ayl

ainjonJselul pajejas Ag palale usaq

sey jgo-uni Jayem wliois Jo ABojoipAH
9IS uo

PaAI9SO 2JaM SPUBjIaM [eIDlIlIe [eIaNdS
SpueI9M YlIM paleIdosse

uoneljigeyas pue spedwl 01 S[elayal
jueoylubis  ou spew (y00Z ‘weys
weyuiN) dW3  buluoissiwwod-al  ayl
‘aourUSURW

pue juswafeuew 19sse U0 pPasNIO
Alurew asam suejd aunso|) ‘papinoid
8q p|nod ueld 8INSO|D [EJUSWUOIIAUS ON
‘'spuepam ybnoiyl uns suoeAeIXa ay)
pue ‘19JA10019 JO Salepunoq ayl apIsiNo
1snl palonnsuod Buisg si aull Aemjiel v
"Wwd1SAS ay1 ojul smojjul 01 Bunngruod
Arenualod sI pue  UBIXS  BWOS
01 ABojoipAy ayl pabueys sey swep ayl
JO 9ouasald ayl "walsAs puejiam wonoq
Aojlen e JO S8pIS Uiog U0 PpalonISsuod
uaag aney IBIAI00I9 e swep yse ayl

Juswalbeuew puepam

0] JUBA3|3J Sanssl a1ls Jo uondiiosag

saJre1day 0009
wswya1e) Ssjuel|o Jaddn

(sreak

Z€) 066T Ul pajequiow pue
696T 92uls uonelado uj

sjoe4 [elauss




LLT

‘passaippe
uaag 10U aAey 4N/ 3yl Jo sluauodwod

8yl |[e 1nqg ‘|| SSB|D ul paurejurew
a( 01 SI Janry abjIp 8yl Teyr uoniubooal

ul Ajle1oadss (alay SNJ0) BWOS AN
AN

SN20y ON

padojanap

ABarens uswabeuew puepap ,V“
AN

Juswanoidwi Joy

uoisn|au0)

Bumasyo pue s1oedwi
uonoNNsSuod  Jo  juswabeuew
uo snooj e Yyum pajidwod usaq sey

4N/ 8Y] 01 8dua.18)9y

s1oedwi pale|aJ-uonoanisuod uo pasnao)
Aurew si ABarens ayl "Abarens puepam
B yum uonels tamod 1siip 8yl SI ajIsny
‘padeys-Aaupy mou

SI 3IS 8y} Yeyl Jnsal ay} yum ‘sppiw ay}
ul ued |ews e sey ays [esodsip-09 ayl
"eale syl

10 9%/T noge dn ayew yolym ‘spuejiam
J1_yy yum Buiney are Asyy 1eys sannoyip
ayl abeuew wayy dipy 01 Abarens
juswabeuew puejjam e padojanap ajisny
|rews si yolym ‘quswiyoled

Arewsrenb awes ayl ur ag 01 aAey
s1asyo 8yl se suondo jo 10| B J0oU ale
818yl INQ ‘S1I9SHO YUM panssi aq 01 1sil
3yl JO Bu0o SI asuadl] asn Jarepn J1Ivyl
sAejop

0] pa| Sey Sasuadl] asn Jarepn Jo Buinss|
spuepam Buibewep si010eUO0D

Jo pauodal alom SsaJ3uULpIOUI  BWOS

1usWabreuew puepam
01 1UBA9|3J sanssi a1ls Jo uondiiosag

MIN 008 + :Audede)

sjoe4 [eJausn




Conclusion

With reference to the respective phases of the pilot sites, the following was found:

Table 26: Summary of findings of the site visits

Pilot Site and PLCM
phase

Site visit findings

Conclusion

Operational phase:
Matla and Kriel Coal
Fired Power Stations

Matla and Kriel are not adequately
prepared for the operational phase of the
WMF, because wetlands have not yet
been delineated. No other components of
the WMF have been addressed.

As a way forward it was agreed
that a detailed wetland
management plan (WMP), based
on the WMF will be developed for
the Matla Power Station (based on
the needs of the staff and their
eagerness to get involved). Both
Kriel and Grootvlei will benefit from
the WMP

Construction phase:
Kusile Coal Fired
Power Station

Kusile is prepared for wetland impacts
related to the construction phase, with a
focus on legal compliance. Although much
work has been done on the wetlands of
Kusile, there are aspects of the WMF that
have not yet been addressed.

Kusile will benefit from certain
components of the WMP that is
being developed for Matla

Decommissioned and
re-commissioned
phase: Grootvlei Coal
Fired Power Station

Grootvlei was not adequately prepared for
the closure phase nor prepared for the
operation phase of the WMF, because
wetlands have not yet been delineated.
No other components of the WMF have
been addressed.

Grootvlei will benefit from the WMP
that is being developed for Matla

Conclusion of the Pilot Studies

The main conclusion reached is that the Draft Wetland Management Framework is relative to
the status of Eskom’s wetland management, somewhat ambitious at this stage. However, the
WMF represents best practice and it is advised that a phased approach to the rollout of the
WMF be taken. The creation and management of artificial wetlands are a further matter
identified during the pilot studies and the WMF should be updated to provide guidelines in this

regard.

Based on the categories of focus as set out in the WMF, it is advised that implementation starts
with a focus on legal compliance, followed by livelihoods, ecosystem services and a catchment

perspective.

[ = = g 2
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The following phase of the pilot project consisted of the development of a detailed Wetland
Management Plan (WMP) for Matla Power Station. The plan is based on a workshop with
personnel from the Matla Power Station, held on 19 September 2013.

4.3 WETLAND MANAGEMENT PLAN FOR MATLA POWER STATION (PS)

Situation analysis of Matla PS

Matla Power Station and its associated land are situated in the Upper Olifants catchments and
straddle two quaternary catchments (B11E and B11D) (Figure 29).

Figure 29: An overview of the NFEPA wetlands associated with the Matla Power Station area
(SANBI, 2012)

Eskom provided the boundaries for the map illustrated by Figure 29 above. The map below was
obtained from SANBI's website (www.sanbi.org) (Figure 30A) in which the NFEPA wetlands
have been overlaid over an image of the power stations’ (left-hand side) infrastructure. The
figure also provides the same image of the Matla Power Station, but with the wetland layer
turned off, in order to be able to see the water bodies beneath the wetland layer (Figure 30B).
As can be seen from the image, some of the wetlands are artificial and associated with man-
made holding structures, or were in existence prior to the ash dams being built. The ash dam
was built across the path of the unchanneled valley bottom system.
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Figure 30: Images associated with Matla PS with reference to the National Wetland Inventory
(SANBI, 2013) (Figure 30A: Wetlands on the Matla Power Station property with the NFEPA overlay
and Figure 30B: Wetlands on the Matla Power Station property without the NFEPA overlay)

4.4 ANALYSIS OF WETLANDS ASSOCIATED WITH MATLA PS WITH REFERENCE
TO ITS CATCHMENT

This section of the document presents the results of an analysis of wetland types associated
with the Matla PS property and its associated 2 quaternary catchments. Table 27, Table 28 and
Table 29 provide an overview of the respective surface areas and the results.
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Table 27: Surface area associated with Matla property and the two associated quaternary

catchments
Catchment Size (km?) Total size (km?)
B11D 551 1017.7
B11E 466.7
Matla 39

Table 28: Surface area of wetlands in the total catchment

Total Catchment (B11D and B11E)

Wetland category Size (km”) Densityt
Natural 136 0.13
Artificial 13 95.75
Total 149 95.89

Natural Wetlands

Wetland type Size (km?) | % of catchment
Channelled Valley bottom 47.81 4.70
Depression 571 0.56
Flat 11.79 1.16
Floodplain wetland 45.26 4.45
Seep 22.41 2.20
Unchannelled valley bottom 2.08 0.20
Valleyhead seep 0.88 0.09

Artificial wetlands

Wetland type Size (km®) | % of catchment
Unchannelled valley-bottom wetland 0.91 0.001
Seep 4.22 0.004
Floodplain wetland 1.70 0.002
Flat 1.44 0.001
Channelled valley-bottom wetland 4.46 0.004

1 Density: Number of Wetlands per km® of a Quaternary Catchment
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Table 29: Surface area of wetlands within the Matla PS boundaries

Matla surface area 39

Wetland category Size (km?) Densityt
Natural 4.2 0.11
Artificial 0.5 0.12
Total 4.7 0.23

Natural wetlands

Wetland type Size (km?) | % of total catchment
Depression 1.54 27.0
Flat 0.47 4.0
Seep 0.40 1.8
Unchanneled valley bottom 0.39 18.6
Valley head 0.01 15

Artificial Wetlands

Wetland type Size (km?) | % of total catchment
Channelled valley-bottom wetland 0.07 6.9
Flat 0.15 5.3
Seep 0.23 0.0
Unchanneled valley-bottom wetland | 0.06 10.3

t Density: Number of Wetlands per km” of Matla PS’s surface area

Table 30 below provides an overview of the average wetland situation in South Africa (SANBI,
2012). It is useful to compare the figures with the situation in the catchments where Matla PS
operates. Based on a comparison between number of wetlands per quaternary catchment and

density, it appears as if wetlands in B11 E and D tend to be smaller in size.

Table 30: Overview of the average wetland situation in South Africa

Total Surface Area of Wetlands in S.A (km?) 196 545.76
Percentage Coverage of Wetlands Area in
S.A 15.30
Density: Number of Wetlands per km? of a
Quaternary Catchment 0.10
125 (for two
Average number of wetlands per Quaternary 62.7 | catchments)
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The graph below illustrates the relative contribution from the different wetland types (natural)
contained within the boundaries of Matla PS to the two quaternary catchments. It is important to
acknowledge that these figures would change significantly if Matla PS were positioned in one
catchment only. The finding of this analysis then underlies the importance of the Matla PS
wetlands as containing a significant portion of depression and unchanneled valley bottom
wetlands from a representivity point of view.

Note that the X-axis refers to two units of measure, namely percentage and surface area in km?.

The analysis of the wetland types as illustrated by the tables (29, 30 and 31) above is that the
distribution of the different wetland types is dependent on the geomorphology of quaternaries.
For instance, depression wetlands are only found in areas with very low gradient (normally less
than 1%) so tend to occur on watershed areas, and comprise 27% of the wetland, by area, of
the wetlands occurring on the Matla property as opposed to 0.56% of the wetland types in the
two quaternaries. In the same way, unchannelled valley-bottom wetlands occur more frequently
in the upper reaches of a watercourse, with 18.6% of the wetland area on the Matla property, as
opposed to 0.2% of the wetland area in the two quaternaries. This makes the management of
these wetland types on the Matla property all the more important, as they represent a
substantial part of the land surface suitable for the formation of these wetland types. The
absence of channelled valley bottom wetlands and floodplain wetlands from the Matla site
indicates that these occur lower down in the catchment where the watercourses are generally
larger and likely to carry higher flows during flood events. This spatial separation of wetland
types based on the geomorphology, which tend to be related to position of the site in the
catchment, should be noted in the delineation of wetlands on site and related to the wetlands in
the surrounding area in order to develop a plan for conserving the diversity of wetland types.

Table 31 below indicates measures to be taken to protect these wetlands. Definition of the
wetland types is provided by SANBI (2012). In addition, note should be taken of the level of
threat to which each wetland type is exposed when planning conservation measures. Figure 31
illustrates this level (from Nel and Driver, 2011). In all cases, wetlands on Eskom property
should not be seen in isolation, but should be reviewed and managed together with those
upstream and downstream as part of the whole ecosystem. This is particularly important when
the wetlands are continuous with those on neighbouring properties.
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Table 31: Measures that are to be taken to protect the Matla wetlands

Wetland type Measures to conserve/protect the specific type

Depression — The catchment area of depression wetlands is normally local and, as far as
possible, this should not be disturbed by developments that will change the
hydrologyt. In some cases, the catchment may extend beyond the
immediate vicinity and this should be taken into account.

— Sediment-generating activities should be avoided as far as possible, but
where these cannot be avoided, sediment generation should be controlled.

— Buffer zones should be respected.

— Where depression wetlands are important to the biodiversity of the general
area, such as loafing areas for waterfowl, disturbance around the wetland
should, as far as possible, be minimised.

Flat — Ensure that channels do not form in the wetland. Possible causes of
channels may be cattle paths or vehicle tracks. This is particularly important
near their edges as the formation of such a channel could drain the wetland,
causing the erosion of the wetland.

— Maintain the hydrological regime. £

— Avoid cultivation of flats.

Seep — Hillslope seeps provide better grazing than surrounding areas and care
should be taken to avoid the development of paths which may lead to
erosion.

— Care should be taken not to interrupt the passage of the interflow which
feeds the seep.

— Care of the upslope areas will ensure that the seep continues to deliver
ecosystem service benefits.

— Diffuse flow of water through the wetland should be maintained. £

Unchannelled — Care should be taken not to disrupt the hydrology. In particular, roads or

valley bottom paths constructed across unchannelled valley bottoms should be designed to
maintain the diffuse flow of water through the wetland and avoid channelling
of the flow. ¥

— Any interventions in unchannelled valley bottom wetlands should be
designed to allow for the passage of migrating fauna.

Valley head — Diffuse flow of water through the wetland should be maintained.
— Avoid disturbance of the surface both within and upslope of the wetland

— Care should be taken not to interrupt the passage of the interflow which
feeds the seep.

¥ Some examples of interventions which may change the hydrology. Culverts under a road
concentrate the flow and may cause channels to develop with associated erosion problems.
Cattle paths or vehicle tracks can channel water which may give rise to erosion. Cultivation
destabilises the wetland and alters the hydrological characteristics.
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Figure 31: Level of threat to which various wetlands are exposed in South Africa (Nel and Driver,
2011). CR =critically endangered; EN = endangered; VU = vulnerable; LT = least threatened.

4.5 WETLAND ECOSYSTEM SERVICES

For the purposes of the catchment perspective, it is important to note that the wetlands
identified above provide specific ecosystem services and that the protection of these services
should be incorporated in to the WMP for Matla PS.

Brief background that will lay the basis of integrated wetland management from a
catchment perspective

Wetlands are an important part of the aquatic ecological infrastructure which, in turn, is part of
the landscape which delivers the basket of ecosystem services to the socio-economy. For the
purpose of the benefits derived by the socio-economy they should be viewed and managed as
an integrated whole, not be viewed ‘piecemeal’ from other wetlands (or ecosystems) in the
catchment, but should be seen as a whole system delivering a complete set of services. Three
of the four power stations selected for case studies are situated in the Olifants catchment. The
following paragraph is extracted from the Kusile Wetland Management Strategy (Harris et al.,
2013), who also undertook the economic component of the DWA study for the Water Resource
Classification of the Olifants Water Management Area.

Wetland habitat in the Wilge Catchment (a tributary of the Olifants River) is important because it
is a component of the ecological infrastructure comprising the aquatic ecosystem of the Olifants
River Catchment. DWA (2012) estimated that the value of aquatic ecosystem services (within
which wetland ecological infrastructure plays an important role) was approximately R3 billion per
year. Moreover, more than 55% of the GDP contributing sectors in the Olifants River
Catchment are directly dependent on water use licenses. The economy and people of the
Olifants River Catchment are thus highly dependent upon the water resources of the catchment.
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4.6 STATUS OF WETLAND MANAGEMENT AT MATLA PS

The following section provides an overview of the current status of wetland management at
Matla PS. The information is based on findings of the site visit as well as discussions and a
workshop with relevant personnel of the PS.

The research team compiled a checklist of critical points in order to evaluate the status quo. The
checklist and the findings of the application of the checklist are provided below in Table 32.

Table 32: Findings of the Matla PS site visit with reference to critical elements of the WMF

Focus Criteria Status
area

General | A Wetland management strategy/plan is in place

Wetlands have been delineated; buffer zones assigned and demarcated as no-
|L_;_[|| go zones.

Relevant legal requirements are adhered to (e.g. water use license conditions)

\\ ﬁ Wetland health has been assessed and an understanding is in place with
/\\ regards to ecosystem services. Measures are taken to protect/restore wetland
2 health.

Measures have been put in place to safeguard wetlands to protect Eskom’s
water resources

Wetlands are monitored based on a predefined set of risk indicators

W An analysis has been done to understand livelihood dependency

Wetlands from a catchment perspective have been analyzed in order to
understand the relative importance of wetland on site. Active measures are put in
place to promote wetland conservation in the catchment

33

Based on the aforementioned it became evident that a wetland management plan, based on the
WMF, for Matla would need to be developed. The environmental staff at Matla have limited
expertise related to wetlands and have expressed a need for such a document.
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The suggested vision for Matla PS is related to Figure 32 below, viewing wetlands as a
continuum of ecosystem services, with Eskom on the receiving end as well as fulfilling its
obligations to downstream users to continue receiving ecosystem services from wetlands.

Essentially, the WMP should address the following fundamental questions:

Where are the wetlands on Matla’s property and what is their health status? How do Matla’s
activities impact on the flow of ecosystem services?

Is Matla compliant with all wetland related legislation?

What is the broad picture with reference to wetlands in the catchment within which Matla
operates? How does the status of these wetlands impact on ecosystem services received by
Matla? And how do Matla’s activities impact on the status of wetlands in the catchment?

How might the situation change and values be lost (what threats apply)?

What are the priority areas for intervention?

What is the plan of action to manage, restore, improve and/or sustain wetlands?

Who are the role-players that should be involved and how will progress be measured?

Based on the aforementioned starting point, the WMP for Matla PS is unpacked in the sections
below and indicated relevant actions that must be taken by Matla PS’s personnel.

Figure 32: A conceptual overview of the approach to the WMP for Matla PS
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Based on Figure 32, a process flow for the compilation of a WMP for Matla PS is provided
below.

The process has to start off with wetland identification and delineation in order to compile a
wetland inventory. Based on the proposed implementation sequence (as indicated below),
actions has been set based on a phased approach.

[ == % = frq— o

*RWQO = Resource Water Quality Objectives

Figure 33: Step by step development of generic wetland management plan for Matla PS (Starting
at the bottom and being influenced by the WMF from the top)
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4.7 PILOT PHASE: CONCLUSION AND RECOMMENDATIONS

The pilot phase of the project found that the selected sites for implementation of the WMF are
not ready to adopt the plan in full, due to the absence of basic information, such as the
delineation and demarcation of wetlands in site.

Eskom personnel are positive in their support for the WMF. During our communication with the
various personnel on site, the main problems conveyed to the research team are:

1. Uncertainty with respect to the distinctions between natural and artificial wetlands and
the management of these

2. Legislative uncertainty and the best way to solve operational problems associated with
wetlands are hampering progress

With respect to the WMF, it was found that the framework is mostly comprehensive but that a
few matters are to be included or strengthened in the WMF:

Addressing of legacy issues

Management of artificial wetlands

Closure management

Ease of implementation (for which purpose the WMP developed for Matla PS will be of
assistance)

An overview of best practice tools to ensure effective wetland management.
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5 THE CATCHMENT PERSPECTIVE

As described in Chapter 1, Eskom has a national footprint. Figure 2 shows the distribution of
Eskom'’s infrastructure. The coal-fired power stations are concentrated on the Mpumalanga
Highveld, and area rich in wetlands. Eskom also has approximately 30 000 km of power line
servitudes covering the country. In addition to Eskom’s own infrastructure, there is also other
infrastructure which contributes to or supports the generation of power by the coal-fired power
stations such as coalmines, some of which belong to Eskom, and interbasin transfers to provide
the power stations with the water that they require.

Figure 3 shows the volumes of water moved between water management areas by interbasin
transfers (IBT) in the Northeastern part of South Africa. These IBTs are managed by the
Department of Water and Sanitation. Eskom is one of the beneficiaries of these IBTs, being a
principle beneficiary in the areas which supply the coal-fired power stations.

The Department of Water and Sanitation are currently developing the water resource
classification system (WRCS) for both the Olifants and the Upper Vaal WMAs. The role of the
WRCS within the IWRM environment ‘is to facilitate finding a balance between resource
protection and resource development and utilisation. A complex institutional environment
surrounds this process, both in terms of the systems and procedures of Integrated Water
Resource Management (IWRM), and the division of roles and responsibilities between DWS
and the Catchment Management Agencies (CMAS)'. This process will evaluate the trade-offs
between the economic, social and ecological requirements for water in the river basin and will
lead to the development of the allocation schedule, including the management class, the
reserve, the resource quality objectives and the catchment management strategy. The WRCS
forms part of the compulsory licensing process and the management class has significant
implications for the allocation schedule.

Within the WRCS process and in addition to straddling more than a single WMA, Eskom’s
interests are both WMA-wide in catchments where there are a number of power stations and
related activities such as coal mining as well as a local interest where the footprints of the
individual power stations and other related activities are concerned. The sustainable
environmental planning framework developed below takes these scales into account.

51 THE FRAMEWORK

The use of the frameworks

Two frameworks have been used to provide a basis for the development and testing of a
sustainable environmental framework within the catchments where Eskom operates. The
overarching framework employed is that developed by Anderies et al. (2004) which provides a
structured process for assessing the robustness of the social-ecological system (SES) under
consideration (Figure 34). The framework needs to address the robustness of the socio-
ecological system. It also needs to be scale independent so that it may be used at scales
varying between the local, on site, through the catchment and WMA scales to the scale of
multiple WMAs. The framework developed by Anderies et al. (2004) meets these conditions. A
description of the components of the framework is provided as well as a series of questions
which will guide the user in using the framework.
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In this case, the Resource (Box A, Figure 34) is bounded in terms of the ecosystem services it
delivers from which the SES derives benefit as defined by the Millennium ecosystem
Assessment (Figure 34).

Resource
1 Users

Public
Infrastructure
Providers

A
7 Resource

D
Public 3
Infrastructure

| 7

Figure 34: A Framework illustrating a social-ecological system as conceptualised by Anderies et
al. (2004)

Description of the components for the Anderies et al. (2004) framework

(Taken from Hay et al., 2012): For ease of reference, this framework will be referred to as the
Anderies Framework.

The arrows indicating the relationships between the entities of the framework are bi-directional,
which takes account of the feedback from the interactions between the components of the
framework.

Figure 34 explains the components involved in social ecological systems and in Table 35 the
links between the entities.
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Table 34: The entities involved in social ecological systems (from Anderies et al., 2004)

Entities

Examples

Potential problems

A. Resource

Water source

Fishery

Uncertainty

Complexity/Uncertainty

B. Resource users

Farmers using irrigation

Fishers harvesting form inshore
fishery

Stealing water, getting a free
ride on maintenance

Overharvesting

C. Public infrastructure
providers

Executive and council of local
users association

Government bureau

Internal conflict or indecision
about which policies to adopt

Information loss

D. Public infrastructure

(Physical)

Engineering works

Wear-out over time

D. Public infrastructure (Social —
institutional rules)

Laws, conventions, etc.

Memory loss over time,
deliberate cheating

External environment

Weather, economy, political
system

Sudden changes as well as
slow changes that are not
noticed.

Table 35: The links between the entities of a social-ecological system (from Anderies et al., 2004)

Link

Examples

Potential Problems

(1) Between resource and
resource users

Availability of water at time of
need/availability of fish

fish

Too much or too little water/too many
uneconomic fish — too many valued

(2) Between users and
public infrastructure
providers

Voting for providers

Contributing resources
Recommending policies

Monitoring performance of
providers

Indeterminacy/lack of participation
Free riding
Rent seeking

Lack of information/free riding

(3) Between public
infrastructure providers
and public infrastructure

Building initial structure

Regular maintenance

Overcapitalization or
undercapitalization

Shirking disrupting temporal and
spatial patterns of resource use

Monitoring and enforcing rules .
g g Cost/corruption

(4) Between public Ineffective

infrastructure and

Impact of infrastructure on the
resource level
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Link

Examples

Potential Problems

resource

(5) Between public
infrastructure and
resource dynamics

Impact of infrastructure on the
feedback structure of the
resource — harvest dynamics

Ineffective, unintended
consequences

(6) Between resource
users and public
infrastructure

Coproduction of infrastructure
itself, maintenance of works,
monitoring and sanctioning

No incentives/free riding

forces on
and

(7) External
resource
infrastructure

Severe weather,
landslide, new roads

earthquake,

Forces a change of state in the
resource and destroys infrastructure

(8) External forces on

social actors

Major changes in political
system, migration, commodity
prices, and regulation

Conflict, uncertainty,
greatly increased demand

migration,

Questions to the components informing the Anderies framework
(Modified from Hay et al., 2012).

The guestions are designed to help users of the framework to include the full complexity of the
socio-ecological system (SES) in their assessment of the system with which they are working.
All questions will not necessarily apply in every instance, but they are designed to provide

insight into the dynamics of the system under consideration.

The resource (A)

¢ What are the ecosystem services of relevance to the SES?

e What are the asset basel/ecological infrastructure that are providing these ecosystem

services?

e What does it comprise? (What are its key biophysical features?)

e How big is it?

e How does it connect to other resources?
e What are its history and its significance to people living at or around it?
¢ Are there any obvious trends (focus on the resource)
e What is the status of the resource in terms of ecological integrity?

The users (B)

e Who makes use of the aquatic ecosystem services?

e Where are they from?
e What is the state (or states) of well-being of people using these services, how does the

particular use affect the state, and are there any obvious trends?

The public infrastructure providers (C)

e Who is responsible for governing the system?
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e What government departments, systems of traditional leadership and other agencies are
involved?

e Who makes the rules or laws that dictate how people use the resource under consideration?

e Who supplies the infrastructure, services and equipment that allow the use of the resource
under consideration?

The public infrastructure (D)

¢ What are the rules, conventions and norms that govern use?

¢ Are there formal rights of access that govern use?

e What infrastructure and services are in place to support use of the resource under
consideration?

¢ The relationship between the users and the resource (Arrow 1)

e Who is using the resource?

e What is being used and what is it being used for? (What ecosystem services are being
supplied by the system?)

e How important are the uses? (What is the contribution of various ecosystem services to the
well-being of people in and beyond the system and at what scale?)

e How are the various uses changing over time and what is causing these changes?

e How are the various uses organised and allocated to people? (What property rights regime is
in place for each ecosystem service?)

e How does one use of the system affect another use or other uses of the system? (Are there
conflicting or contradictory property rights regimes in place?)

e How are the uses of the system affecting its health? (What is the impact of use on the
ecosystem?)

¢ Are there potential uses that have been thought of that would benefit people but are not being
used?

e How would these potential uses benefit people?

e What is the trajectory of change? (rapid, slow, gradual, erratic, large spatial scale, small
spatial scale)

The relationship between users and public infrastructure providers (Arrow 2)

e How are rules of use made?

e How is infrastructure and service delivery planned and implemented?

e How are decisions recorded and circulated?

¢ Do the users play a role in making decisions? If so, how does this happen?
e Does the system work?

e What are the problems that are encountered?

e How might these problems be solved?

The relationship between public infrastructure providers and public infrastructure (Arrow
3)

e How do the governors make the rules?

e How do the service providers plan the infrastructure and service delivery?

e Are rules monitored and regulated? If so, how?

e How does maintenance of infrastructure and services take place?
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The relationship between public infrastructure and the resource (Arrow 4)

e What impact are the rules having on resource levels/condition?
¢ What impact are the physical infrastructure and services having on resource levels/condition?

The relationship between public infrastructure, and the resource and the users (Arrow 5
and 6)

¢ Do the users think that the rules of use are fair?

¢ Do the users think that the infrastructure and services are adequate?

¢ Are the users involved in making the rules, and managing and governing the system?
¢ Are the users involved in developing and maintaining infrastructure and services?

The impact of external driving forces on any component or any relationship within the
system (Arrows 7 and 8)

e What are external forces impacting on the system?
e How are they impacting on the system?
e How are they affecting people’s well-being?

The Millennium Ecosystem Assessment Framework

The Millennium Ecosystem Assessment (2005) provides insight into how ecosystem services
contribute to human well-being (Figure 35). In this case study the Resource is defined in terms
of the ecosystem services it delivers. This definition integrates the ecosystem services from
which the SES derives benefits with the health of the ecological infrastructure which provides
these benefits. While this approach is still being developed, the concept is helpful because it
relates easily to the way in which people interpret their use of resources. The relationship
between ecosystem services and human wellbeing is illustrated in Figure 35.

The framework illustrated in Figure 35 is useful in that it attempts to explicitly link ecosystem
services to the various constituents of well-being. However, the starting point in this framework
is the ecosystem service supply, not the well-being of the resource users. To quote Fish (2011)
“Advocates of the ecosystem services framework need to develop a more elaborate
understanding of how a rich and variegated term such as ‘well-being’ maps back onto the
services that nature provides.” There is a need to appreciate the demand for the ecosystem
services and understand how the demand will influence the development of the resource.
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Figure 35: The relationship between ecosystem services and well-being as conceptualised in the
Millennium Ecosystem Assessment (from MA, 2005:vi)

A description of ecosystem services is given in Section 3.9 above.
— Eskom’s input into the Frameworks

This section provides information on how Eskom’s activities will impact each of the four
components of the Anderies Framework. When populating the framework, this information
needs to be considered in conjunction with the answers to the questions (Section 29.2 above)
which will provide input on the activities of other users in the catchment in addition to Eskom.
Eskom’s interaction with the resource component (Figure 37, Box A) is addressed in Table 36-
Table 40 below. Eskom’s position as a resource user (Figure 37, Box B) is addressed in Table
41. Eskom’s relationship with the public infrastructure providers (Figure 37, Box C) is
addressed in Table 42 and the interactions with the public infrastructure (Figure 37, Box D) is
addressed in Table 43.

Below each of Table 36-Table 43 is a brief explanation of the activities identified in the table.
This explanation provides direction for each of the activities together with references where
these are relevant and helpful.

The components of the socio-ecological system have been colour coded for ease of use in the
tables below
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Figure 36: The colour coded elements of the SES for ease of reference

52 THE RESOURCE — DEFINING ESKOM'S INTERFACE

206



L0¢

ayr pue Auenb lJayem 01 awnguuod Asyr op moy
pue spuepam 8sayl Jo snieis [edlfojods 8yl S| JeUp e alnynJseul
Juawyores [ea160j028
Aljeuonouny wasAs anoidwi 0] saniadoid 39Ul Ul S82JN0Sal  J9leM  dANISUdS 10 juenoduwl A8y pue spuepam
woXs3 uo spuepam Joj suejd juswabeuew dojpnag e JBYI0 10 SsIBAlSpuelam V434N Aue alayl aly e vd34N D
‘pallajsuen
Sl Jajem UdIyM Wolj Sjuswyored Jaylo uo puewap
Jarem ayl Buionpal Agasayl ‘suonelado s,woys3
ur pasn Jarem juswsajddns 01 pasn aqg Ajeapi pjnoys
Jlaytem pajeanr ayl ‘“ABojouydsl juswieal) larem
aimnisul Jo/pue Bunuedsp juasaid 01 palnIsul aq
pinoys sainseaw ‘gAY Buisesjal sI pue pasojd sey
ureyd Ajddns woxs3 ayl ul saulw B aI1d8yMm Sased U] o
"JUSWIUOJIAUS 3y} OJul paseajal aq
10U pjnoys AWy ‘seate Buluiw [eod ul uoneloualap Alenb 19w ale (parebinwoid uaym soOY pue)
Ja1em Jo asned peaidsapim e sI (QNY) abeurelp auiw ploy e SOOMY auyl eyl ainsua 01 (VNM ‘dIND) Sainmonns
92UdJI| SN Jajem J1ay} JO SUOIPUOD pue suoiesloyine VA 3yl ybnouys siapjoyaxers weansdn ayy YIMm YION e
[eluswuodAue vyl yum  Adwod (eod yum suonels alendolidde se 1088 suonelado
Jamod Buifiddns sauiw) ureyo Addns ayp 1eyr ainsug e uanIb si Aaijod juswalbeuew Jotem S,WOXST 1Byl 2INSUT o Buiuin 'q
BUNER) pUR BIO|} SAISBAUI JO
uodwi ay 1surebe uonoaloid arenbape si aiayl ainsug e
paloaj0.d aJe ‘rejnoiued ul
asn Jayem aonpal 0] sainseaw juswabeuew spuepem ‘sjuswydred Jouop ayl jo Amuenb pue Aujenb slajsuel ]
puewsp Jdlem pue uoleAIdSUOd  Jarem uswsdw]| e Jarem ay) 1ey) ainsua YA 9Ul JO saniAnoe ay) ybnoayl e uiseg-iaiu| v
salnligisuodsal als-uQ sanljigisuodsal 891}j0 peaH woxsy anss|
wealsdn

uonisod [eaiydeibosas

uolels Jamod ayl Jo wealisdn 821n0sal JaleM ay) Jo Juswabeuew a|qeureisns Buiuue|d Jo} sanijigisuodsal woysy :9¢ a|gel




SI 90JN0Sal Ja)em 8y eyl ainsua 0] JUeA3jal SB SIaylo pue YAd
Ag papinoid saimonis syl ybnoiyr Jay1abol iom 01 ‘slepuepy Js1ep
03D NN 8yl JOo Sswia) ul ‘siapjoyaxyels weansdn aosuanpul 0] %93

"suonoeIaluUl 8say] 0] aouepinb anlb
pinoys Adljod 8yl -JUSWUOIIAUS 38Ul YIM 10 ISIUI SBNIANOR S,WO0XST
alaym sease Jo Jaqunu e sisi| Aolod juswabeuew Jarem s, wods3

sanljiqisuodsal 92140 pesaH Wwos3
suolnelado BuluiN g

'Sd
ay1 Ag pasn Jayem Jo aWN|OA 8yl 3dnpal 01 1apio ul pajuswajduwl aq
pINOYs sainseaw juswabeuew puewap JaTem pue UoIeAIaSUOD I81ep\

sanljigisuodsal 81s-uQ

80¢

*19JSueJ) UIseq-1alul ay) Jo sueaw Ag eunej
pue elOj} 3|gelisapun Jo Jajsuel) ay) asiwiuiw o] 3|qissod si reym oq

‘'sjuswdojanap
aimnj JOo 8%e) B8yl Ul wWayl Jo palinbal sa2IAI8S  WBISAS029
ayr apinoid Ajgeureisns Aew Aayr eyl os peoroajoid Arenbape
ale ‘rejnoiued ul spuepam ‘ainioniiseljul [ea160j028 ayl 1eyl ains ayew
‘reinoied U] painsse siI (Anuenb pue Alenb ylog) a2inosal Jarem
3Y1 eyl ainsua 0] SluUsWIYdIed Jouop ayl Jo SOHM 3yl ol Indul ayen

sanljiqisuodsal 821}JO pesH WoXs3

slajsuel) uiseqg-ia1u| vy

wealsdn

uonisod eoiydeibosn

spuepam bulinoqybiau yum Bunjui
SIoplUI0o ANSISAIpOIG pue Jatem pue AlNuUuod Uulelulely e

'S92IN0Sal Ja1eM aANIsuas pue uenodwi Ajjesibarens
Bunybiybiy siake| sio Jayio pue suejd uolBAIBSUOD
Ays1onipolg  yim

Anunuoo

saAnoe  ublle pue e Yoo e Yengey ureurely @

pue uonosloid puepam  Yum
£lUsWIyoIed 3Y) Ul S82IAISS [22160j028 1ay10 Jo uoisiroid

“uoejigeya)

I1sisse  ‘palinbas |

sanljigisuodsal a1s-uQ

sanl|igisuodsal 8211JO peaH woxs3 anss|

wealsdn

uonisod eaiydeiboas




‘6002 “'[e 19 9210
"TTOZ “'[e 19 JaAug

S931N0Say

"S10P11I02 AJISISAIPOIQ pue S3aU0Z
Jayng ybnolyl saull abeurelp Jeaul ayl Ul Jelgey Jo AINURUOod urejureiy

sallljIgisuodsal 911s-uQ

‘paurejurew ase susaned pue ssa20id Wa1SASOIa 2INSUS 0] S32IN0Sa
Jarem Bupjull sIoplIod Jarem pue [ea160j02a Jo uondalold ayl ainsug

solll|igisuodsal 921}J0 [euolleN
Aununuoo reyqey urelure ‘g

‘uonels Jamod ayy 1o} ueid
juswiabeuew Jejnanied ayl ul pajou aq pinoys asayl ‘Auadosd woys3
uo In220 ssad%04d Wd3I4N 8yl ybnoiyl paunusapl spuepsm alaymn

sanljigisuodsal a1ls-uQ

‘ale1s Ayieay e ul ainjonJiseul
[ea160j098 Hulurelurew 1oy paisISse aJe sisumopue| yoiym ybnoayl
S92IAIBS WB1SAS029 Jo JuswAed 8y o} Sisumopue| yum suswabuele
Olul Jo1us 0] woXs3 1o} Alunuoddo ue SI alayl paumo Juawuianob
S| pue| |[e 10U SY SJUBWydled JOUOp Ul Spuelam JO uonelljiqeysas pue
UoNeAIaSUO0I 3yl Yyum 1sisse ‘Alessadau alaypn ABojolpAy pue Alenb
Jayem 0} JuUaWydIed 1ouop 8yl Ul SPUR|IOM JO UOIINQLIIUOD 8y} aulwliaag

60¢

‘pardalold Ajgrenbape pue palnuapl ale spueam V434N eyl
‘WYMA Ag papinoid sainionas Japjoyaxels ayr ybnoayy Buniom ‘ainsul

sanljigisuodsal 821)JO pesH WoXs]

aimjonJiselul (2160|028 A3y pue spueiem Yd34N D

uswiabeuew ainso|2-1sod pue uoneljigeyal 1o} uoisinoid
[eloueul) a1enbape sI alayl ‘ainsojd uodn ‘yeyy pue oyl su Bulnp asual|
asn JayeM pue suoiesuoyne [euswuoliAnug S Agq sapige aulw a8yl
eyl sianddns syl yum 19enU0D Jisyl ybnolyl ainsus pinoys woxs3

‘parebnsanul aq pjnoys uoneis jamod
10 aulw 202 ayYl Uo Jaylld NV paleall Jo asn-al g|qissod ayl ANV
10 1uswileal aAIssed pue aAnde paulquod uawajdwi pue arebnsanul
pinoys woxs3 ‘(QINV Yean 01 salbojouyos) ase alayl) JUSWUOIIAUD
3yl ol QWY Jo aseajal ayl wusAaid 01 uayel agq pjnoys sdals
9AI123JJ9 ‘BAIl0R alk Jey] Saulw YIAA “Seate Buluiw 02 ul uoneliols1ap
Alrenb Jarem Jo ashed peaisdsapim e sI (QINY) abeulelp aulw pIoy

‘woxs3 Ajddns yaiym 1ng
saluedwod Jaylo AQq pauMO dSOY} Se [|9M SB Saul PBaUMO-WOXST Yim
ylog auop aq pinoys syl ‘wayl yum Buif[dwos are sauiw ayl eyl
pue ade|d ul aJe 9sSuUdJI| BSN JayeM pue suonesLoyINe [eIUSWUOIIAUS
Aressadau ay) eyl ainsus 01 ureyds Alddns s.uoneis lemod 8yl ul
sasnoy Buiuiw ay) Jo sisbeuew [eIUBWUOIIAUS Y} YlIM Jay1abol Yo

sanljiqisuodsal a1s-uQ

"2ININJ 8Y1 Ul IN220 AW YdIym 3S0oU] Sk ||am Se
syjuswdojanap Buluiw Wwa1INd Jo ade} ayl ul wia) Buo| ayy Jo} pardeloid



0T¢

31IS uo spuepam Aq
papinoid sadIAIas WB1SAS02a ayl BulAinuapl ul 1SISSyY e

1uswyad1ed Areularenb ay ul
pue als uo spuejiem Yd34N Jo aouasaid ayl Ajnuap| e

(S13) Auanisuas pue asuenoduwi [ed160j0o9
pue (S3d) o1e1s [edlbojods ussaid sulwiseg e

yljeay pueam ay) Ssassy e
Alessadau alaym IopLiod AlsIanipolg e

seale asay) ploAe
ued |auuosiad suonelado 1ey) 0S Sauoz Jayng
pue spuepam a8yl Jo sabps a8yl 8yedsewsg o

uoneaul|ap auoz Jajng e
uoneaulap puepapy e

suonouny
Buiwmoljo) ayr wiopad 01 pa1oenuod aq 01 — 1sifeldads pueap

apinoud Aay sadlnles
wa1sAs02a 8yl Jo sud| ayl ybnoliyl Spuelom SSassy e

(Bunjiom Japiey) uonipuod
Jalood e ul ale eyl spuejlem U0 SallIAOR SN20H

palinbal alaym |puuosiad
als-uo Jo} Buwren apinoud 01 pasN o

JuswIyo1ed 3yl JO SOHUM
ayl yum aouedwod aINsus 0] PIsN O

[9A3] JIND pue YNM
Te uonejuasaldal aAndaye apinoid 01 pesN O

$a.n1onJ1s pue sjuawalinbal wYAAQ Bulyouelano
awes ayl 01 108lgns aJse juswyded Jenodued
e ul suonels Jamod ayl |e eyl asiuboosy

wswabeuew
920JN0Sal J8lem  J0} dnuaAe ue se ST
a|geuns e juawsajdwi pue dojdasp AjpAnde-oid

31IS-U0 spuejiam
JO uoneEyIqeyaI
/uondalold v

sanljiqisuodsal a1Is-uQ

sanljiqisuodsal 821JJ0O pesH WoXs3 anssj

als-uQ
uonisod esiydeiboosn

211s uonels Jamod ayl UO 821N0Sal JI81eM 8] Jo 1uswaleuew ajgeureisns Buiuue|d Joj sanijigisuodsal woxs3 :/€ a|qel




4

Aubaul puepom
9SIwoJdwod 10U Op SaNIAIOE JBYI0 Teyl ainsug O

suonesioyine yum asueldwod
10 [9A8] 8yl aredlpul pjnoys Buuonuow a8yl o

"SIy} 1o} pasn aq p|noys
apinb juswssasse sl pue yyeay (¥T02)
‘e 18 Jais|oysaqO 8yl ul UaAIb sioledipul 8yl
'SOUM ay1 ul pareindns [aA9] ayl 01 anoiduwi
Algessjaid pinoys Ing ‘erelousldsp 01 pamoje
8Q 10U p|NOYS Spueldm 8S8U) JO UORIPUOD
9yl '9lS U0 Spuepem JO UONIpuUOd Byl O

:Buimojjoy
ay) Jouuow 0} (INVS) wswabeuew aandepe olbarens
JO MJomawel) ay) ulyum Buliouuow aunlnoJ 1oNpuod e

ainjoniseljul [ea160j02a
J0 doueuawrew HBuiob-uo Joj 186png pue ued e

labeue |ejuswiuolInug

‘woxs3 Ag papunj ag 01 paau Ajqeqouid
M Syl JI8s) uonejiqeyal sy) pue uoneyjiqeysl
J0 Buiuueld pue uoneoynuapl ayl yum dpy/pes] e

spuepa Joj Bujiopn

sanljigisuodsal a1ls-uQ

sanljigisuodsal 821JO peaH WoXs] anss|

a)Is-uo

uonisod eosiydeibosn




474

abueyasig
wany3 pinbiq oiaz jo Adljod syl JO SwId] Ul ashal
1o} paleall pue paureiuod Aj@reudosdde ase uonels
Jamod 8y} JO S8JeuNS pJey Wody Jouns jeyl ainsug e

ainonJiseljul Mau Jo
Buiuueld ayl ul papnjoul aq 0] aJe Ss)oadse asay| e

Ad1j0d uswabeuew Jayem ay) 01109448 SAID) e

wep yse pue
so|id)o01s  [e02)
abureyosip wanyo
pinby oz '3

yum paldwod ate sainpasold
Buniodas ayl 1yl pue aded ul Sl Jarem adelns
pue punoib jo Buuonuow paisnbal ay) 1eyl ainsugz e

asay)
Ag epige pue TNM 8yl JO SUonIpuod 3yl puelsiapun
pue Mouy SI01oBNUOD pue |[uuosiad | 1ey) ainsug e

paiinbai se uoddns Jayio pue Buiurel apiInOId e

Sa1IS ||e U0 pauonoe Si
Ao1j0d Juswalbeuew Jarem WOXST ayl Jeyl ainsug e

V3 pue 1NM 3yl
JOo  sjuawsalinbai
ymm Aldwoo @

¢9]doad euni Jo pooyiaA

asay) 01 ainquIuod Aew sbuipjoy woxs3 moy pue

saniunuoddo

ayr o1 Bunnguuod Joy samunuoddo iyl BIy e uswyodred ayl ul sanunuoddo pooylaal Ajnuap| e POOYIIaAIT go)
SaIlANOR JBY10 AUk IO UOI1ONIISU0d ‘alnjonJiselyul mau Jjo Buluue|d syl ul papnjoul
ybnoiyr pasiwoidwod 10U ate SIopulod AlSIaAIpolq 8Q 0] poau SIOPLIOD pue Sauoz Jaynq AUSIanIpolg e
z n Al I n
pue ssuoz ayng jo Awbawi syr rey aunsuz e 's9ssad0.d asay) 109104d 03 siayng areudoidde SI0pILIOD
Buluueld ayy ur papn|oul 8q 0] PasU SIOPLII0D 189S pue ulaned pue ssa820.d JO SWIB) Ul S8IINOS3I Alslanipoiq

pue sauoz Jayng Alsianipolq uawdojonap aus Bung e

Jayem  Bupjul  siopulod  AusiaAipolq  Ajauap| e

® S8U0Z Jayng g

(Spuepam pajonisSuod se Yyons) als uo
S92InIaS puepam Buinoidwi Joj seniunuoddo Ajusp| e

sanljigisuodsal a1ls-uQ

sanljigisuodsal 821JO peaH WoXs]

anss|

a)Is-uo

uonisod eosiydeibosn




€T1¢

suonuanIauI
anmisod 1oy sanunuoddo Ajnuapl pue spuail
Jojuow 01 suodal Juawydled JueAd|al MIIADY
Aoljod
Juswabeuew Jayem WOXST Byl 01 108l dAID
alnjonaseljul (2160099 Jo uonoaloid
Aolj0d Juswabeurw Ja1em ay) 01 109148 AIS) e
pue wswabeuew syl ul pes| ayl axel o1 uomnisod
9IS uo saAndalgo B Ul SI WoXS3 ‘eale ay) ul Jasn iayem Jofew e se uonisod
pue swie ayepuew 03D NN 8yl 8dnoeld 01 skem pul{ e pue ajepuely Jalep\ OFD NN dYr 01 Aiojeubis sy s,woysg ‘H
sainpadsoid
Buniodas uo papinoud si Buluren eyl ainsu3g
suonesioyine Jayio pue JNM ayl Aq pasinbai se 1 Sainseaw aA119391100 ainpasoud
ynm Aldwos pue pueisiapun yels Jueas|al ayl jey) pue alnyIsul pue 109y8 pue ashed BulAspun Bunuodal
aoe|d ul sI ainpadsoud Buniodai uspioul eyl ainsug e Anuapl 01 JI8pJO Ul eIRp B2UDPIdUlI BSARUY e uspIou| =
JUBWUOIIAUS 8y} OJUI pases|al
80 10U pINOYS ‘92IN0S ISASIBYM WO} ‘SUOQIEJ0IPAH e (8breyosip
sanljqisuodsal alls-uQ sanljiqisuodsal 99140 peaH woys3 anss|
alIs-uQ

uonisod eosiydeibosn




puepam ul Buisijerdads juelnsuod B Ag uayeuspun aq 0] SpPasau Ysel
9yl ‘"palesuljap are spuejiam eyl ale suoneoldde asusdl| asn Jarem
ay1 ul pasnbal Ajaunnos suonipuod ayl Jo auQ :Isljeloads puesp

‘passasse aq p|nNoys JaAllap Asyl S92IAISS SU) pue Spuelam uo
s1oedwi ay) Jo S1998 aAIRINWND 8yl ‘a|gissod sI se Je) sy "SIyl Yum
1SISSe 0] a|ge aq [|IM IsIjerdads puepam ayl “apinoid Asy) Jey) SaIAIeS
Wa1SAs0oa ayl Jo sus| 8yl ybnoiyy passasse ag PINoys Spueiam

sanljiqisuodsal a1Is-up

ENNGETIE]
1S0D aJ0W 8Q [|IM SUONIUBAIBIUI 18SHO0 JO uonebniw eyl uesw osfe
pue uonIpuol Janaq ul ainlonJiselul [ea160j02a ayl Jo Aupenb |eiano
3U) urejurew ||Im asayl uo SailAloe Jo Snooy 8yl ‘siaylo ueyl (Bunjiom
JapJley) uonipuod Jaiood e ul aJe spuepem awos eyl asiubodal YA

‘wiayl Jo paJinbal si reym yum Jeljiwue) are
[Quuosiad a)Is-uo 1eyl aINsua 0] pue sassad0.d asay] ul uoneluasaidal
3AI129)J8 apinoid 01 9211JO peaH WOoXS3T 2yl Jo S1Salalul ayl ul SI 1 VIAM
alnus ay) 0] Aidde |im YINM Buo Aue 1oy SOHM 8yl pue SIND 8yl s

'vMA Aq padojanap st SOEM
a3yl pue VYIAM yoes Joj (SIND) AbBarens uswabeuew juswyded ayl
Buidojanap yim payser si (YIND) Aouabe juswabeuew juswydied ayl

1474

‘(uonesiba pue Aaljod
[euoneN ‘AX Z UONJ3S lapun aAoge paguoasag SOYM) SSa20.d
uoneolIsse|) 92I1nN0say Jarepn ayl ul (VIANM) eale uswabeuew Jajem
yoea Joj 1o yads are suswainbai Amuenb pue Auenb lerem syl

"(9T:200Z ‘AYMA) VINM 38U} UIYIM JaTem s|qereao|e o}
Ajurew arejal sanigisuodsal asayl SwNIoH luswabeuely uswyded
pue sSuoNeIdoSSY JaSMN J9leA\ ‘Se8NIWWOoD Juswabeuey Juswydred
‘l9A9] [e20] e e ‘Ag palsisse pue SyND 0] luswabeuew sadinosal
layem Joy Auoyine pue sanijiqisuodsal ayl Jo Auew Jo uonesijesuadsp
anissalbold ay) SI eoLY YINOS Ul uolewuojsuel) INYAM JO 10adse
A v, "(INEMI) 1Uuswabeuey 921n0sal Ja1ep) palrelbaiul 01 abueyd ayl
SI (866T 10 9€ 10V) 10V Ja1eA\ [euoneN ayl ul pasnposul abueys Asy v

"SalIAIOR JIaY] |[e SS0Jok Juawabeuew [elUBWUOIIAUS Ul AOUS1SISUOD
SI alayl eyl ainsua 01 sbuipjoy adyl Jo) Abarens juawasbeuew
[eluawuoliAuS ue juswajdwi pue dojeAap pinoys ad1jO pesH woxs3
'S24N1oNnas pue suawalinbal Juawabeuew a2I1n0sal Jajem Bulyoselano
awes ay) 01 19algns aJe Juswydles Jenanted e ul suonels Jamod ay) ||V

sanljiqisuodsal 821JJO pesH WoXs3

:91I1S-UO SpUB[18M JO Uollell|iqeyal/uoildslold 'V

9)Is-UuQ

uonisod eaiydeibooan



‘alnonaseljul mau Jo Buluued syl ul papnjoul
aq pinoys sulaned pue ssad01d WaISAS029 2INSUD 0] SB2IN0SAI JB1eM
Bupjul] sloplLiod Jayem pue [ea160j02a Jo uondaroid ayr 1oy Buluue|d

‘paurelurew aJse suisned pue ssa204d WalSAS0I8 8INSUS 0} SB2IN0Sa
Jarem Bupjull sloplod Jarem pue [ea160j093 Jo uondalold syl ainsug

sanljiqisuodsal 821}J0O peaH WoXs]

S10p11102 A1ISIBAIPOIQ 9 SaU0Z Jayng 'g

‘parebnsanul g 1snw uondo
SIy1 1o AljIgisea) oyl ‘S82IAISS WBISAS02a Byl ddueyus 01 Spuejiom
pa1onnsuod Joj Auunuoddo ue st alayl )| -Alibajul puepam asiwoldwod
10U Op SaniAlde JBaylo Aue 1O UONONJSUOD Jeyl pue Sjuswalinbal
uswabeuew puepam Yim asueljdwod JO |9A3] ayl a1ealpul pjnoys
ssaocoid AVS 8yl uiyum auop HBuuoluow ayl -uonesuoyine JNM
ayl Buunp pasn aAJasal ayl Jo DY 10 OOHEM 9yl Ag papinb ag pue
pasn aq pjnoys (¥T0Z) ‘e 18 Jals|joyiaqO Ul siojedipul ayl “sanosdwil
Algesayaid Inq ‘e1el0l8}ap 10U SB0pP B)IS-UO SpPURIdM JO UOIRIPUOD By}
1yl ainsua pjnoys Jabeuew [eluawuolnue 8yl (NVS) 1uawabeuew
anndepe aiberens Jo ssasoud ayl ybnoiayl  :Buuonuow dS-uQ

"alnioniiseljul [e2160]099 Jo sourUSUIRW
BuioB-uo ay1 Joj 196png pue ue|d pinoys Jabeuew [LIUSWUOIAUS 3yl

:labeuew [eluswuoJiAug

ST¢

‘pasealoul aq
Kew pareyljiqeyal aq 01 spuefiam Jo ease ayl Aem siyl u| ‘payoeosdde
ag Aew palelljigeyal agq 01 spuepam yum siaumopue| BunnoqybiaN
‘paurelqo Ajisea alow aq ||IM SuolesLIoyINe [elJusWUOIIAUS Aressadau
ay djay Jisyr yum os pue uoneljiqeysl puejam op 0} pajepuew s
SpueIafn 10} BUuBJOAn “SpueIapn 10} BuJopn yum uonounfuod ul suop
aq Ajjeap! pjnoys sIyL ‘siyi op 0} apew ag pjnoys sue(d ‘pareljiqeysl
8Q 0] paau yYdlym Spuepam ale aldy) j| :Spuejidpy Jo) Bupjiopn

‘BulIdAI[Bp BJe BlIS U0 SpueIdm 3yl Ydiym
S92INIBS WBISAS029 3yl BulAjnuapl ul I1sISse os[e ued 1sijeloads puepam
93Ul ‘uoneAlasuod [eroads alsinbai sease asay] uswydled Areussrenb
3yl Ul pue dNsS uo aJte Jeyl spuepam (ealy Awould walsAsod]
laremysald |euoneN) V434N Aue Amuspl osje pjnoys 1sijeloads
puepam ayl "ssad0.d uonealdde TNAA 9Y1 JO uswalinbal e sI siy] se
91IS UO 3[IyMm 1sIje1dads puepam ayl Aq auop aq pjnoys SIyl ‘pauluialap
usaq 10u aAey (S|13) Auanisuas pue aoueuodw| [edlbojoo3 Byl
pue (S3d) a1e1S [ed160j023 1uasald ayl §| ‘spuepam ayl ul sabueyd
1o} Jojuow 03 Jabeuew [elusWUOIIAUS BY) Ag pasn ag pinoys (yT02)
‘[e 12 Ja1sjoyiagqo "(8002) ‘e 1@ duelie4oeN JO spoyldw Ayl Buimojjo}
spuejlam 8yl Jo yleay ayl ssasse pinoys Aayl aus uo si isieroads
Spuejlam ayl a|IYyM ‘Spuelam usamiag aAow 0} ydiym ybnoliy) 1enqgey
pagimsipun Jo Siopulod alinbal osje Aew Alsianipolq jo uonosajoud
91IS-uo 8y ‘Alessadau alsyp  “AusiaAlpolq 199104d 0} SI BU0z Jayng
3y} Jo suonouny Auew 8yl Jo sUQ ‘eale ay)l JO ddUeqINISIP [BeIuspIdde
wanaid 01 sauoz Jayng/spuepam ayl Jo abpa ayl yrew 0] Aressadsu
S| ) aseyd uononnsuod ayl Buung ‘paredlewsp Os[e aJe spuejlam
3Yl punoJje Sau0z Jaynq Jeyl UONBAISSUOI Ppuejlam JO juswalinbal
B Sl 1 sienads 10s e yum uonounfuod ul usyo ‘uoneaulsp



‘Buijphoal 1o) a|genns Aupenb
© 0] paleal) pue paurejuod ag pjnoys youny -Aoijod abreyssip wan|ys
pinbi| 019z ay1 Jo swual ul pabeuew aq pjnoys sasiwalid uoneis Jamod
WwioJj jjouny "eaJe [einjeu B WOJ 9SEI BY) aC P|NOM Uey) uoneinp
J21loys JO pue asusiul 80w 8Q O} JudAd |ejulel e wol) abreyasip
yead ayr Buisnes ‘ease ue Jo ABojoIpAy Byl Jsje Sadeuns pieH

sanljiqisuodsal a1is-up

"8]IS-U0 Jarem Jo
1uswabeuew ay) 01 asuepinb saalb Aoljod Juswabeuew Jojem s,W0XST

sanljigisuodsal 821JO pesH Wos]

(e11s ay1 Buiaes| Alienb 1arepn) abueyosip
wep yse pue sa|ldXy201s [0 ‘Sadeyins pley woly jjouny 3

“INM 31 Ag palinbal se pauodal aq pjnoys alis Uo sluapiou|

“TNM 83Ul JO swial ul YAM@ 8yl 01 paniwgns aq p|noys
s)nsal ayl “INM 3yl Aq palinbal se Jarempunolb pue adeuns ayl Jo
Buuonuow jwswaldwi pue ubiSap 01 SpPasU JBd10 [BIUBWUOIIAUS By

"2oueldwod
s,uonels Jamod a8yl ainsus 0] J8plo Ul JNAM Byl Jo Sluswalinbai
ayl Aq opige 01 paau 8)S U0 SIoPeNUOD pue [suuosiad |V

sanljigisuodsal alls-uQ

“TNM 341 yum Aldwod 01 suoya J1ay) ul pauoddns
Aj@1renbape ale Aayl 1eyl pue 8dusadl| asn Jayem JO Sjuswalinbal
8yl yum paads 01 dn ale SI9oIO [LIUSWUOIIAUS Jeyl ainsu3l

9T¢

sanljigisuodsal a21}JO peaH woys3
TNM 241 Jo stuawalinbal yum A dwod '

‘parebnsanul aq saniunyoddo ay) buidojonap
J0 Aujigisea) ay) pue paunuapl aq piNoys asayl ‘uoisinoid pooyiaAl|
1o} Auunuoddo ayl apinoid Auadold woxs3 uo Spuepem  alBYM

sanljgisuodsal a11s-uQ

‘pauoddns 1o/pue padojanap aq Aew asay) 9|qiSea) alaym
pue paynuapl ag Aew spuepam wody sanunyoddo pooylaal ‘sainonis
Bunsixa oyl ybnoiayl pue sispjoysyels Jayio yim uonodunfuod uj

sanljiqisuodsal 821JJO peaH WoXs3

sanunuoddo pooyiaai "D

"1 BuigunisIp pIoAe pinoys pue aduasald Si JO pawlojul 89 p|noys
[ouuosiad suonelado/uononiSuod pue spuejlam ayl se Aem awes ayl
ul payJew ag uayl pjnoys Jopuiod ANsIaAlpolq 8yl -1siieloads spuepam
ay) Aq uoneauldp puelam ay) Se awil awes ayl Je auop aqg N 1eyl
SIY} 10} paau e S| 818y} Jaym papuawiwiodal Sl "SIopLI0d AlSIBAIPOI]
109101d pue sleauldp 01 Alessadau a8q Aew 1 S8duelsul URLBD U|

‘Buiuueld feniul ayl ul papnjoul aq 0] paau Sauoz Jayng
‘PAMOI|0} BC pPINOYS SIYyl woly sauldpinb syl pue 109loid yoseasal
D4M/VYMA € Jo 108lgns ayl Apusund ale sauoz Jayng SaAndalqo
a1eudoidde ay) oy paleaulop OS[e ale Sauoz Jaynq 1981109 8yl 1eyl
aInsua ‘spuepam ay) Buiresulap 8IS uo SIisijeldads puepam ayl Iy

sanljiqisuodsal 811s-uQ



‘6002 ‘'re 18 aidiny

xdse'spns/|o
.uod uonnjod/sawibal/uoie|nbal 1arem/ialemnbioedas mmm//:dny
‘69 —sans

"'GO0Z ‘IUBWISSASSY W)SAS09T WNIUUS||IA

'vTOZ ‘'SMA pue |gNVS
'8002" dueliejoe
'600¢ “[e 18 9710

wos3 Aq payslignd
"X3pUl JUBWISSASSE YSli pue uonealyisse|d puepapy  (parepun) woys3

'6002 “"[e 18 K193
2002 ‘4vMma

"800 ‘8710 pue X0
:S9J31N0Say

‘9say] Juawa|dwi 01 saniunuoddo yoas pjnoys Aayl ‘jsuuosiad Sd 01
parebsjop usaq aney arepuely Jarepn 03D NN Byl Jo s1adse alayM

sanljigisuodsal a1ls-uQ

LT¢

‘pajuswajdwil
aq Aew suonuaniaul aAmsod ajgissod aieym pue  Juawyded
8yl ul spuan Ajuapl 01 pamainal g pjnoys suodal juswyored

‘'suonoeialul 8sayl 01 asuepinb aalb pinoys Aaijod
39Ul "JUBWUOIIAUS 38Ul YUIM 1oBISIUI SANIAIOR S,WOXST alaym Seale Jo
lagwnu e sisi| yaiym Aaijod juswabeuew Jarem S, W0XST 0] 109)40 SAID)

"921JJO peaH WoXs3 ayl Je paurelal
Janaq aq Aew suonouny Jaylo sjIym aus uo |puuosiad 0] parebajap
Qg Aew SIy1 JO suonounj urela) ainonaseljul [ea160j099 Jo uondsio0id
pue juawabeuew ay) ul pes| ayl axel 01 uonisod e ul SI Woxs3 ‘Jasn
Jarem Jofew e se pue arepuely Ja1repy 03D NN 3yl o1 Aloreubis sy

sanljiqisuodsal 89140 peaH woys3
uonisod s,woxs3 'H

‘1l yum A[dwod pue pueisiapun Jels Juendjol
ay) 1eyl pue aoeid ul sI ainpadsosd Buniodas uspioul yeyl ainsuj

sanljiqisuodsal a1Is-uQ

"sainpadolid pue sjodo0loid pasiioyine syl 01 Buipiodoe
pajpuey pue sanuoyine o) pauodal ag osfe 1snw )| ‘sasned Buikspun
3] 1081100 uUaYyl pue Auspl 0] pasAfeue agq pinoys Sjusploul ayl

sanljigisuodsal a21}JO peaH woys3
ainpadsoid buniodali juspiou] 4

"9AI193)J9 1502 alow BuljpAdal
10J juswilea) B8yl ayew M SIYl  "UuoISoJd ‘@anpal Ajenueisqns
1Se9| 1e 10 ‘uanaid 0] pareal) ag p|NOYS 1UBWIPAS JO S32IN0S |[enualod



‘pajuswajduwi

8T¢

JUalsisiad 01 UaAlb ag pinoys uonuane Jenoied -(18s aduo sOOY

ale siopliod AISIBAIpOIq pue Sauoz Jayng pauue|d ayl eyl ainsul

sanljiqisuodsal alls-

sanljigisuodsal 821}JO pesH WoXs]

"A1INUNUOY Jeligey urejurep

"SYSII Yl[eay UMmouy| ase asay] Jo ulelnad

uo

se

siueinjjod oyads-uonels Jamod Jayio pue (Ss4dOd) sweinjod aiuebio

weallsumoqg

uonisod eaiydeiboan

ayl pue) soOMYH ayr yum saidwod aus ayl Buines| Jjarem eyl ainsuj

sanljiqisuodsal a1Is-uQ

‘paleniis si uonels

Jamod ay1 yaiym ul Juswiydred ayl 4o} 18s sOOMH 9yl 198w 01 sannp
lI|oY) ul pauoddns ale a)s uo slabeuew [RIUSWUOIIAUS JBY) 3INsSu3]

sanljigisuodsal 821)JO pesH WoXs]

Alenb Jarepy v

juswabeuew pue Buloluow
annoe Ag spuepam Buunoqybiou yum AINunuod urelulely e

syjuswdojanap Buluue|d usym 1unod2e OUI SpURIaM
1usoelpe 0] SI0pLII0D AIISISAIPOI] pue SBU0Z JalNg axe|

Anunuoo
Jelugey ureureiy ‘g

woxs3 jo Aaljod
abueyosip uanya pinbyl 018z ayr yum aoueldwod ainsug e

woxs3 jo Aaljod abeyosip
wana pinby oiez a8yl yum aoueldwiod  ainsug

alelado Aayl yoiym ul Juswiydred ayi 1oy SOOMH
3yl yum Jelwe} ase 8Ns uo [guuosiad eyl ainsuj

Alenb Jarep v

sanljigisuodsal 81s-uQ

sanl|iqisuodsal 8211JO peaH woxs3 anss|

weallsumodg

uonisod [eaiydeibosas

uolrels Jamod ayl Jo WeallSUMOp 82IN0Sal Jarem ayl Jo 1uswabeuew ajqeureisns Buluue|d 1o} sanljigisuodsal WoXsT :8E a|qel




6T¢

-adeospue| ay) Jo seIngune syl aaiasald o) Japlo ul saiuadoud
BuunoqyBlau uo syelgey Jejiwis yum qulp o) pauueld aq pjnoys

‘o1endoidde se
‘siopliod  ANSIBAIpolq pue Ssauoz Jayng ybnoiyr ‘Aununuod 1enqeH

SJIoplLI0D ANSISAIPOIC pue Sauo0z Jayng Jo uondajoid pue uonedsewsp
ayl ybnoayy saull abeurelp Jeaull syl ul jeluqgey Jo AINunuod urejurep sanljiqisuodsal a21JJ0O pesH WoXs3

sanljiqisuodsal a1Is-uQ Anunuoo yeliqey urejureiy ‘g



0ce

aAal1yoe 0] 1IN0 18S a1am Aayl ley)
SsoAn23alqo syl Jo swial ul pabeuew pue pauleluRW
Ajedoud are paunuapl Sauoz Jayng eyl ainsul e

papinold ale sally
Bunnp seinos adeass 10 aose|d Buyel sI uoneibiw
uaym Jeak jo awn ‘B8 ‘Jopulod B yoNs yum
pareloosse syoadse AlojesbBiw sy JO JUNOIJE Byel
pinoys siopLiod Ausianipolq Arejusws|ddns se
Buinias sapniinIaS aul| Jamod Jo adoueudUIeW BY] e

"'S9pPNIAISS
aul| Jamod yum siopulod AlsiaAlpolq uawajddns
0] uoya ue ul bBuwuued Alsiaalpolg/ededs
uado [epuinoid yum paubie aq (sjgissod aiaym)
PINOYS SWaISAS UONNQLISIP MU JO BUIUOISSIWIWOD e

saniunuoddo uoneAlasuod aaiioddns Ajreninw 0}
Buipea| sanuoyine uoneAlasuod yium Apuiol auop
aQ p|noys syJomiau uonnguisip Joj buluue|d Ajeap| e

SlopuIod
Ausianipolq  pue
sauoz layng D

saullapIinb wos3 Jueas|al ay) Jo
sainpadoid syl Buimojjol siue|d aAISBAUL USIR SAOWDY e

saloads
SAISBAUI UdIe Jo pealds ay) abeuew pue JUaA3Id e

swue|d
OAISeAUl ually g

s1oedwi uudioo) aonpal 01 pajuswajdwi aq

S9SIN0J Jayem pue spuepam Buissold Ishw sainseaw AloyeBniw oi109ds 10 ddueplone spuejlom
10} saunopinb  woxs3 yum doueldwod aInNsuz e AQ s82In0sal Jarem BANISUSS JO SBUISSOIO Wi e Buissoid v
sanljigisuodsal 8)Is-uQ sanljiqisuodsal 89140 peaH Wwos3 anss|

uolssiwsues|

uonisod esiydeiboosn

SBPNIIAISS UOISSIWSURI] UO 821N0SaJ J91eM ay] Jo Juswabeuew a|qeureisns Buiuue|d Joj sanijigisuodsal woys3y :6E a|gel




‘(oto0Z
‘uouy) awi 01 awn wody parepdn se saulapinb aonoeid 1s8q S, W0XST

S931N0SayYy

‘way)
SN [|IM YdIym euney 8y} JO Spasau ay) 40y} Ja1ed pinoys SapniIAISS asay |
"'SOPNIAISS WOYST YlM SIopluod Ausianipolq uawsajddns 01 Japlo ul
Buluue|d aoeds uado [eloulnoid Se ||[oMm Se S1Salalul UOIRAISSUOD YlIMm

| X44

paubie ag pjnoys ainonaseliul uonnguisip jo Buiuueld sy “uasaud
are Aanisuas pue asuenodwi [e2160]028 ybiy Jo Sease alaym sased u|

"'S9PNIAISS UO Bunjiom swea) Aq pamoj|o}
aq pjnoys saulepinb areudoidde syl  "sepniAISS  UOISSIWISURI]
Bulurejurew o) saulepinb aonoeid 1saq padojensp Sey wWoys3

uolssiwsues|

uonisod eaiydeiboan



ace

‘uonelsiba)

93Uyl JO SwJd) ul wayl woly paroadxa Sl jeym MOuy Saulll dyl uo
MI0Mm 01 a1e oym |auuosiad eyl pue Ajlsnoawin Joj paldde ase (1219 ‘asn
JaJem pue [eluBWIUOJIAUB) Suoiesloyine Alessadsau ay) jeyl ainsuj

SQUIN PaUMO WoYsT

"ureyd anjea ayi Inoybnoiyl pue sauiwl
paumo-woxs3 yiog 1e Aoljod juswebeuew lJajem ayl 0] 10318 SAID

sanljiqisuodsal 821JJO pesH WoXs3

Ao1j0d Juswabeuew Jayem woxs3 ayi Jenaned ul ‘saioljod
woXs3 weAsal yum Aldwods ureys Alddns woxs3 ayp ul
sassaulsng eyl alinbai siayddns yum sjoenuod 1ey) ainsug e

10BJJUOI J13Y] Ul SUORIPUOD YlIM
Aldwoo ureys Ajlddns woys3 ay) ul sassauisng eyl ainsug e

Ao1jod juswabeuew
Jarem woxs3 ayl Jenanted ul ‘saioljod woys3 jueasjal
yum Adwods ureyos Addns woys3 ayl ul sassauisng
eyl aJinbal sianddns yum SORNUOD Jeyl aInNsugl e

‘suonesuoyine pue uone|sifs| JueAs|al
yim Al[dwos ureys Alddns woys3 ayl ul sassauisnq
eyl aJinbal sianddns yum SORNUOD Jeyl aINsul e

ureys Ajddns
ayl ul sianddns Jo
aoue|dwos ainsud
pue 10adx3 v

SININWIFHOV
3ISVYHOdNd
NOMS3

"auiw ay} jo uonelado ay) Buunp spueiam
0] sabueys abneb 01 swwelboid Buuoyuow e juswajdw| e

"SIyl 109dsal JJels [euonelado eyl pue
pa10aloid are uoneAIBSU0D 10 pajeubisep seale ainsuj e

‘(1osyo
lo pajebiiw ‘paploAe Jayle ase spuepam uo sioedul)
¥ 8|qel ‘soueisul Joj ‘Ul paulno ainpadold ayr Buimojjoy
aor|d ul are suonesuoyine Alessadau 8yl leyl ainsul e

'sal1j0d S,WoXS3T pue JuawuidsAoh Jo uoneluawa|duwi
ayl ul pauren Ajrenbape ase |puuosiad eyl ainsug e

‘Alsnoawin Joy paljdde ase suonesilioyine
Aressagau 9yl eyl ainsus pue ‘U0 3SINPY e

ureyd anfeA ayi ybnouyl pue sauiw paumMo-woys3 Yyloq
Jo} Ad1j0d juswabeuew Jayem WOXST 3yl 01 109440 SAIS) e

919 'dN3 “1INM B8
‘suonesuoyine  yum

saiAnoe Buiuiw
jo aoueldwod
alnsug v

S3aNIN

d3aINMO-INOMASE

sanliqisuodsal 81ls-uQ

sanl|iqisuodsal 3211JO peaH woxs3

anss

sjuswaalbe aseyoind WOXS3 pue Saulll PAUMO WOoXS]

saulw pafeuew 10 pauMO WOXST Ul 82JN0SaI JaTeMm ayl Jo Juswabeuew ajqeureisns Buiuue|d 10} sanljigisuodsal Wo3sT :0f a|qel




"€T02Z "@1Mmnsu| AlISIaAIpolg [euoieN uedu)y Yyinos pue ‘wnioH
Ausianipolg pue Bululn uedlyy Yinos ‘Sauly Jo Jaquiey) ‘sadinosay
[eloullN  JO Juswleda@ ‘silely  [eluswuolAUT  Jo  uswueda(

S931N0Say

"10R11U09 113Y] JO suonipuod yum Ajdwod sialddns
woxs3 ey ‘a|qissod se Je} se ‘Jojuow pinoys siabuew [ejuswuoliAug

sanljigisuodsal a1ls-uQ

€ce

‘suolnesloyne pue
uone|siba| weAsjal ayl yum ueldwod Ajny ag o1 sianddns ay; alinbal
pinoys sJalddns Jiayl pue woys3 ussamiag Olul palslus S}oenuo)d

sanljigisuodsal a21}JO peaH woys3
Sjuswaalbe aseyoind woxs3y

‘pabeuew pue dn paxaid aq |Im BUS dY) UO SpUB[IaM
0] sabueyds Aue eyl ainsus 0] swwelboid Buuonuow e juswajdwi

‘paloeduwl
JOU 8Je UONBAIdSUOD 10 pajlew spuejiam Jeyl pue yum paldwod
ale suonesuoyine ayl ul 18S SUONIPUOD JeYl ainsua 01 suonelado
9]IS-UO JOJIUOW 32140 peay a8yl Ul UoIIaS 1ueAdjal ayl yum Buiopn

sanijigisuodsal a1ls-uQ



vee

aepuely Jo  Auenb  pue  Jsqwinu  aaoidwiy

— BISY pue ‘edlswy uneT ‘eouy Ajernadsa

pue SIasiopus ylm uonedlunwwod bHuioueyus pue
‘(gnH uonay JIa1BAA 21ISOaAA S1epuRly B 8) aimonaselul
ABojouyoor onndsye bBuidopasp Jayun) ‘(Jelelaldnss

‘uoibal  pajussaidaiiopun  WoOL  SJepueRiN  JSTRMN '2'1) Auoeded Bunesado ewswul Bupueyus Ag Aoeded
03D NN 8y Bujuiol sajuedwod Jo Jaquinu pasealdu| e Juswabebus Jspjoyaxels Aoy pue Jesiopus onoidu] T
— (§T02 40 9501 A9 00Z-0ST 01 10T 40 PUS Aq (z reoo BuiysrelanQ Japun paduala)al-SS04d)
GZT 01 ‘gidwexa Joj) SI9SIOpuUd JO Jaguinu pasealdu| e }
SHIOMIBN |20 D9NN BIA Ajeioadss ‘oeds lajealb
s1oedw| ® sawo021NQ paldadx3 | analyoe 01 Salbolesls 1uaWIINIDSL BAIND3LS  3dnNpoau| T'T
juswabebug
pue 1uawiiniday Jap|oyayelS A9y pue Jasiopud ybnolyl SSIUBAINDLBJT pue 9edIS Jseal 01 HBuimolo T [e0o

GTOZ-¥T0OZ poliad ayy 1o} arepuey Jalem 03D NN 8y} o S[eoo

suonesiunwwod pue ABojouysal o
[apow Buipuny ajgeurelsns o

:Ag pauoddng e

ylomauwrel) AjIgeIun022e pue aouruIaA0b salepueiy syl Ag USSSISAD e

(5T02-¥102)
SeaJe SNJ0} peolg

"uonelUES pue Is)em 0] Ssadde Jo swajqoid ay) ssaippe 01 sdiysisuned Japjoysyeis-ninw abio4 e

suonn|os Alljiqeureisns Is]em adueApe 0] SIapes| SSauUIsng JO SSew [eoNld e aZI|IqoN e

(s10enx3)

JUSLWaTeIS UOISSIA

GTOZ-¥T0Z ue|d 216arens
alepuep Jarep 03D NN

GT0Z-#T0Z poliad ay) Joj s[eob ay1 uo sNooy ay1 Yum ‘erepuey Jalep\ 03D YL T 9|qel

d3SN I0dNOSTY V SV WOMNSH

€q




144

(T reoo buiyasesanQ
lapun pajualajel SS0JJ) SlayJew pue  S|aUUN0d e

pajuasaldal-ispun wod)
arepue ayl Bululol sissiopud Jo Jaquinu pasealdou| e

SYIoMIBN [207 [enpialpul Aq pauoddns
pue pajel|ioe] ‘gnH uonay Jarepn uo sbunsod 193loud
pue suonensifbal uoneziueblo Jo Joquinu pasealou| e

SaLluNod pue suolbal
JIBYl UIyIM gnH uonody Jarepn ayy uo syoaloud jo Hunsod

s1oedwi (20| aAmSsod 3U1 alelljioe] pue aZljIqow 01 SYI0MISN [e207 abeinooul] YA
e et ) e
1usp 15 191EM P TEPUEIN J91BM O30 NN 8ul 1a1rem uo Buisnooy (saoualajuod Buppiom pue sanbofelp
uo sBulusAUOD YIOMISN [BD07T JO Jagunu pasealdu| e
Aoljod  Ajeroadsa) sanianoe  |aA9-Anunod Ul alepue
s1oedw|  sawo021nNO paldadx3 | aresodiooul 01 SHIOMIBN 8207 DONN YIM YIom AjpAnoy T2C
10edW|/SSaUBAND3Y]T .[eD201-01-[QO|D, S.9AI1RNIU| 3yl dA0ldw] 01 SHIOMISN 8207 DONN Bulbebug Z eoo
(#T0Z TO) uaAa snxaN 'S'N
‘62 — vl0o) parejal-iarem Aay Jayio pue uonedonsed
pue Buiuaauod Ajeroads 01 uonippe ul — (ST0Z)
wjoyxa01s ‘(§T02) NIAY |91 (#T0g Isnbny) wjoyxo0is
‘(PT0Z Udy) niad ‘6@ — SIUBAS [eNUUBR BUBAUOD e
— (gnH uonoy Jerep 6°9) . . _ m\,._u,m_u,_c_ ol c_. _uwmmmmm
Seale UONOB pue ‘SWEaNSHIOM ‘SJUBAS Ul PaAjOAUI (%50 ww_H_mE>_.c: mco:@ﬂc:& m;ommm;c_ ww_Aocm ©
SIapjoysayels SSauIsng-uou JO Jaquinu  pasealou| e pre [elsie|lq "SJUSLLILISAO sapuabe NN 191008
[IA1D "B 8) Slop|oyaxels SSaulsng-uou Jo Jaquinu asealou| ST

— 9AIRNIUI BY] 1o UswNsuUl Aljigelunodoe
Arewud ayr ‘(dOD) ssalbold uo suonediunwwo)d

"019 ‘1a)9|sMmau-a ‘6°3) s1apjoyaxels




9¢¢

9109 Yy pue pig 01 syul) sdiysisuped diyspremars
1arepn ul Aubsul 01 aping Jo youne| 102 ¥O Ul e

(ainsojasiq
pue Aouasedsuel] 91 ‘Olepuely JO  Judwdld
2102 Y19 01 S)ul)) ainsojosig Jarepn arelodio) uo
SsaullapINd [eqo|D s, 8lepuely Jo youne| :yT0Z €O Ul o

uonoe-03-|ed |erads s,9sd
ayl bBunioddns ‘uonenues 01 uonel ul sadnoeud
arelodiod uo Jaded anym jo uoneaignd yTO0Z 2O U] e

(quawabebug Alunwwo)d
'9'l 'SJepuBN JO JUBWSI® 8J0J,G 0} SHUI| oOs[e
-:uonejues pue Jayem 0} 1ybu uewny syl Jo uoniuboaal
s, alepuel 01 Syul) Sybiy uewnH pue  Ja1epn
uo dsuepiNg [eqo|9 S.81pUBA JO youne| :yTOoZ 2O U] e

(¥ reoo BuiyasesanQ Buioiopuial)
S|00] pue S92IN0Sal paledl  JO  SSBUSANIBYS
pue diyspiemals Jarem aieiodiod Jo  ssueuodwl
10 sioew Aoiod Agq bBulpuelsispun pasealou| e

(2 reoo bBuiyaresanQ Buioiopuial) syI0MIBN
[e007] 0] S|00} pue S82IN0Sal JO UONeUIWSSSI e

ain)noube ajqeureisns/diyspremals Jayem
urey) Addns ‘uswainsesw 1oedwl U0NdY SANIJ|0D
‘6o — seale anssl Jonuold) ul Ajenadss ‘diyspremars
loyem orelodiod o JuswadueApe 8yl 0} SI8SIopud

AQ [e2n119 paWwaap sease Ul SWeaNsyIom Mau £-T youne :
Buiolojuial) s|oo) pue 8ouepinb ‘sedinosal |njasn
Sa|qeIani|ap A8y JO UONRUISSSIP
pue JUBAS[aJ BIA SlepuBl\ Ul Juswabebus pasealou] e )
pue aseg|al paleposse  Yum  ‘sweansylom  Auoud
s1oedw| % sawo21nQO paldadxg | ayepuen Ja1ep\ OID NN Bunsixa ul Yiom asueApe Jayun4 1€
sweas)Iop A1iolid Buiyoune] pue Buloueapy € [e09




yX44

uoljeliueS pue Jalem 0] uone|al ul
saniAnoe pue seob NN 10 uoddns ul sanianoe diysisuped ul
slapjoyaxels pue saluedwod Bulsiopua Jo Jaquinu asealou| -

ylomawrel) JuswdojaAap mau Aue ul uonelyues
pue Jayem jo asuenodwi Jo siayew Aoljod Ag Buipuelsiapun -

s1oedw| ¥ Sawo91nQ paldadx3

(1818 M-NN ‘1elgeH
-NN ‘daNN daNN 432INN 9S Aindaqg '6°8) salousby
pue s8I0 NN A8 yum diysiauned pue sessadsold NN
palejal Ul JUBWAA|OAUI PaNURUOd pue ‘suoiedlunwWod
‘S9IlIAIJOR  puB SJUSAS [enuue dlepueN BIA ‘SS820Iid
JuswdolanaQ 8|qeureIsns GT0Z-1S0d NN Ulyim uonelues
pue Jarem Jo adueuodwi aowoid/Aggo] 01 anunuo)d

%

epuaby 1uawdojonaq GTOZ-1S0d NN ul buibebu3z

v 1809

(uondnuioonue
‘uswiom  (,snxaN,) bOe/poo; pue ABisus/erewld
‘H'e) sweansyiom pue sanssl oljopiod  DONN
19Yylo ssoioe salbisuAs pue SaIoudlsSISU0d panoidw| e

(z reoo Buiyoseiano
lapun paouala)al-ss0id) SHIOMIBN [ed07] AQ Slasse
1910 pue $824n0SaJ alepuel Jo uonelodiodul Jsjeals) e

(paysiarepn/ureyd Alddns a'1 ‘arepuelp Jo Juswalo
9109 puz 0] SHUI|) S8dnodeld JBIUOI) pue 1S8Qq ddueApe
01 dnoig Bupjiopn ureyd Addns mau Jo uoneal) e

dnolo BuIOAA UOIDY SAI193[|0D UIYLIM JudwaInseaw
1oedwi uonoe BAIDB|I0D U0 XYIOM BdueApe/edodsS e

(sTOZ Ul "ds8)
slapjoyayels pue saluedwod Buisiopua Agq sapinb
pauonuUaW-dsA0ge JO UOlezZIIN pue UoNeuIWSSSIq e

(Ka1j0d a119nd
pue uondy ©BANd3|I0D ‘9l ‘Slepuely JO SlUsWIld




"S19p|oydels 18yl0o pue ‘sjuswuianob
‘suoneziuefio A1L100s |IAID  ‘suoneN pauun a8yl yum diysisuned
ur — suonnjos Aljigeurelsns Jayem adueApe 0] Slapes| Sssauisng Jo
sseuw [ea1n110 e Buizijigow Aq sisiio 1arem [eqolb Buibiaws ay 01 10adsal
yum 1oedwi aAisod e axew 0} S}98s arepuely Jaleph 03D NN dyL

:JUBWIILIS UOISSIA

saonoeld pue saloljod Alljigeurelsns Jsjem
J0 8Insojasip pue ‘uoneluswsdwi ‘yuswdoAsp 8y ul saiuedwod
1sIsse 0] paubisap aaneniul areAud-olgnd anbiun e SsI ayepuely Ja1epn
03D NN 8yl ‘[essusn-Arelaioas NN 8yl Aq 200z AInCc ul payouneT

8¢¢

‘sabuajieyd asayl ssalppe
0] MOy pueisiapun 0] BuiAn pue uonewlojul alow Bupeas ABuisealoul
ale Aay) ‘siy) Jo asnedag ‘sanssl jueuodwl asayl — 01 aINgLIUOD
uayo osje pue — Ag paiaye Apealb are suoneziueblo ssauisng

‘'swia|goud yieay uewny aianas Buisod ose ajiym ‘(apinoid
A3U1 S92IAI8S ay] pue) Swa1sAs0da Ayieay 109104d pue ‘spasu uewny
Jlseq 19aW ‘Salwounda a|gels pue Buons moib 01 Aljige Ino uarealyl
‘sanss! Jayio Auew Buowe ‘uonnjod pue AloJeds larepn Aimua)d
1STZ 9yl Jo sabuajreyd Aljiqeureisns 1salealb ayl Jo auo sasod Jarepn

:9fepueiN Isref\ 03D NN |yl 1In0qy

alepuei 181 O30 NN

‘epuabe GTOZ-1sod U0 SlUBWUIBA0S pue Ssiayew Aolod
yum abebua Apdalip 01 sissiopua orepuely abeinoou]

S110JJ8 UONJR 8ANI3||02 IO [elarel-Iq ybnoayl

1A%

alow Jauped 0] epusabe GTOZ-1ISO4 punose SsanAnde
pue suoleIoge||02 }IOMISN [e20T-81epue d1j10ads JualQ

10108s a1eAlld ayl YIm AjoAI0a)e

14

(STOZ 40 pud
Ad 000T pue 00§ UsdMIBq #TOZ JO pud AQ +00S 01 SUOeIO
199l0ud Jo Jagwnu ‘sidwexs Jol) gnH uonNdY Ja1eApA uo palsod
s1o9loud pue palalsibal suoneziueblo Jo Jaguinu pasealdu| -

Aa1j0d Jarepn ul Juswabebug
ssauisng a|qisuodsay 01 apInNg Jo asn pue uondope Jayeals -

99S ‘uone)ues pue Jayem uo 9AS 3jqissod ') sjeob
1uswdojanap [eqo|b parejai-iarem Jo uonezijeal o) pale|al
suonoe ainny ul swiojred uonejuswsaldwi se gnH uondy
1arepn Ajerdadsa pue arepuepy Js1epn 03D NN uonisod

(€ xipuaddy

A4




6¢¢

‘arepuey
1a1reph 03D NN ay1 suoddns Aoijod juswabeuew Jayem woys3 ayl

7610 10RdWOod[eqooUN MMM//-01y

"92UaN|IUI SeY 1l 818YM Seale Ul SuonNnjos AllIgeuleISnS 1ajem adueApe
0] uayeusapun sey 0S pue arepuely Jarepn 03D NN dYl pasiopus
/010 arepueliIalemMoad;/-dNny aney 1eyl saluedwod Uedlly YINoS JO Jaguinu [fews e Jo auo S| Woys3

Ipd-aInydolg o1epue|N/Sa|il/bio a1epuelllaTemMoad)/.dny

$S82In0Say :uonisod s,woxs3



©7°00°U03®)[[oJ1ILU 9A3]S WOJ} JI0BZ 08 NUIWU®SSaUjOyS WO}
1sanbal uo ajgejieAe sI aulBPIND 13S0 PUBISA 3U) JO UOISISA-g ayL

‘Bunjueq uonebniw puepam Buissaippe
9Ns SIyl uQ ez’ DIOIqUES MAWONY  “IgNVS

juswinoop e sl

's109lgns
palinbal ayl uo suawnoop Bulpuly ul BARdaYS SI ANjIoR) Yyoseas ayl
"8IS SIY] UO [eudlew JO 10| © S| 818y ez A0h JUSWUOIAUS MMM//:SANY
‘sireyy [eluswWuUOIIAUg 10 wawuedag

(0154

'S921JJ0 YA WoJ) paureiqo aq
p|noys uonewuolul arep-01-dn  oneIs 10U SI uonenls ayl 0s YAMN ayl
Bunuawsajdwi Aj@Anoe si YAQ  ‘S1oalgns palinbal ay) uo sjuswnoop
Buipuly ul aAndays sI ANjIoe) yoseas a8yl  AUS SIYl UuOo [eLLrew
J0 10| © Sl 81yl ez’ AObhemp MMM//:dNY “Sileyy Jalepn Jo uswuedaq

'800¢ ‘97103 pue X0
6002 ‘Buonswiy

S931N0SayYy

siapinoid ainjoniselju)

‘sjuawalinbal pue sainonas ol10ads si1 sey ‘lapinoid ABiaua [euoleu e se ‘woys3

*018 ‘SWiNIo- Japjoyaxels ‘(spreog uonebii) YAM ‘VIAD Bl Se Yans Sainjonis parepueiy ayl pue siuawedsq usWuIaA09)

slapinolid ainjonnseldu|

sJapinoid ainloniiseljul ayl gy ajgel

SH3AINOHd FHNLONTLSVHANI IHL ANV WOMNSH V'S




TEC

Alrenb) aalasal [eluswiuoliAuS 3Y] JO aleme ag

sjuswalinbal TN a3yl
JO swJa) ul paloalold are spuepam eyl ainsug

INM 841 Jo siuswaiinbal ay) pue spuepam
Jo areme ale |suuosiad Jayio eyl ainsu3j

S92BLINS pJey pue swep yse wolj youni
‘62 — jJuawyores syl ul Auenb isrem 199101d

sjuswaliinbal TN yim asuerdwo)

sainpadsoid Aouabiawe
pue 8dueusyulew  JO  UOISNOUl  BINSu3j

10®'JlU0I pue J101J3eaiuod 1o} abuely

S.V1NM J0 aseyd Juawssasse ysuaoedu
ayl Buunp Ayoselsaiy uonebniw 01 ssualoypy

(0]

SOUdM e

(0]

TNM e

98q uoddns Aressadau ay) 106 siebeuew
[EJUSWUOJIAUS  8)S-U0  Jeyl ainsuj o

Ww0YSs3 0] JueAs|al seale Juswabheuew
Jayem ay Jo yoea ul SOYM 8yl ol indul
ayew uadxa Janew 1a8lgns e ybnoayl o

SOHdM e

1uswabeuew pueom
0] yoeouddy poseg-ysid ® dojpasg o
suonesuoyiny
[elauas  ouyoads Ansnpu), dojpasg o
(ANM) @sud2I7 s Jo1ep e
(VIND) Aouaby uswabeuey uawyoe) e

slafeurw [2JUSLIUOIIAUS JO uonuane
ayl 01 ybnoiq 8g p|NOYS SIUSWNJOP UBAS|DY
‘Slliey)y Jarepn Jo Juswredaq ay) Jo a)sgam ay) uo
a|qe|rene ale saullapinb aonoeid 1saq Jo JaquNU Yy e

Yy
J9TeM [eUOleN "V

sanljgisuodsal a1s-uQ

sanigisuodsal 8211JO pesaH WoXs]

anss|

uolre|siBa pue A21j0d [euoieN — S8|NYy [UOIINIIISU|-[e100S

alnjonaiselu] aljgnd

SPUR|IBM UO SNJ0J e YlIM ‘321N0Sal Ja1em ay] Jo 1uswabeuew ay) Buiuiaauod uone|siba| pue Ao21jod [euoieN £y a|gel

F4NLONYLSVHANI D17dNd IHL ANV NOMSH G'g




(454

Aouaioiya reuonelado ainsu3g

901110 peay woJj asuepinb pue suonesloyine

Arenb Jarem uo sajid »20i1s [e02
pue swep yse wol} Buneulbuo sjosolse/ianew
alejnonted aulogie Jo 1oedwl Byl purisSiapun

1N0-ysem
pue 1no-|[e} Aip 01 anp Aljenb Jarem U0 SUOISSIWD

v Aurend
I _Hcmrcwm.mc.m_\/_
[eluawiuolinug

eAsal Aq paleiolp se suonoe padinbas juawsajdw Moels s,.woys3  Jo  Joedwi 8yl puelsiepun e [euoneN
suonesuoyine
Alessadau oyl Jo suonedydde ayr a1euIploo) e
‘BuipAoal pue asn-al ‘uonesiwiuIw
sojelado
‘Douepione 0} palejas sadnoeld 1seq 01 HWWOD
WoXS3 UYdIym UulyuM Ssjuswydied syl Sssoloe 10V 91SeM\
‘uonelado ay) Jo Wa1sAs Juswabeuew Aienb Jarem uo soedwi Buisiwiuiw  Agaseyl Juswabeuep
[EJUBWUOIIAUS  BYl Ol 382uadl  luswabeuew ‘pue| paleulWRUOD pue dlsem yum Bulesp [eluawuolIAug
dlsem Aue 01 palejal  suonipuod  arelodioou) uo saulepinb aonoeisd 31seq alesodiod ajIdwo) e [euoneN ge)
dN3 ©
vi3 o
suonesuoyine Aressassu ayl Jo) Al ddy dAN3 o
: . (VIN3N)
189S0 ‘arebniw ‘ploAy 0 viI3 o 1oy JusLaBeuely
¢pawswadwi suonesuoyine [eluawuolIAug

80 01 SIYyI SI MOy — Spuepam JO SSO| 1au ON

Alessadau oyl Jo suonedidde ayr areuiploo)d

[euonen g

sannoalqo
Alenb Jsrem 82inosal 8yl Jo aseme ag o

SOOMY 3y} ‘uonealisse|d
92Jnosal Areuiwnjeid sy pue (Anuenb pue

(soOMY) sanndalgo Aupenb ayem
9aInosal ayl pue (Amuenb pue Auenb)
9AIBSAI |RIUBWIUOIIAUS BY] JO Sslusawalinbal
awajdwi pue yum Adwoos 01 o|ge




€ee

‘sainpasoud
[elUSWUOIIAUS panocidde yum aull ul suop aq p|noys
aoueUBUR ‘Binonnsejul Jo adueualew Jadoild e

SaNss| aoueULlURW pue
Buiuued Jano sanuoyine ajgisuodsal yum asrer

(‘sreued ‘swep
‘s]gl) uoisinoid
Addns J1a1epy Y

sanljiqisuodsal 81Is-uQ

sanljiqisuodsal 821]J0O peaH WoXs3

anss|

ainioniselju] eaisAyd

alnjanJiselju] aljqnd

v
sal2ads paleIdosse puejiam Sealy  psaldaloid
01 Soaodueqinisip pue uonnjod se yons Juswabeue
suonelado 01 parejas sypedwl Arepuodas o [eluswiuoliAug
uonoNJISap pueamaelgeq o [BUOHEN pue
. . Yy  Ausianipolg
:01 9np Juswabeuey
seaJe g|gesauinA pue pajoaloid uo juldioo) Jarem [eluBWUOIIAUT
s1oedwl jo uswabeuew pue BULONUO) e S,WwoXs3 Jo 1oedwi aAlle|INWND 8yl pueiSIspun e [euonen
awibal mojy ay) Jo asuequnisip
01 anp savads uale JnoAe) ybiw uonoessqe
9[eas oabire; 01 anp suloned moj edibojolpAy (86T 10

soloads
ualle 01 abeiuenpe aAnnadwod e bBulpinoid pione
0] palelljiqeyal usag aAey Seale paginisip 1eyl ainsuy e

swelboud juswabeuew paam juswodw| e

Buibueys "6 ‘sjuswiydred ul ysunojl 01 saloads
SAISBAUl UBI[e MOje Jey) suonipuod jo Buneald
lo/pue uoisiadsip 8yl 01 paejal  suonelado
woxs3 Jo salnssaid pue SISALP 8y pueisiapun

€7 ON V) €867
0y  S9824n0SaYy

[einnoLby
JO  uOneAIBSUO)D




‘|JoAS] JUBWYDdYed 8y} Te pabeuew
aQq p|noys spedwi aAnleNWND  "JUNOJ2e OJUl UdXe]l ale SIasn Jaylo
Jo syoedwl ay) UBYM JusaWwydied 8yl Ul SaJIAISS WalSAs0da anenbe
pue 82JnN0Sal Jayem SAIR|NWND dY] Uo SIYl JO 109))8 8yl pue julidioo)
latem s,woxs3 Jo 1oedwi aAne|nwnd ay) Jo ateme ag :(£00Z Jo
/G 10V) 10V Sealy paldalold :Juswabeue|y [elJUSWIUOIIAUT [eUOBN pue
(7002 10 0T 10V) 19V Alsianipolg :Juswabeur|y [RIUSLIUOIIAUT [eUOEN

sa109ds aAIseAul
ualje Jo uoisiadsip pue uoneISajul 3yl JNoAR) Aew Ydlym Suoinipuod ayl
UO S3IIAIOE WOXST JO dduanjul 8yl Ajlreuoireu abeuew pue pueisiapun
:(£86T 10 £ ON 19V) £86T 19V S92IN0SayY [eIN)N2LIBY JO UoNBAISSUOD

"Yieay walsAsooda
pue [ewiue ‘uewny Buipnoul ‘S3S UBWYDIED Y} U0 SallIADE WOXST
woJj Buneulbuo sjosolse pue Janew arendied Jo 19edwi syl se |[om
S SUOISSIWAS JO IN0-ysem pue no-|[e} Aip ay) jo 10edwi ay) puelsiapun
(002 10 6€ 10V) 19V Alfen Jiy :Juswabeue [elUSWUOIAUT [eUOEN

vee

‘'suonesiioyine Aressadsau ay) Joj suonedijdde areulpioo)

‘Aressadau se |auuosiad alls-uo
Jo Buiureny apinoid pue sarelado WOXST YdIYyM UIYIM Sjuswydred ayl
ssouoe Aljenb Jarem uo s1oeduwi Buisiwiuiw Agalay) ‘pue| paleulwriuod
pue aisem yum Buijeap uo saulapinb aosnoelid 1saq arelodiod ajidwo)d
(8002 10 65 10V) 10V 91SeM\ luswabeuely [eRlUSWUOIIAUT [eUONEN

‘pasinbal
se dA3 pue v|3 ay Joj suonealdde Aressadsau ay) areulplood :wv3ad

‘'sjuswalinbal waa yum Aidwods 01 ajge aq 01 ‘Buiuren Buipnjoul
‘uoddns Aressadau ay 106 siabeuew [elUSWUOIIAUS BY] Teyl ainsug

‘Ajreuoneu yiom 01 3|ge si oym uadxa Janew 12algns e ybnoiyl suop
a8q Aew sIyl ‘weAsjal asaym sainpadsold YAAG dyl olul indul aAI9

"slabeuew [elUSWUOIIAUS
JO uonuane ayl o} WBNoIg aq PINOYS SIUSWNIOP JUBASIDY SlISOam
VMAd 8yl uo saulspinb aonoeld 1saq Jo Jaquinu e ale alvyl vAMAd

sanljigisuodsal 821}JO pesH WoXs]

uole|sifa pue A21j0d [euoIleN — Sa|ny [euolIN}IISU|-[e100S

aimonJiselu] allgnd

saln|re} ainonnseiul
0] puodsal 01 Uu8a3el 8Qq UBD UONdoe dleIpawWWI
eyl ainsua 0] (spuepam ybnouyr sadid isyem
‘6'8) @in1onSelul JO duRUBUIRW BY) 10} Sainpadoid
apnjoul pjnoys suoneoljddy a2uadl] asn Jea1ep\ ainingd e




Jpd 219]dW00T0]0A/SIUBINI0P/INAY/8Z AOD JeMp MMM//-dny — SDHUM
"¥TOZ ‘SMA pue [gNVS

.S901N0SvYy

‘paloaye ale spueiam alaym Ajeioadsa ‘ainjoniselyul res pue peol Jo
3oURUSIUIRW PUB UONINJISUOD 3yl UO sanuoyine uodsuen yum asrer

"suonels Jamod 0] Jarem BulisAllBp ainonnseIUl 8Y) JO sourUSURW
pue Buuueld 8yl JaA0 sanuoyine 3jqisuodsal 8yl yum asier

sanligisuodsal 8211JO pesaH WoXs]
ainmonJisedu| [eaisAyd

2.injoniiselju] alignd

QUEIAS
apIM-1uawydled e olul pa) aq Aew awwelboid Bulloyuow ay) Jo SyNsal
ay1 ‘o|qissod asayp  Buisned ase saniAnoe woxs3 eyl 1oedwn ayl
alnseaw AjaAnoaya |Im eyl walsAs Bunolnuow e uswadw| :(£002Z 10
/G 10V) 10V Sealy paldaloid :Juswabeuey [eluswuodAug [eUOBN pue
(00Z 10 0T 19V) 10V Alsianipolg :Juswabeur| [eIUSWUOIIAUT [eUOEN

"UOIRIBPISUOI Japun eale ay) 01 snouabipul uonelaban Buisn
palelljiqeyal ale seale paginisip 1eyl aiNsua 0] ag P|NOYS UONUSAIBIUI
Siy1 Jo ued v  'spuepspn Jo) Bupjopn pue Ja1epn Jol Buppopn
yum uonsunfuod ul sswwesboud juswabeuew aniseaul ualje Juswajduw|
:(£86T 10 £ ON 19V) £86T 19V S92IN0SayY [eIN)N21IBY JO UoNBAISSUOD

174

‘91qissod
a1aym uonesado jo Aouaioys Buunsua ‘@d1o peay woly asuepinb ayl
Se ||]am se suolesuoyine jueas|al Aq palinbal suonoe ayl uswajdw
(#7002 10 6€ 19V) 10V Anfend 4y :Juswabeuely [elUBWUOIIAUT [euoleN

‘saullapinb woxs3 ayl ul INo pre|
se ‘BuljpAdal pue asn-al ‘uonesiWIuIW ‘9IuUepIoAR 31SeM o) adnoeid
1S3Q a1 uo paseq sainpasold Buneiado prepuels areldoidde dojanag

"uoIRIBPISUOD Japun
dlIS 3yl JO walSAs juswabeuew [LIUSWUOIIAUS BY) Oul parelodiodul
Qg p|Noys suoneslioyine/sasuadl| juswabeuew ai1sem JO SUONIpUOD
(8002 10 65 10V) 10V 91SeM\ ludwabeuely [RlUSWUOIIAUT [eUONEN

‘palinbal ag Aew se aoe|d ul ale N3 pue V|3 eyl ainsug

‘PaIBPISUOI 8] 18SHO0
ue [|IMm L0S3l 1se| B sk Ajuo pue parebiniw aq pjnoys s1oeduwi ajqissod
JOoU SI SIY} BI8YAM\ "POpPIOAR 8q pinoys spuejiam uo Bunoedwi saniAnoe
9|qIssod aI1ayM\ “Spuelam JO SSO| 18U OU 8 pinoys alayl ‘Ajresp| v3aa

"9say] yum Ajdwod
pue sOO(M)Y 8yl 10 aleme ag p|noys Jabeuew [elUBWUOIIAUS BY |

"ooureuaurew Buuinbal als e 0] ssadde pidel wiad 01 N3 ue yum
1ay1abo) 1uswpuawe Jo) Ajdde 01 ajgesiape sI 1 uayl ade|d ul Apeale
SI JN/M B 81aym ased u| ‘puejiom e ul asue sjuswalinbal aoueusjurew
usym JNM Mau e Jo) Aldde o1 Buiney pioae 01 spuepam 0] Aldde
Aayl se sainpasosd Adusbiswa pue asueusueRW SapNPUl VINM
ay1 1eyr weuodwi si] ‘padojaasp ag 01 Y 1NM 3yl 1o} abuelly WG

sanljiqisuodsal 811s-uQ



5.6 USING THE FRAMEWORKS

The information contained in Table 36 to Table 40 (The resource), Table 41 (The resource
users), Table 42(The Infrastructure providers) and Table 43 (The public infrastructure;)
provides guidance into the contribution that Eskom may make to the sustainable planning
and management of a socio-ecological system (SES), be it catchment-wide or confined to a
more limited area.

Notes on populating the Framework

Define the boundaries of the SES which is to be assessed. This may be a single wetland, a
sub-catchment or it may be a larger area.

Once the system has been bounded, then the resource should be defined in terms of the
ecosystem services provided by the wetlands within the bounded area. Those services
either used by Eskom or which Eskom’s activities can influence need to be noted.

The resource users in the SES need to be identified. The public infrastructure providers
make the rules which govern the resource users. A point to be noted is the opportunity for
input by the resource users to the governance process.

The public infrastructure consists of two components. The social-institutional rules (laws
and conventions) may be mandated by government departments or stakeholder
organisations (such as the Olifants River Forum). The physical infrastructure consists of the
IBTs, dams, canals and other physical infrastructure related, in this case, to water supply
and distribution. Both components of the public infrastructure need to be identified.

Having identified the component parts of the SES the relationships between them may be
defined.

The quantity of ecosystem services that can be provided by an ecosystem is finite, but the
services may be distributed in different ways. Thus, increasing the use of some services will
decrease the availability of others. The questions probing the relationship between the
resource and its users (Arrow 1) will highlight these options and provide some insight into
which services are more important within the SES under consideration. While the public
infrastructure may alter the resource (Arrow 4) and impact the resource users directly
(Arrow 6), the relationship between the resource and resource users is influenced by the
way in which the public infrastructure is managed (Arrow 5).

The role played by Eskom should be noted for each part of the framework. From this it will
be possible to assess the role of Eskom within the SES being assessed and to see how this
may be changed as required.
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Figure 37: An overview of the steps involved in using the Framework
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5.7 CASE STUDY: POPULATING THE ANDERIES FRAMEWORK FOR MATLA PS
AND ESKOM

Introduction

The Anderies framework (Figure 38) has been used in order to identify and link all the
activities within a social ecological system (SES). This framework will enable users to locate
themselves within the web of relationships of a SES and so understand the role(s) that they
play in the efficient functioning of the SES. This case study has been developed as a desk-
top exercise to illustrate how the Anderies framework (Figure 38) and the MEA framework
(Figure 39) may be used to locate an entity (in this case the wetlands on Matla Power
Station property and Eskom) in the SES within which in operates.

Figure 38: The Anderies Framework

Figure 39: The Millennium Ecosystem Assessment Framework

Documents used in this study

The following documents from this project have been used to provide the basic material for
this case study:

1. Chapter 3 — Sustainable Environmental planning framework with a catchment
perspective (Operational stage).

2. Chapter 4 — Reports of selected case studies where the robustness of the
environmental conservation framework was tested — Wetland management plan for
Matla Power Station.
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3. Chapter 5 — the interactions described in the earlier sections of this chapter. It
should be recognised that while some of the responsibilities will apply to all Eskom
properties, others will be site specific.

The primary focus of this case study is on wetlands with a secondary focus on the water
resource. The resource is defined in terms of the ecosystem services (ES) that are
delivering benefits to the SES as bounded below. The level of detail for the Matla PS is
much higher than that for the surrounding SES.

A full study would require on-the-ground knowledge of the SES at a sufficient level to assess
the relative influences of the wetlands on the SES. This case study has been done without
communication with the stakeholders of the wider SES and is given as an example only.

Summary of findings of the case studies

Defining the boundary of Matla Power Station

Matla Power Station is bounded by quaternary catchments B11E and B11D as shown in
Figure. Key points of the report are summarised below.

A23D A23A
250 B1K B11J B16D
Kusile Power Station JB20G
*
8200 B20F
AE B20B
B11B
B20A
Kriel Power Station |
( Matla Power Station B1A
C22D
C22E
C11H
c21c
poF
: L 3
| Grootvlei Power Stat igq2k
% c126

Figure 40: The primary and quaternary catchment associated with Matla PS and the
neighbouring power stations

Matla PS is situated at the very top of the Olifants catchment close to the watershed
between the Olifants and the Vaal (Figure 40). Runoff from Matla drains into the Rietspruit,
a tributary of the Steenkoolspruit which in turn drains into the Olifants River upstream of
Witbank Dam.

In this area, the main socio-economy activities are 2 Power stations (Matla and Kriel), open-
cast coal mines, urbanisation and agriculture (taken from Google Earth imagery).
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Figure 41: Images associated with Matla PS with reference to the National Wetland Inventory
(SANBI, 2013)

Figure 41A. Wetlands on the Matla Power Station property with the NFEPA overlay.
Figure 41B. Wetlands on the Matla Power Station property without the NFEPA overlay

Wetlands of Matla PS and the SES

Table 44: Respective sizes of associated quaternary catchment and Matla PS

Catchment Size (km?) Total size (km?)
B11D 551 1017.7

B11E 466.7

Matla 39

240



Table 45: Surface area of wetlands in the SES and on the Matla property

Wetland category

Area in SES (km?)

Area on Matla (km?)

Natural wetlands

Channelled Valley bottom 47.81

Depression 5.71 1.54
Flat 11.79 0.47
Floodplain wetland 45.26

Seep 22.41 0.4
Unchannelled valley bottom 2.08 0.39
Valleyhead seep 0.88 0.01
Total 135.94 2.81
Artificial wetlands

Unchannelled valley-bottom wetland 0.91 0.06
Seep 4.22 0.23
Floodplain wetland 1.70

Flat 1.44 0.15
Channelled valley-bottom wetland 4.46 0.07
Total 12.73 0.51
Wetlands as a percentage of the total area 14.61 8.51

The bar chart (Figure 42) compares the distribution of the various wetland types between the
Matla PS and the SES. The Matla PS is in the Olifants River basin close to the watershed
with the Vaal River basin. The SES includes some larger drainage lines which accounts for
the differences in occurrence as the floodplains and channelled valley bottom wetlands tend
to occur on the larger drainage lines while depressions (or pans) occur only where the

gradient is less than 1% (i.e. areas that are almost level).

This clearly illustrates the

importance of the upper catchment area in providing the depressions and unchannelled

valley bottom wetlands.
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Figure 42: A comparison of relative wetland surface area between the Matla PS property and
the SES (Quaternary catchment B11D and B11E)

Note for Figure 42: Matla surface area — Area of the wetland type which occurs on Matla
PS property; Matla % — The percentage of the total area of the particular type of wetland (for
the SES) occurring on Matla property; Catchment surface area — the total area of the
wetland type occurring in the SES.

The different types of wetlands offer different levels of ecosystem services, and wetlands in
healthy condition provide more benefits than those in poor condition. For a brief description
of 17 common ecosystem services see Appendix A to this document.

The population of the framework below is guided by the questions as given in Appendix B of
this document.

Populating the Frameworks

This section needs to be developed in conjunction with the list of questions which give
guidance on what should be considered during the population of each section of the
framework. Figure 43 illustrates possible areas where Eskom may become involved in the
Framework with specific reference to Matla PS where relevant.
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Box A — The resource

The resource on Matla property is wetlands. The area of wetlands is small compared to the
area in the SES, but the uniqueness is that large percentages of unchannelled valley bottom
and depression wetlands in the SES occur on the Matla property. Unchannelled valley
bottom wetlands are very effective in removing pollutants and nutrients from the water, as
well as in the moderation of extreme events especially flood attenuation, as water does not
pass through these wetlands rapidly and is released more slowly over a period after high
flow. These wetlands, apart from the depressions, are part of the larger Olifants River
system. The ES of improved water quality and flood attenuation benefit all users in the SES.

The status of the resource is not known.

Eskom'’s role in the SES is the conservation of wetlands important for the maintenance of
good water quality as well as the moderation of extreme events in the SES.

Box B — The resource users

The ES are used by all residents in the SES. Flood attenuation benefits water quality, soil
fertility, agriculture, urban and mining investments. The influence of the IBT from the Vaal
should be taken into consideration at this point.

Eskom has a dual role in the SES, that of the conservator of ecological infrastructure and
that of a beneficiary of the ES.

Box C — Public infrastructure providers

National government departments are largely responsible for governing resource use in the
SES, although local government has the important role of maintaining environmental quality
in their areas of jurisdiction. Large industries such as Eskom and the mining houses also
play a role through their in-house policies on resource management. An important role that
large industries can play is that of advocacy to ensure that the wetlands and water resource
in the catchment are managed sustainably.

The role of Eskom in this section is, in part, conservation of the resources on Eskom
property. It could also address the activities in the supply chain to ensure that their activities
considered the sustainability of their operations. Eskom is also in a strong position to
provide advocacy to national and local government to ensure that the wider catchment is
maintained in the desired condition.

Box D — Public infrastructure

Institutional

Wetland and water users and those whose activities impact on wetlands need to be aware of
the various pieces of legislation with which they need to comply.

From the Eskom point of view Kusile PS has had to work closely with the relevant legislation
and policies and the Kusile Power Station Wetland Management Strategy (Harris et al.,
2013; Document No. MTPB-ESK031-0013) gives guidance in this regard (See Section 8.4
and Table 10 of the document title ‘Report on the outcome of testing the sustainable
environmental planning framework within a catchment perspective’).
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Physical infrastructure

The category ‘Physical infrastructure’ covers such infrastructure as dams, canals and
pipelines. These may be on- or off-site and may serve one or more users. The physical
infrastructure should be maintained in good condition to keep water loss at a minimum.

The role that Eskom could play is to ensure compliance with the institutional infrastructure as
well as to ensure compliance of the organisations in its supply chain with relevant
institutions. Eskom could also ensure that physical water supply infrastructure is maintained
in good condition.

A point that has come to the fore with PS that have been operating since before the
enforcement of the current legislation is that the water use License (WUL) for any
infrastructure should include a clause permitting the repair of infrastructure without the
necessity of re-applying for permission to do so. This will ensure that emergencies can be
dealt with immediately.

Arrow 1 — The relationship between the users and the resource

Who else, apart from Eskom, is using the resource? In situations where an inter-basin
transfer of water is occurring, users in the donor basin should also be considered. Where
the resource use has changed over time, this needs to be assessed in the light of possible
changes to priorities in resource use. The rights of the various users need to be considered.

In the case of Eskom the wetlands on the Matla site are not used by Matla PS to any great
extent, but provide ES to other users in the basin. It is required by the legislation that these
be conserved.

Arrow 2 — The relationship between users and public infrastructure providers

Do the users (Eskom included) play a role in the decision-making on the use of wetlands and
the water resource on Matla PS? If not, how are the rules made?

In Eskom’s place, is there opportunity for Eskom to get involved in the activities of the
Catchment Management Agency or other forums where wetland and water resource use is
discussed/decided?

Arrow 3 — The relationship between public infrastructure providers and public infrastructure

Eskom could monitor the performance of infrastructure on which it depends and ensure its
maintenance as necessary. Where possible, Eskom may get involved in the governance of
the river basin, so having the opportunity to make input into the rules governing the service
delivery.

Arrow 4 — The relationship between public infrastructure and the resource

The monitoring programme should be designed in such a way as to be able to measure
changes in the resource that could result from the rules and physical infrastructure. This
data may then feed back into the governance system with a view to optimising the system.

Arrow 5 and 6 — The relationship between public infrastructure, and the resource and the
users

Are the rules of use fair to all users? If they are not, then how may the situation be
addressed.

245



Eskom, as a major stakeholder in the catchments where it is active, may be able to lead the
way in optimising the management of wetlands and the water resource, guiding the
development of new rules where necessary for improved wetland and water resource
management.

Arrows 7 and 8 — The impact of external driving forces on any component or any relationship
within the system

The risks of external factors such as floods and droughts or climate change in the longer
term (Arrow 7) or a downturn of the economy (Arrow 8) to activities within the catchment
need to be taken into account, and a role that Eskom might play in this situation would be to
lead the planning of contingencies to cope with these risks.

5.8 CONCLUSIONS

Eskom Holdings makes an absolutely critical contribution to the socio-economy of South and
southern Africa. The footprint of Eskom’s generation and transmission infrastructure covers
the entire country. Eskom is the largest single industrial water user, accounting for in the
order of 1.5% of the total South African water consumption
(http://wvww.eskom.co.za/OurCompany/SustainableDevelopment/Pages/Reduction_In_Water
_Consumption.aspx). Through mechanisms such as the inter-basin transfer of water, the
geographical extent of the water footprint is much greater than just the river basins in which
power stations are sited. In addition, atmospheric circulation spreads the impact of the coal-
fired power stations on air quality beyond the catchments in which the power-generating
infrastructure is sited. Although Eskom anticipates that its water use will increase in coming
years as a result of increasing demand, it is committed to reducing the volume of water
required for power generation per kWh. Eskom aims to bring down water consumption per
unit of electricity produced from the current 1.35 litres per kWh to 0.99 litres per kWh in
2030, representing a reduction of approximately 26%.

Eskom is signatory to the UN CEO Water Mandate and this document seeks to clarify how
the commitment to use water more efficaciously may be implemented within the Holdings
and within the wider socio-economic community with which it interacts. In Table 36 to Table
43 above, the document indicates how Eskom head office may provide structure to their pro-
active leadership both within the Holdings and in its interactions with the other water users in
the river basin active in the conservation and sustainable management of natural resources
as well as water conservation and demand management. This will sanction the activities of
the environmental personnel on site in the performance of their duties.

This document provides some insight into how Eskom may mesh its activities with other
water users in order to improve, or at least maintain, the quality of the ecosystem services
that the ecological infrastructure provides to the socio-economy. Two frameworks are
provided in order to do this, and guidance is given on how to determine how Eskom’s
activities fit into the frameworks as well as how to determine how the activities of the other
users fit into the frameworks. This enables planners to take account of the needs of all the
users in the river basins under consideration.

The water shortages projected for the country (NWRS 2, 2012) demand that South Africa
implements water conservation and demand management interventions. Eskom has set the
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ambitious target of reducing water us to 1.201 £ kWh™ by 2017. As a large user of water the
strict management of its water use will contribute to national water savings.
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6 FUTURE RESEARCH NEEDS WITHIN THE WATER-ENERGY NEXUS
With recommendations for further research within the green economy
context, including impacts of and adaptation to climate change

6.1 FUTURE RESEARCH

Introduction

As described in the Introduction to this report (Chapter 1), the water supply crisis is ranked
amongst the top five global risks both in terms of its likelihood to happen as well as its
impact by the World Economic Forum 2013 report. Global freshwater demand is projected
to exceed current supply by 40% by 2030. To quote the WWF (2014), ‘South Africa is a
chronically water stressed country with huge economic development pressures and social
upliftment challenges.

The Johnson Foundation (Johnson, 2014) report covers the result of a think tank which
involved 400 water professionals and experts over a six year period to review the freshwater
situation in the United States of America in recognition of the fact that ‘without significant
changes, existing water systems will soon no longer be able to provide the services that
citizens have come to expect’. They developed the following guiding principles for the future
of US freshwater resources:

e Forge partnerships and collaborate to solve problems
e Develop integrated solutions

¢ Incentivise and promote innovation

¢ Highlight multiple benefits

¢ Recognise the value of water

¢ Plan for adaptation to and mitigation of climate change impacts
e Balance human and environmental needs

¢ Design infrastructure to restore ecosystem function

e Prioritize local water sources

¢ Redefine “waste” as valuable resources

¢ Right-size water systems and services

e Tap into sustainable financing streams

e Ensure accountability.

Within these guiding principles there are five key areas of recommendations changes or
improvements need to be made to ensure sustainability of freshwater:

1. Optimize the use of available water supplies

2. Transition to next-generation wastewater systems

3. Integrate the management of water, energy and food production
4. |Institutionalize the value of water

5. Create integrated utilities.

Each of these key areas has a number of subsections outlining actions which will contribute
to the sustainability of water resources.
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These guiding principles and key areas apply equally well to the South African situation.
Where appropriate for Eskom, the guiding principles and key areas for change have been
included in the recommendations for future research below.

¢ National Water Resource Strategy (NWRS) 2

South Africa’s water scarcity creates the imperative for increasing the efficiency of water
use. Eskom is proactive in this and, in addition to being signatory to the UN CEO Water
Mandate, has formed water management task teams to improve the efficiency of water
usage. The current target for water use, utility-wide, is 1.32 £ kWh™. The target set for 2017
is 1.20 £ kWh™ (Divisional Report Key indicators, 2012). This target puts pressure on Eskom
Holdings to implement effective water conservation and water demand management across
all their activities. However, dry cooling power stations use considerably less water, with
Matimba Power Station, the largest dry-cooled power station in the world, using 0.1 £ kWh™,
Medupi PS and Kusile PS will both use dry-cooling technology. In the face of climate
change projections, the imperative to increase the efficiency of water use may be a higher
priority than is accorded by these figures.

Eskom is a strategic water user, but this does not absolve Eskom Holdings from using water
responsibly. The NWRS 2 (2012) recognises the cardinal role of water in the South African
socio-ecological system and has articulated a number of core strategies as given in Text Box
1. All of these are relevant to Eskom’s business. It should be noted that both water quality
and water quantity are seen as critically important for the sustainable growth of the country
as proposed in the National Development Plan and the New Growth Plan.

Text Box 1
Core strategies (NWRS 2, 2012)
1. Implementation of Equity Policy;
Putting water at the centre of integrated development planning and decision-making;
Ensuring water for equitable growth and development;
Contributing to a just and equitable South Africa;

Prioritising and ensuring the implementation of water conservation and demand management;

o g M w N

Optimizing and stretching of our available water resources (groundwater, water re-use,
desalination (including seawater), water systems optimization and rainwater harvesting);

~

Committing to the protection of our water resources and ecosystems;
8. Achieving effective and smarter water governance;

9. Embedding sustainable business principles and practices in water resources and systems
management;

10. Implementing a water sector investment framework for infrastructure, human resource
capacity and institutions;

11. Engaging the private and water use sectors.
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Collectively, wetlands in a catchment can have a positive impact on water quality, with the
degree of impact varying with the type of wetland. Bullock & Acreman (2003), in a review of
published results from 439 wetlands in 169 studies found that while wetlands had a strong
influence on the hydrology of the drainage, the actual effect depended on factors such as the
type of wetland and its position in the drainage line.

The extent of wetland surface area required to maintain or improve water quality in a
catchment is dependent on a large number of variables, such as:

a) The nature of the water quality problems experienced in the catchment
b) The hydro-geomorphic position of wetlands in the landscape
c) The relative position of wetlands with reference to any pollution sources in a catchment.

The Resource Quality Objectives set for a catchment can also provide further guidance as to
the critical extent of wetland surface area that will be required. It is acknowledged that at this
stage, the matter of required wetland surface area vs. catchment surface area with respect
to the delivery of ecosystem services is “blue sky” and that each catchment being unique
and dynamic, will require dedicated studies.

An observation of the levels of development in a catchment as well as the temporal and
spatial nature of water quality constituents is an important starting point. Should any of the
aforementioned criteria have a significant negative trend, a joint investigation with suitable
stakeholders should be undertaken to determine the optimal wetland surface area, wetland
types as well as levels of wetland health that will be required to sustain or improve water
resource quality in a catchment.

A useful method in this regard is to link wetland health and the provision of ecosystem
services to national land cover change data sets, which are readily available. Land cover is
used as an indicator of impacts on hydrological functioning and through consulting numerical
metrics predefined by Ellery et al., loss of wetland functionality can be deduced. Using
coarse-resolution land cover categories as a basis to assess impacts to wetlands is a very
basic tool, however given the broad scale at which it will be applied, it will generally be
sufficiently accurate for the purpose of strategic assessments (Ellery et al., 2009).

The matter of surface water pollution is by default a critical issue in catchments such as the
Upper Olifants, Inkomati and Upper Vaal, given the extent of both point and non-point
sources of pollution. Mitch and Gosselink (2000) stated that on average at least 5% of
temperate-zone watersheds should consist of wetlands in order to optimise ecosystem
services derived from wetlands (This figure will vary, however, depending on wetland type,
catchment characteristics and water resource objectives). Palmer et al. (2002) estimated
that 9.9% of land surface of the upper Olifants (Mpumalanga) is covered by wetlands.
Bullock and Acreman (2003) state that, globally, wetlands cover about 6% of the land
surface.

Whilst several authors have indicated the importance of the integration of wetlands into
catchment planning (see, for instance, Dickens et al., 2003), an explicit methodology linking
the Resource Directed Measures (RDM) or Resource Quality Objectives (RQO) to a
percentage of wetland surface area in a catchment is largely lacking. The same can be said
of other ecosystem services provided by wetlands, such as flood attenuation in urban
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catchments with extensive hard surfaces that have replaced permeable surfaces for ground
water infiltration.

A range of land cover classes based on the National Land Cover database for South Africa
have been identified with respect to their impacts on water inputs to, and retention of water
within, wetlands. If present in the catchment, these land cover classes can either increase or
decrease water inputs to a wetland, or if present in a wetland itself, they can increase direct
water losses from the wetland, reduce surface roughness, impede the flow of water in a
wetland or enhance the flow of water in a wetland. The effect of each category of land cover
change from the natural condition on each of these parameters has been assigned an
intensity of impact score. The loss of function metric (Ellery et al., 2009) describes the
relationship between the magnitude of impact score and wetland functionality for a total of 6
ecosystem services: flood attenuation, stream-flow regulation, sediment trapping, nitrogen
removal, phosphate removal and toxicant removal. The authors determined numerical
relationships between intensity of impact scores and impact on wetland services which are
consulted in order to determine the loss of function metric.

6.2 IDENTIFICATION OF FUTURE RESEARCH NEEDS

It has been said there are two ways to achieve change — through crisis or
through leadership. Freshwater is too important to our ecosystems,
communities and national security to wait for a crisis.

Johnson Foundation, 2014

Gone are the days when individual economic sectors could plan their developments in
isolation from other sectors. Pressure on the resources has reached the point where the use
by one activity will impact on the availability of the resource to others.

There is a need to investigate ways in which economic growth may be decoupled, at least
partially, from resource availability.

In recognition of the projected water shortages in the USA the Johnson Foundation
convened a series of working conferences in which they brainstormed the challenges facing
the social-ecological system and how these may be addressed. The report lists a number of
guiding principles as well as a number of specific recommendations (Text box 2). It would
be worthwhile for South Africa to benchmark against these principles and recommendations.
The legislation and the institutions are in place but the implementation is not yet complete.

Text box 2

Recommendations to catalyse change and Key Ideas for improving water management (Johnson
Foundation, 2014)

Each of these recommendations to catalyse change and key ideas is described in detail in the
Johnson (2014) report.

1. Optimize the use of available water supplies

a. Increase the Efficiency of Water Distribution Systems
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b. Establish Water Rates and Other Fees that Drive Conservation and Efficiency
c. Implement Policies and Programs to Stimulate Efficient Water Use
d. Expand Adoption of Water-Wise Agricultural Practices

e. Diversify Supply Portfolios with underused Water Sources
f. Reclaim and Reuse Water from Wastewater
g. Match the Right Quality Water to the Right Use
2. Transition to next-generation wastewater systems
a. Prevent Clear Water from Entering Sewer Systems
b. Complement Centralized Wastewater Infrastructure with Distributed Systems
c. Maximize Resource Removal and Recovery from Wastewater
d. Develop Energy-Positive Wastewater Treatment Facilities
3. Integrate the management of water, energy and food production
a. Improve Energy Management at Water and Wastewater Utilities
b. Prioritize Water-Smart Electric Power
c. Recover nutrients and energy from agriculture
d. Plan for sustainable rural water supplies
4. |Institutionalise the value of water

a. Tap New Sources of Capital and Use Innovative Financing Mechanisms for
Infrastructure Upgrades

b. Institute Sustainable Pricing for Water Services
c. Leverage Market Mechanisms to Account for the Value of Ecosystem Services
d. Create a Culture in Which Water Services Are Highly Valued
5. Create integrated utilities
a. Create New Design Principles and Evaluation Criteria
b. Transform Utilities from Service Providers into Resource Managers

Develop New Business Models and Regulatory Schemes

o

d. Cultivate Resource Management Partners and Customers of the Future

Some of the ideas below will require new research, others will require the repackaging (data
mining) of existing research and presentation in a way that enables their implementation.
Both of these are valid. Again, some of the research needs presented below would be
implemented within Eskom while others will entail Eskom working with other stakeholders.
Although the ideas have been listed and introduced separately, it may well be pragmatic to
combine some of them.
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6.3 ON ESKOM PROPERTY

The role of ecological infrastructure

What is the actual and potential role that ecological infrastructure can play in supporting,
enhancing and sustaining Eskom’s built infrastructure for energy generation? Such an
approach should look all the way along the supply chain. Water quality is one aspect,
together with topics such as the impact of sediment on hydropower generation, the
management of servitudes, etc. The costs and benefits of maintaining ecological
infrastructure and the potential costs of not addressing the risks posed by degraded
ecological infrastructure should form part of the study. This study should consider how
maintaining ecological infrastructure can contribute to the transition to a green economy.

Soil carbon

Wetlands are important agents of carbon sequestration. As an example, carbon
sequestration is one ecosystem service provided by wetlands and Euliss et al. (2006) found
that wetlands in the prairie regions of North America sequestered twice the carbon as no-till
cropland on 17% of the area. Also, carbon may be released when wetlands are disturbed.
Eskom’s emissions account for nearly half South Africa’s total carbon emissions. The role of
South African wetlands in carbon sequestration is not known, although international literature
informs us that it is important, with peatlands being the most important of all.

The need is for knowledge of the carbon content of wetland soils on Eskom sites, and how
this needs to be managed so that the sequestration capacity is improved, not lost.

The benefits and costs of rehabilitation

Ecological restoration is becoming regarded as a major strategy for increasing the provision
of ecosystem services as well as reversing biodiversity losses and the benefits of restoration
can outweigh the costs (Bullock et al., 2011).

What are the benefits and costs of rehabilitation/restoration of wetlands, and is there a case
for making the rehabilitation/restoration of wetlands (and the wider environment) not
negotiable?

(I ask this question because a common response to the need to rehabilitate environmental
impacts (including treating waste before discharge to the environment) is that it is not cost
effective).

Impacts on Ramsar sites

Eskom has a national footprint. Most of the coal-fired power stations are situated on the
Mpumalanga Highveld, but the distribution system is national, with approximately 30 000 km
of power line servitudes as well as strategically placed substations. The most efficacious
route for the servitudes to follow is the direct route. This means that servitudes will cross
any rivers or wetlands that may lie in their path.
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South Africa has 21 Ramsar sites totalling 554 136 ha (2014). South Africa’'s policy
regarding development in or around wetlands is firstly to avoid impacts, secondly, to mitigate
impacts and thirdly, to offset impacts where either of options 1 or 2 are unachievable. The
Ramsar Convention offers a number of guidelines on wetland management and the
management of impacts.

Best practice guidelines need to be developed for addressing this situation when and where
it arises. These guidelines should consider both the requirements of the Ramsar Convention
and the national policy and legislation.

Consideration of possible future changes in wetland or water policy and legislation

Water policy, legislation and management is dynamic and evolving. In relation to wetlands
there are currently WRC projects that are potentially leading into ways of managing the
challenges that we recognise. The projects K5/2200 (Development of a methodology to
determine the appropriate buffer zone width and type for developments associated with
wetlands, watercourses and estuaries (Short Title: Wetland Buffer Zones)), K5/2269
(Development of a national wetland monitoring programme (Phase 1)) and K5/2281
(Develop and test a landscape-based multidisciplinary and multi-sectoral decision support
system to support Integrated Water Resource Management in Mpumalanga), amongst
others, are likely to influence the way wetlands and water are managed, and these new
ideas will need to be actioned in a way that is practical and will achieve the desired end as
efficiently as possible.

In terms of national instruments for managing water the progressive implementation of, for
example, the environmental reserve and the waste discharge charge system are likely to
influence Eskom activities.

Research will foresee the challenges that need to be addressed and develop methods to
address these. These ideas will, however, need to be developed into ways in which they
can be practically applied by resource users.

There is a need to conduct a strategic review of the challenges in water resource
management as these affect Eskom. This would include a review of the research needs and
the ongoing research that is addressing these needs. It should also take the identified
needs to a point that addresses implementation challenges within Eskom and the social-
ecological system.

Eskom water strategy

Eskom’s water strategy outlines the planned reduction of the volume of water to generate 1
kW of electricity from 1.32 £ kWh™ in 2012 to 1.20 £ kWh™ in 2017 (Divisional Report Key
indicators, 2012). In addition, the Water Management Policy states that all coal-fired power
stations shall comply with the Zero Liquid Effluent Discharge (ZLED) policy.

There are two aspects to this research need. The first is the on-going improvement of on-
site water conservation and water demand management and the second is the treatment
and reuse of effluents. While both of these are already embedded in Eskom policy, the
refinement and implementation of the activities to achieve these two goals should be
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addressed. As the dynamics of each power station differ, this will require the development
of generic as well as site-specific guidelines.

Water conservation and demand management

Water conservation and demand management was a priority strategy in the NWRS (2004)
and in the NWRS 2 (2012) its importance has been elevated to one of the core strategies of
water management policy. There needs to be an on-going drive to improve water
conservation and demand management. This drive will start with a thorough audit of water
use on site at power stations as well as in the supply chain and will then need to examine
methods and behaviours that could or should be changed and how these changes may be
brought about cost-effectively. The priority would be the areas of the power generating
process where a lot of water is used such as the selective catalytic reducing process (SCR)
or flue gas desulphurization.

Improvements in water conservation and demand management would both help Eskom to
achieve the aim of reducing the volume of water per unit of electricity generated and would
also free up more water for growth, development and the environment.

Wetland responsibilities on mines

The responsibilities of mines with regard to wetlands should comply with national policy and
legislation. However, more than this, in the past it has been the practice to mine opencast in
the bottom of valleys, as the coal seams are closer to the surface at these localities. With
the new emphasis on wetland conservation, this practice should change. In addition, the
DEA, the DMR, the Chamber of Mines and SANBI have published the Mining and
Biodiversity Guideline (2013).

The various sources of knowledge need to be brought together into a single guideline
document that is accessible and useable by environmental staff on site while at the same
time providing guidance to policy formation to the Eskom policy makers.

Procurement chain of Eskom-owned mines

The increasingly rigorous implementation of water and environmental legislation at national
and provincial level makes it important that Eskom, mining houses and other activities that
take place in the landscape are aware of their allocated responsibilities.

Guidelines need to be developed which address these allocated responsibilities in a way that
will enable planners and decision makers to understand how enacting these responsibilities
will influence the on-the-ground operation of, for instance, operational imperatives,
purchasing agreements and the environmental assurances that are required by the policy
and legislation. This should be developed in such a way as to enable the planners and
decision makers to gauge the funding requirements of addressing the increasingly rigorous
implementation of water and environmental legislation.
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New agreements with mines

New agreements with mines should use the Eskom Project Life Cycle Model (PLCM). The
Wetland Management Framework (Deliverable 3 of this project) may then be implemented
within the PLCM.

There is place for guidelines on how wetlands, water and environmental management issues
should be addressed in new agreements with mines. The format followed by the recently
published ‘Mining and Biodiversity Guideline: mainstreaming biodiversity into the mining
sector’ (DEA et al., 2013) may give guidance on how this may be developed.

Decommissioning of mines and power stations and their impacts on wetlands

Guidelines for the decommissioning of power stations and mines need to be developed. The
guidelines should include the control of acid mine drainage as well as any sources of
leachate from the sites. They should include methods of ensuring ash dams/spoil dumps
are stable and rehabilitated as far as possible in the time available. Employing constructed
wetlands as part of the strategy to achieve this is an option, but a precautionary note is that
the capacity of wetlands to sequester pollution is not unlimited and so needs to be monitored
and managed. If the pollutants reach a point where they break through the capacity of the
wetlands to absorb them, then a situation similar to what happened in the town of Carolina
recently may arise.

The guidelines should also provide for a follow-up programme which includes monitoring
(within an adaptive management framework) and management of the technologies
employed. The duration and intensity of the follow-up programme should be outlined,
although there would need to be some flexibility to allow for the feedback of the results to be
incorporated into the programme. This is particularly relevant when facilities such as the
water and wastewater treatment works remain active to provide services to surrounding
settlements.

Constructed wetlands

There is a need for guidelines on the construction and management of constructed wetlands.
These guidelines need to cover topics such as when they may be employed and what are
the legal and permitting requirements to implement them. They should also address the
structure and functioning of the wetland itself, as some types of constructed wetlands are
more efficient than others in certain circumstances, adding value to the existing ecological
infrastructure.

Monitoring programme

A monitoring programme should be developed within the framework of adaptive
management (learning by doing). While the initial focus of the monitoring programme should
be on wetlands, the programme should be developed in such a way that it can be expanded
to include all aspects of environmental management as well as water use on the site.
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It is seen that the monitoring programme will have a core of generic activities, but that there
will also be sufficient flexibility to allow for the individual needs of each power station,
transmission line servitude and substation to be accommodated.

Recovery of water vapour from Eskom cooling towers

A large quantity of water is lost to the atmosphere through the cooling towers on coal-fired
power stations. South Africa is a water scarce country and the demand for the existing
water is increasing. The recovery of all or a portion of the water evaporated from cooling
towers will help Eskom meet the target of reducing the volume of water required to generate
a unit of electricity. It will also release some of the water currently allocated to Eskom for
growth, development and the environment. This additional water will contribute to increasing
national water security.

There is an international project entitled ‘Capture of evaporated water with novel
membranes’, acronym CapWa, investigating the possibility of recovering evaporated water
from industrial processes (http://www.watercapture.eu/).

The need is for an investigation into innovative technologies which may be retrofitted to
Eskom coal-fired power station cooling towers to condense the water vapour which currently
is being lost to the atmosphere. For each potential technology the investigation should
develop estimates of the benefits and costs of the technology. The estimates of the benefits
and costs to be investigated for envisaged innovative technologies should include, but not be
limited to, the following:

e The percentage of water that may be recovered,
e The cost per litre of water recovered,

e Changes to the efficiency of the functioning of the cooling towers.

Waste as aresource

There is need for a thorough audit of the waste streams emanating from Eskom with a view
to investigating what resources may be recovered and what waste streams may be reduced.

o Data mining of existing research

Eskom organisational responsibilities

The organisational responsibilities of Eskom have been broadly outlined in Deliverable 5 of
this project. Responsibilities range from the generation of company policy to on-the-ground
implementation of this policy as well as national and provincial legislation, including training
to enable personnel at the various levels to carry out their duties effectively. The increasing
realisation of the importance of the role of water and the environment is leading to increasing
rigour of implementation of water and environmental legislation.

There is a need for the organisational responsibilities to be reviewed. The review will need
to take account of projected changes in national policy and legislation, global (climate,
economic, demographic) change and the needs of new technologies which may be
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employed by Eskom. The review should examine the effect that these changes are likely to
have on Eskom and its functioning.

Wetland indicators

Indicators of wetland health and the contribution of wetlands to the socio-economy are
available from a number of sources. The Water Research Commission has funded the
development of specific indicators, particularly those by Pollard and Cousins (2008) and
Pollard and du Toit (2009; 2010). Ramsar have also developed indicators for wetlands. In
addition, the Water Research Commission is currently funding a project entitled
‘Development of a national wetland monitoring programme (Phase 1)’ (WRC Project Number
K5/2269) which is developing a suite of indicators which cover the position of wetlands in the
socio-ecological system. This project is due to finish after the current project.

Once the WRC project K5/2269 has been completed it will be necessary to incorporate
indicators relevant to wetlands under Eskom’s jurisdiction into an adaptive management
framework which will then feed into the Wetland Management Framework developed in this
project.

Presentation and training of the WRC wetlands framework to Eskom managers and
staff

During the current project training in the application of the Wetland Management Framework
has been developed. This needs to be incorporated into the electronic courseware system
of the Eskom Learning Academy. Once this is available online the course will need to be
presented to relevant managers and staff to empower them to use the WMF.

Guidance for Eskom policy makers

Eskom is faced with the need to generate more power in a socio-economic environment
where there is an increasing demand for resources. There is also a swing, internationally
and nationally, towards a sustainable green economy. This increasing demand for
resources leads to an increase in the need to comply with policies and legislation designed
to ensure the sustainability of these resources. In the face of this Eskom needs to develop
policies which will ensure the sustainability of its operations while at the same time
complying with the changing landscape of national management of natural resources,
particularly water.

Guidelines need to be developed, drawn from international and national experience, to guide
Eskom policy makers in the formulation of policy which will ensure the sustainability of
Eskom’s activities.

Fast tracking of best wetlands management practices

There is a considerable bank of local knowledge on wetland management which has been
developed over the years by the Department of Water Affairs, the Department of
Environmental Affairs, the Water Research Commission and postgraduate research in
various universities. Equally, there is a large bank of knowledge on wetland management
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internationally. The management of wetlands is addressed in various Eskom policies and
the wetland management strategy has been developed for Kusile Power Station. The
Wetland Management Framework developed in this project provides a step-by-step guide to
the management of wetlands during the various phases of the Eskom Project life Cycle
Model.

Collation of this bank of knowledge into a resource that will make it readily accessible to
Eskom managers and staff, accompanied by training, will be a step towards the fast tracking
the implementing of best practice in wetland management.

Such a resource has the potential to be widely used by all stakeholders in a catchment,
bringing best practices to agriculture, mining, urban and industrial land users.

6.4 RESEARCH NEEDS IN THE CATCHMENTS WHERE ESKOM IS ACTIVE

Eskom is one of a community of resource users within a catchment, and the resilience of
natural resources is enhanced when the area under good management is increased.

Hierarchy of conservation targets

Given the varied nature and role of wetlands in the landscape, it is necessary to take
cognisance of and set conservation targets for each type of wetland affected by Eskom’s
operations. Conservation targets need to be aligned with provincial and national biodiversity
conservation plans and other strategic planning documents highlighting sensitive and
important water resource areas while recognising Eskom’s particular needs at the same
time.

Conservation targets need to integrate ‘land health’ (land use including urbanisation) and
‘aquatic ecosystem health’, so linking terrestrial and aquatic activities.

Wetland connectivity

Habitat corridors are considered an important feature of biodiversity conservation because
they facilitate movement of organisms between patches, thereby increasing species richness
in those patches. Biodiversity corridors allow species to traverse habitat that is not
necessarily suitable for permanent residency. Species often rely on biodiversity corridors to
disperse from the area from which they originated, escape predation, locate better habitat,
find a mate, or access habitat they need at a specific life history stage. Without the
connectivity provided by corridors, many species cannot perform their essential life functions
and thus eventually become locally extinct. Separation of previously connected natural
habitats resulting from anthropogenic land use changes is one of the most important drivers
behind biodiversity loss (Bergsten, 2012).

Resource Quality Objectives (RQO) of feeder catchments

The water resource classification system (WRCS) is in process of being developed for some
of the catchments in which Eskom is active and will eventually cover the entire country. The
WRCS sets the water resource management targets, including the resource quality
objectives (RQO) and at a finer scale the water resource quality objectives (WRQO) for each
IUA in the catchment.
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Based on the pollution attenuation potential of wetlands on Eskom property, Eskom can set
strategic conservation and rehabilitation targets to manage or improve catchment water
quality. This will require knowledge of the pollution attenuation potential of different types of
wetland for different pollutants. Some of this knowledge exists but it is likely that some may
need to be developed.

Hydrological integrity

It is vital to understand water use by different role players within a catchment to ensure that
the hydrological integrity of wetlands is maintained. In order to set realistic conservation
targets, an understanding of current and future water use in the catchment is required. This
will require modelling projections of changes to the demographics and economic activities.
In view of the water scarcity in the region, the modelling should provide clear decision
support capability.

Greenhouse Gas (GHG) sinks

Wetlands are considered to be important sinks for GHG. Wetlands under Eskom'’s
jurisdiction may be ranked in terms of their GHG attenuation potential. This will ensure that
the criteria and targets related to wetland conservation take cognisance of this wetland
function. The capacity of wetlands to attenuate pollution may be employed is to be one of
the suite of technologies towards realising a clean development mechanism (CDM), or the
development of cleaner technologies as is currently being implemented by industry.

The effectiveness of wetlands to perform the functions of carbon sequestration (WRC project
K5/2346: Investigation of peatland characteristics and processes as well as understanding of
their contribution to the South African wetland ecological infrastructure) and to be employed
as a CDM needs to be researched and where practical, the pathway to implementation
should be developed.

Ecosystem services for communities

Develop a process (a framework) for identifying and evaluating the value of the ecological
services used by communities and how these will be affected by Eskom activities. Where the
impact may be negative, the framework should include feedback loops to assess mitigation
measures where these are appropriate. At the same time, opportunities will be identified to
promote access to wetland services by surrounding communities, in support of Eskom’s
social responsibility initiatives.

Integrated natural resource management for the benefit of ecosystem services

Water quality cannot be effectively managed if the sources of diffuse pollution are not
addressed. As part of the overall strategy to improve the IWRM in a catchment it is
necessary to assess the contribution of activities contributing to diffuse pollution together
with those point sources which may be more easily managed. Mining, agriculture and urban
runoff are land-based contributors to diffuse pollution, affecting the catchment in which they
are situated. Quantification of the relationship between land-based activities and aquatic
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ecosystem services will guide the management of land use in order to improve the flow of
ecosystem services from the wetlands on Eskom properties.

Diffuse pollution from aerial discharges is more complex as the impact has the potential to
go beyond the catchment of origin. Knowledge of how aerial discharges affect the terrestrial
and aquatic ecosystems and the services they deliver exists internationally, but specific
knowledge of the extent and effect of Eskom’s aerial discharges on ecosystem services will
guide policy and management decisions on aerial discharges.

Management of the water quality in a catchment ultimately will require a holistic initiative
involving the management of point and diffuse sources of pollution. This requires, firstly,
knowledge of the sources of pollution and how existing instruments of national policy, such
as the Waste Discharge Charge System, may be brought to bear on the situation. Secondly,
it will require an integrated effort from all stakeholders involved if it is to be fully
implemented. The possibility of rolling out the existing strategy into the catchments in which
Eskom operates should be investigated.

Differing baskets of ecosystem services

Improved understanding of the differences in the baskets of ecosystem services offered by
different types of wetlands will guide the prioritisation of wetland management and
rehabilitation. For instance, unchannelled valley bottom wetlands are better at upgrading
water quality than channelled valley bottom wetlands. This understanding would also guide
the design of constructed wetlands where they are to be used.

One specific question which may be answered is ‘What is the benefit/cost ratio of
rehabilitating an unchannelled valley bottom wetland into which a channel has been eroded
through the presence of, for instance, flow being concentrated through a culvert?’

6.5 IN THE SOCIAL ECOLOGICAL SYSTEM

Benefits and costs to power generation, water use and food production

The costs of the use of coal for energy production in terms of water use and impact on
quality, impact on the environment and impact on food production are known. What is less
clear is the costs and benefits of alternate energy production technologies on water use and
impact on quality, impact on the environment and impact on food production for different
regions and under varying degrees of water scarcity.

There is a need to develop a decision support system based on costs and benefits to power
generation, water use and impact on quality, impact on the environment and impact on food
production for different technologies (e.g. solar, wind, biomass — where biomass may be
seen as virtual water) for regions of differing water availability, using figures for coal as the
benchmark. The development of a model should serve as a decision support system for
policy makers and decision makers.

This may become one of the determining factors guiding future decisions and of transitioning
towards a green economy.
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The water energy food nexus

The triple challenge of energy supplies, water stress and food security is becoming
increasingly important at a global level. In a recent live chat on the water-energy-food nexus,
experts from the World Economic Forum shared positive, practical examples of policy and
on-the-ground projects and commented on what the future holds. Williams and Pittock
(undated) presented the following quotes:

In 1911, John Muir observed, ‘When we try to pick out anything by itself in nature, we find it
hitched to everything else in the Universe.’

A century later, a gathering of the World Economic Forum discovered the same
phenomenon. Four hundred top decision-makers listed the myriad looming threats to global
stability, including famine, terrorism, inequality, disease, poverty, and climate change. Yet
when we tried to address each diverse force, we found them all attached to one universal
security risk: fresh water. (Margaret Catley-Carlson, Patron, Global Water Partnership,
2008-2010, Chair of World Economic Forum Global Agenda Council on Water
Security) (quoted from Williams and Pittock, undated).

As a major and strategic user of water, Eskom should be in a position to contribute to the
development of strategy to address the management of this nexus in a country that is
subject to water scarcity and where the demographics and growth projections indicate a
growing demand for water, food and energy.

The energy, agriculture and water nexus

A valid research question is ‘On the one hand, how does the availability of electricity
influence agriculture and how does Eskom’s use of water influence agriculture and on the
other hand, how does the use of water in agriculture impact Eskom’s activities?’ This should
consider both water quantity (including the timing of flow) and water quality. Ecosystem-
based adaptation to climate change

Ecosystems in good condition are resilient and better able to resist shocks than built
infrastructure. While the natural variability of the climate in southern Africa tends to mask
trends, any initiatives to address the adaptation to climate change will assist in the coping
with the inherent climate variability. Wetlands are key providers of aquatic ecosystem
services and maintaining them in good condition will increase the sustainability of the socio-
ecological system (SES), but they need to be managed at the catchment level. The benefits
of improved resilience and sustainability will be realised by the whole catchment SES, not
just Eskom. Subsistence users, the “voiceless”, who depend directly on the ecosystem
services for their livelihoods will be amongst the first to benefit from this improvement in
sustainability. Improving the resilience of ecosystems will also contribute to the transition
towards a green economy.

The question is: ‘What form could Eskom’s input into catchment-wide wetland management
take?’ Aspects to be considered when answering this question would be the projected
changes in wetlands under the climate change projections and how the projected changes
would work out into changes in wetlands in the landscape and how these changes would
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influence the ecosystem services currently realised from wetlands. This would then need to
be worked into the catchment management strategy of the relevant CMA.

Use of reclaimed water

In a situation of water scarcity, what are the benefits and costs of using reclaimed water from
a source external to the power station itself (e.g. municipal effluent) for power
generation? Currently, for instance, the Kleinkoppie coal mine is treating AMD as required in
its water use license and then selling the treated water to Emalahleni Municipality. Duvha
PS is not far from Emalahleni, which has a serious problem with its WWTW, could there be
some form of cooperation here? And similarly elsewhere? It would also save untreated
sewage from being discharged into the environment, so releasing the wetlands downstream
to polish the water in an already overused catchment and in the longer term, helping to
protect the water quality used in the Groblersdal irrigation scheme downstream from Loskop
Dam. Questions that could be addressed in this regard are:

e What is the feasibility and what are the limitations (geographic, technological,
economic) to implementing the recycling of reclaimed effluent from a non-Eskom
service provider;

e What are the sustainability issues that would need to be addressed, and how could
these be addressed,

e How could the findings of the WRC research programme on the use of primary
sewage sludge to sequester sulphur from effluents (under Prof P Rose, Rhodes
University, patents held in conjunction with ERWAT) be implemented in such a
situation.

This has the potential to improve the delivery of ecosystem services in the catchment

e Addressing International Questions

Projections of the use of energy and water into the future

At a global level, it is critical to remain aware of future projections concerning water supply
alternatives that could shift overall energy consumption. For instance, between 2006 and
2011 global desalination production (an energy intensive technology) increased from 25
million m® to 72 million m* per day. By 2015, the projection stands at 100 million m* (Olsson,
2012).

What are the longer term projections for (A) the use of power in water management and (B)
the use of water in power generation in South Africa?

e Alternate technologies

What is the cost and lead time of viable energy alternatives which may use less water,
leaving more for the environment and other uses such as food production. And what is the
impact of these alternate energy sources on the long term sustainability of the environment
(i.e. once the technology has been decommissioned)? There is an urgent need for R&D to
investigate alternate technologies which will reduce the volume of water used and the
volume of waste generated by the suite of technologies currently used in South Africa.
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Shale gas

Natural gas extraction: South Africa has extensive fields of shale gas and the process of
investigating the development of these is underway. Apart from the concerns around the
availability of sufficient water for the extraction process and the contamination of shallow
aquifers, the handling of the effluent from the wells will need to be addressed. Where
fracking is practised in water-rich areas the effluent is stored in large, open, surface
reservoirs. If this practice is followed in the semi-arid areas of South Africa it will result in the
creation of wetlands where none existed previously. The reservoirs containing the water of
poor quality will attract wildlife which will become affected by the toxins in the effluent.

This aspect also needs to be addressed in the planning for the process.

Nuclear energy

Nuclear energy has had bad press following accidents from the early-generation
technologies. Newer generation technologies are safer. What is the relative efficiency and
reliability of nuclear energy, and what is the cost per KWh? There is a need for a review of
the experience from elsewhere in the world. Water use and greenhouse gas emissions
must be taken into consideration. The costings need to be benchmarked against South
African standards so that accurate and unbiased comparisons may be drawn. This will help
decision makers to choose the most cost effective technologies. Off grid technologies

There is a need to look at off-grid technologies. This is relevant for rural areas as well as
urban areas. Of particular importance is the understanding of the social aspects. Rural
people may regard off-grid technologies as ‘second best’, and where this perception exists it
needs to be managed. In the wealthier urban areas these technologies may be more readily
accepted as the people may be more ready to accept the need for adopting off-grid
technologies.

Some examples of off-grid technologies follow:

Solar energy

South Africa is richly endowed with solar energy, particularly in the arid West. What is the
relative water use efficiency of solar energy compared to, for instance, coal which is
currently the main source of energy? Are there other costs to the social-ecological system
which are not currently recognised?

Wind energy

What is the relative efficiency and reliability of wind energy, and what is the cost per Kwh?
There is a need for a review of the experience from elsewhere in the world. Water use and
greenhouse gas emissions must be taken into consideration. The costings need to be
benchmarked against South African standards so that accurate and unbiased comparisons
may be drawn. This will help decision makers to choose the most cost effective
technologies.
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Energy from biomass

What is the relative efficiency and reliability of energy from biomass, and what is the cost per
KWh? There is a need for a review of the experience from elsewhere in the world. Water
use and greenhouse gas emissions must be taken into consideration. The costings need to
be benchmarked against South African standards so that accurate and unbiased
comparisons may be drawn. This will help decision makers to choose the most cost
effective technologies.

Energy generated from gas.

There are large fields of natural gas being developed in the SADC region and this is coming
available for use in South Africa. What is the relative efficiency and reliability of energy from
natural gas, and what is the cost per KWh? There is a need for a review of the experience
from elsewhere in the world. Water use and greenhouse gas emissions must be taken into
consideration. The costings need to be benchmarked against South African standards so
that accurate and unbiased comparisons may be drawn. This will help decision makers to
choose the most cost effective technologies.

Beneficiation of waste

Are there technologies which could reduce the footprint of power generation? Would, for
instance, the re-working coal discard dumps to produce coal pellets for coal fired power
generation be an option? And can any of the pollutants (e.g. sulphur) be recovered for
recycling? Are there other waste streams which could be beneficiated, so reducing the
overall volume of waste generated by the power station?

The principle of cleaner production is that resources are used more efficiently and so the
waste stream is reduced. Using the principles of cleaner production as implemented in other
industries, how can Eskom improve its efficiency in the use of the resources necessary for
energy generation while at the same time reducing its footprint

The Water Research Commission has, over the years, funded research to develop cleaner
production guidelines for industry (TT 139/00; 1898/1/11), petroleum industry (1673/1/08),
the mining industry ( TT 485/11; 1553/1/11) and industrial complexes (TT 544/12; TT 545/12;
TT 546/12; TT 547/12; TT 548/12), amongst others. Where cleaner production principles
have been implemented there has been an improvement in efficiency and a decrease in
waste generated.

There is a need for a similar guide for the power generation industry. This would not be
limited to the coal-fired power generation, but should address all the technologies used in
South Africa.
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6.6 PRELIMINARY ASSESSMENT OF RESEARCH PRIORITIES

e Technical Research

(0]
(0]

Soil carbon (paragraph: Soil carbon)

Water conservation and demand management (water use efficiency)
(paragraph: Water conservation and demand management)

Development of a generic monitoring programme for use on Eskom
properties (paragraph: Monitoring programme)

Integrated natural resource management (paragraph: Integrated natural
resource management for the benefit of ecosystem services)

e Social/economic research

(0]

The benefits and costs of alternate technologies available to power
generation, water use and impact on quality, impact on the environment and
impact on food production (paragraph: Benefits and costs to power
generation, water use and food production)

Ecosystem-based adaptation to climate change for Eskom-specific activities
(paragraph: The energy, agriculture and water nexus)

e Legal/policy research

(0]

Possible future changes in in wetland or water policy and legislation
(paragraph: Consideration of possible future changes in wetland or water
policy and legislation).
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7 CONCLUSION

South Africa is a water-stressed country and the water resource will potentially limit the
economic growth if it is not well managed. Society relies on the benefits that ecosystem
services provide and when ecosystems become degraded they are no longer able to provide
the services at the level of their potential. Table 3 (Page 34) gives the mean global values of
the ecosystem services per the world’s biomes (De Groot et al., 2012). These were derived
from a number of published studies (see ‘Sample Size’ in the table). These figures show
that, of the inland systems, inland wetlands deliver the highest value per hectare. The
regulating services are difficult to value but provide the resilience to the system, and these
form a major part of the contribution to the value of inland wetlands.

Wetland habitat in the Olifants River catchment is important because it is a component of the
ecological infrastructure comprising the aquatic ecosystem of the Catchment. DWA (2012)
estimated that the value of aquatic ecosystem services (within which wetland ecological
infrastructure plays an important role) was approximately R3 billion per year. Moreover,
more than 55% of the GDP contributing sectors in the Olifants River Catchment are directly
dependent on water use licences. The economy and people of the Olifants River Catchment
are thus highly dependent upon the water resources of the catchment (quoted from Harris et
al., 2013). This catchment has a number of coal-fired power stations as well as coal mines
and other economic activities. Thus, the loss of aquatic ecosystem services in this
catchment would have a severe impact on the economy of the catchment. The Olifants
River catchment (in Gauteng, Mpumalanga and Limpopo Provinces) provides an example of
the value of aquatic ecosystem services to the country. For this reason it is important that
aguatic ecosystems are maintained in good condition.

The wetland management framework was developed with the importance of the aquatic
ecosystem services in mind.

The wetland management framework (WMF) has been developed as a practical, ‘how to’,
guide for on-the-ground wetland management. It is designed to provide detailed guidance to
environmental managers, but also to provide the knowledge needed by managers and
planners on the legal and ecological aspects of managing wetlands on Eskom properties. It
gives insight into the complexity of managing wetlands under the current legal requirements
while at the same time working into the maintenance of the ecosystems that provide the
benefits on which society relies, both on Eskom property as well as in the catchments in
which Eskom is active.

The WMF has been structured to mesh with Eskom’s Project Life Cycle Model (PLCM). This
informs the planning and management teams about the relevant wetland management tasks
that need to be included at each stage of the process to ensure compliance with the
requirements of legislation as well as the conservation of the desired ecosystem services. It
also includes the corporate responsibility to the wider community where relevant.
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Although the WMF focuses on Eskom’s business processes, it will also serve to guide other
organisations which are working in and around wetlands such as mining activities and

municipal developments. It addresses the essentials of wetland management in a way that
will provide the essential guidance to how to interact with wetlands.
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APPENDIX

Figure 44: Pathways and milestones for the period 2009 to 2015 related to water (Eskom, 2009b)
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Figure 45: Pathways and milestones for the period 2016 to 2030 related to water (Eskom, 2009b)
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PILOT SITE SELECTION

The Research Team recognized the need for a justifiable methodology in the selection of
pilot sites for the purposes of testing the Wetland Management Framework (WMF).

Tables 46 and 47 provide the names and organisations of the persons attending two such
meetings as well as those from whom an apology was received.

Table 46: Attendees of the site selection meeting on 24 May 2013

Present Wietsche Roets DWA 082 604 7730
Kaajial Durgapersad Eskom 082 389 2350
Felicia Tiba Eskom 083 297 4328
Tefo Tshabidi Eskom: Sustainability 082 879 9286
Siven Naidoo Eskom: TS & RM 083 258 3786

Florence Radebe

Eskom: Construction

082 389 2233

Michael Michael

Eskom: RT & D

084 664 0747

Daphney Ramaphosa

Eskom: Construction

073 315 1117

Levania Moodley

EON Consulting

081 270 9328

Adri Venter EON Consulting 082 372 8186
Apologies Meera Ormea Eskom: PED 083 2700 659
Esther Appleyard Eskom: PED

Steve Mitchell

EON Consulting
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Table 47: Attendees of the site selection meeting on 26 July 2013

Kaajial Durgerpaersad Eskom 082 389 2350
Felicia Tiba Eskom 083 297 4328
Tefo Tshabidi Eskom: Sustainability 082 879 9286
Michael Michael Eskom: RT & D 084 664 0747
Adri Venter Eon Consulting 082 372 8186
Steve Mitchell Eon Consulting
Michillay Brown Student accompanying

Eskom
Kishaylin Chetty Eskom
Theresa Ferguson Eon Consulting
Apologies
Wietsche Roets DWA 082 604 7730
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