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PREAMBLE
Prime Africa Consultants were appointed by Zitholele Consulting (Pty) Ltd on behalf of Eskom Holdings
(Pty) Ltd, to develop a consolidated wetland offset plan for the Kusile Power Station, Mpumalanga.
The work done here relates to the specific requirement for wetland offsets towards addressing
residual impacts of the construction of the Armco Culvert and associated infrastructure, the 10-year
Co-Disposal Facility (CDF), the Station Dirty Dam (SDD) and the proposed 60 Year Ash Dump Facility
(ADF).
This report represents Deliverable 5 in a series of 8 deliverables required towards compiling the BAR
and the Kusile Wetland Offset Plan. The deliverables include the following:
Deliverable 1: Consolidated Kusile Wetland Offset Strategy
Deliverable 2: Phase 1: Planning Report
Deliverable 3: Draft Phase 2: Wetland Assessment and Rehab Design Report (Study Site)
Deliverable 4: Phase 2: Wetland Assessment and Rehab Design Report (Study Site)
Deliverable 5: Finalisation of Rehab Reports
Deliverable 6: Final BAR (All Phase 2 Reports)
Deliverable 7: Final Wetland Offset Report: Recommendations
Deliverable 8: Finalisation of Project (Close-out Report)
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GLOSSARY
Channel - An open conduit with clearly defined margins that (i) continuously or periodically contains
flowing water, or (ii) forms a connecting link between two water bodies.
Channelled Valley Bottom Wetland - A mostly flat valley-bottom wetland dissected by and typically
elevated above a channel (see channel). Dominant water inputs to these areas are typically from the
channel, either as surface flow resulting from overtopping of the channel bank/s or as interflow, or
from adjacent valley-side slopes (as overland flow or interflow). Water generally moves through the
wetland as diffuse surface flow, although occasional, short-lived concentrated flows are possible
during flooding events (SANBI, 2009).
Culvert- An artificial, covered channel for water to allow it to pass underneath a road or railway line
(Russel 2009).
Discharge- The quantity of water flowing in a stream per unit time, typically in units of cubic meters
per second (Russel 2009).
Erosion - The weathering, transportation and deposition of the earth’s surface by wind, water and
other natural forces.
Flat - A near-level wetland area (i.e. with little or no relief) with little or no gradient, situated on a plain
or a bench in terms of landscape setting. The primary source of water is precipitation, with the
exception of flats along the coast (usually in a plain setting) where the water table (i.e. groundwater)
may rise to the surface or near to the surface in areas of little or no relief because of the location near
to the base level of the land surface represented by the presence of the ocean (SANBI, 2009).
Floodplain Wetland - The mostly flat or gently sloping wetland area adjacent to and formed by a
lowland or upland floodplain river, and subject to periodic inundation by overtopping of the channel
bank (SANBI, 2009).
Gabion- A structure made of wire mesh baskets filled with regularly sized stones, and used to prevent
and/ or repair erosion. They are flexible and permeable structures which allow water to filter through
them. Vegetation and other biota can also establish in/around the habitat they create (Russel 2009).
Hillslope Seep - A wetland area located on (gently to steeply) sloping land, which is dominated by the
colluvial (i.e. gravity-driven), unidirectional movement of material down-slope. Water inputs are
primarily from groundwater or precipitation that that enters the wetland from an up-slope direction
in the form of subsurface flow. Water movement through the wetland is mainly in the form of
interflow, with diffuse overland flow (‘sheetwash’) often being significant during and after rainfall
events (SANBI, 2009).
Intervention- An engineered structure such as a concrete or gabion weir, earthworks or re-vegetation
that that achieves identified objectives within a wetland (Russel 2009).
Maintenance- The replacement, repair or the reconstruction of an existing structure within the same
footprint, in the same location, having the same capacity and performing the same function as the
previous structure (Russel 2009).
Mitigation- Actions to reduce the impact of a particular activity (Russel 2009).
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Rehabilitation- The re-instating of driving ecological forces (including hydrological, geomorphological
and biological processes) that underlie a wetland, so as to improve the wetland’s health and the
ecological services that it delivers (Russel 2009).
Reno Mattress- A thin section wire basket filled with rock that is used to protect soil from erosion
caused by the velocity of flowing water. The thickness usually varies from 150 mm to 300 mm. The
thickness used is dependent on the velocity of the water and the erodibility of the soil (Russel 2009).
Sediment- Solid material transported by moving water, which typically comprises sand, silt and clay
sized particles (Russel 2009).
Silt barrier- a temporary sediment barrier used across a landscape to reduce the quantity of sediment
that is moving farther downslope. Commonly used barriers include silt fence (a geotextile fabric that
is trenched into the ground and attached to supporting posts) or hay bales trenched into the ground.
Other barrier materials include sand bags, brush piles, and various man-made materials and devices
that can be used in a similar manner as silt fence and hay bales.
Stone Pitching- The act of paving using small or large stones.
Unchannelled Valley Bottom Wetland - A mostly flat valley-bottom wetland area without a major
channel running through it, characterised by an absence of distinct channel banks and the prevalence
of diffuse flows, even during and after high rainfall events. Water inputs are typically from an
upstream channel, as the flow becomes dispersed, and from adjacent slopes (if present) or
groundwater. Water generally moves through the wetland in the form of diffuse surface flow and/or
interflow (with some temporary containment of water in depressional areas), but the outflow can be
in the form of diffuse or concentrated surface flow (SANBI, 2009).
Valleyhead Seep - A gently-sloping, typically concave wetland area located on a valley floor at the
head of a drainage line, with water inputs mainly from subsurface flow (although there is usually also
a convergence of diffuse overland water flow in these areas during and after rainfall events).
Horizontal, unidirectional (down-slope) movement of water in the form of interflow and diffuse
surface flow dominates within a valleyhead seep, while water exits at the downstream end as
concentrated surface flow where the valleyhead seep becomes a channel (SANBI, 2009).
Weir- A structure placed in a stream or gully in order to lift the water level and or to catch up sediment.
It is usually of concrete, stone masonry or rock-filled gabions. (Russel 2009).
Wetland - Any ecosystem that has an aquatic base or hydrological driving force and possesses both
upland and aquatic characteristics.
National Water Act (1998):
A wetland is land which is transitional between terrestrial and aquatic systems where the water table
is at or near the surface, or the land is periodically covered with shallow water, and which in normal
circumstances supports or would support vegetation typically adapted to life in saturated soil.
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1. INTRODUCTION
In 2015, The Kusile Wetland Offset Strategy was developed in support of the water use license
application (WULA) for the proposed 60 year Ash Dump Facility (ADF) for Kusile Power Station in
Mpumalanga, South Africa (Prime Africa 2015). The purpose of the strategy was to quantify the size
of the wetland offset required as a result of the loss of 225 ha of wetlands directly related to the
construction of the 60 Year ADF. Furthermore, the Strategy identified possible wetland areas on both
Eskom and privately-owned land which could be utilised as a possible receiving area to achieve offset
targets. The Strategy was in accordance to the Wetland Offset Guidelines and calculator developed by
SANBI and DWS in 2014.
Prime Africa has since been appointed by Zitholele Consulting (Pty) Ltd on behalf of Eskom Holdings
(Pty) Ltd, for the purposes of compiling a Consolidated Wetland Offset Plan for the Kusile Power
Station 60 year ADF. A key purpose of the appointment is the design of wetland rehabilitation
interventions within the identified receiving areas as well as the subsequent application for the
requisite environmental authorisations for the implementation of the rehabilitation interventions.
Wetland rehabilitation involves the construction of a variety of interventions that could include gabion
structures (e.g. retaining/ diversion walls), concrete structures (e.g. weirs), earthen structures (e.g.
berms or sloping); as well as soft options such as re-vegetation and/ or alien removal, and/or eco-logs.
The number, type, scale and location of each of these interventions within the wetlands would vary
according to the nature and magnitude of the problem and the state of the receiving environment.
For implementation of the wetland rehabilitation activities, a Basic Assessment (BA) is required as per
the activities listed in Regulations 544 and 546 of 18 June 2010 of the National Environmental
Management Act (No. 107 of 1998) (NEMA), as amended.
The process towards developing the BAR involves the stepwise compilation of various reports /
assessments. The first, the Phase 1 Planning Report requires a broad scale assessment of wetlands in
the study area, or area of influence. This exercise is essentially a scoping study whereby characteristics
of the landscape are identified, wetlands are contextualised and prioritised, and landowners are
consulted (results of which can be found in Deliverable 2). The second, the Phase 2 Rehabilitation
Design Report, is a detailed assessment of wetland condition and identification of rehabilitation
interventions where necessary (Preliminary results of which are found in this document). The final
report, the BAR, represents a compilation of all findings, specialist results, proposals, stakeholder
engagements and final sign offs.

1.1.

Objectives

The aim of the Phase 2 Wetland Assessment and Rehab Design Report is to provide input and guidance
on the technical requirements necessary for the compilation of the BAR.








13

This will be achieved through the following objectives:
Conduct level 2 wetland assessment of prioritised wetlands;
Propose interventions (engineering and non-engineering) for the rehabilitation of wetlands;
Describe the desired effect, suitability and risks of proposed interventions.
Provide detailed costing, designs and BOQ for proposed interventions;
Describe the approach to developing the M&E report and Baseline Data;
Describe and develop all requirements of GA (e.g. Heritage);
Describe approach to updating the Kusile Wetland Offset Requirements.
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Scope of Work

This document represents the final Phase 2: Wetland Assessment and Rehab Design Report and
represents the primary working document for the implementation of the Kusile Consolidated Wetland
Offset Plan. This document details the general methodology that has been adopted for the planning
of rehabilitation interventions for identified wetlands. The methodology includes the general
approach, assessment results, rehabilitation philosophy and plans, intervention designs.
This Phase 2: Wetland Assessment and Rehab Design Report will be attached as an Appendix to the
BAR and will therefore also be submitted to DEA for their consideration as part of their decision
making process.
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2. PROJECT DESCRIPTION
This deliverable focusses on investigating rehabilitation options in regions identified by the Kusile
Wetland Offset Strategy (Prime Africa 2015). The purpose of the strategy was to quantify the size of
the wetland offset required as a result of the loss of 225 ha of wetlands directly related to the
construction of the 60 Year ADF. Furthermore, the Strategy identified possible wetland areas on both
Eskom and privately-owned land which could be utilised as a possible receiving area to achieve offset
targets.
Receiving areas proposed by the strategy are located in the same catchment as the Kusile Power
Station and proposed ADF. The region is east of Bronkhorstspruit along the border of Gauteng and
Mpumalanga province in South Africa. The Kusile Power Station is situated along the N4 highway and
the D686. The region falls within the Olifants River Catchment (Primary Catchment B) but more
specifically within quaternary catchment B20F and is directly linked to the Wilge River (sub-quaternary
B20F-01150), which flows north and forms a tributary of the larger Olifants River.

2.1.

Study Area- B20F

The quaternary catchment B20F is directly linked to the Wilge River (sub-quaternary B20F-01150),
which flows north and forms a tributary of the larger Olifants River. Two key tributaries of the Wilge
River in this catchment are the Klipfonteinspruit and the Holspruit, both of which extend past the
north and southern extents of the Kusile Power Station infrastructure footprint.
The catchment falls within the Grassland Biome, Mesic Highveld Grassland Bioregion and Eastern and
Rand Highveld Grassland vegetation types (Mucina and Rutherford 2006, 2012 update). In addition,
there are patches of Eastern Temperate Freshwater Wetlands associated with the larger pans of the
area. All vegetation types are listed as Vulnerable on a national scale.
The wetland vegetation group (WVG) characteristic in the area is Mesic Highveld Grassland Group 4
(Nel et al. 2011). Most of the wetlands in the area (along the Wilge River and associated tributaries in
the study area) have been denoted as Freshwater Ecosystem Priority Areas (Wetland FEPAs; Nel et al.
2011) or recognised as important wetland clusters. These wetlands are important contributors to base
flow maintenance of the perennial Wilge River (SQ B20F-01150), as well as flood attenuation which
protects the integrity of banks along the downstream Wilge environment. A detailed description of
the hydrology of the catchment can be found in Appendix 3.

2.2.

Ecological Management Units: Labelling and Rationale

The key wetland systems in the study area are the Klipfonteinspruit and the Holspruit. In order to
manage these systems appropriately, they were delineated into Ecological Management Units (EMU).
These units were defined based on firstly, land ownership and secondly, sub-catchment boundaries.
This hierarchy was chosen due to the probable requirement for a variation in management of EMU
depending on these specific criteria. There may be a variation in the extent of consent or willingness
to work together with Eskom in offset activities across landowners. Sub-catchments as boundaries
further ensure the effective management approach and interventions installed and constructed will
directly influence the associated system.
The offset footprint was thus divided into 7 EMU’s (Figure 2-1). Please note the Kusile footprint,
although initially not included, now falls within the scope of this project.
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F

G

Figure 2-1: Distribution of Ecological Management Units (EMU) in both the Kusile Power Station and Offset footprints.

The 7 EMU’s are described as the following:
1. Ecological Management Unit A is situated midway along the Holspruit (Figure 2-1). The
property is owned by Eskom Holdings (SOC) Ltd. It is bordered by the D686 upstream and the
edge of the Eskom property downstream. It consists of three farm portions, namely the
following (Error! Reference source not found.):
 2/537;
 5/537;
 4/537
The portions are divided by a sub-catchment boundary in the south. The rest of the land
portions fall within EMU B.
2. Ecological Management Unit B is situated midway along the Klipfonteinspruit (Figure 2-1).
The property is owned by Eskom Holdings (SOC) Ltd. It is bordered by the D686 upstream and
the edge of the Eskom property (bordered with Topigs property) downstream. It consists of 3
entire primary farm portions with an additional 3 small sections of farm portion, namely the
following (Error! Reference source not found.):
 Re/537;
 2/565;
 1/565;
 2/537 (small proportion);
 5/537 (small proportion);
 4/537 (small proportion).
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3. Ecological Management Unit C is situated along the downstream Klipfonteinspruit and
includes its confluence with the Wilge River (Figure 2-1). The two properties are owned by
Topigs. It is bordered by Eskom property upstream and the Wilge River downstream. It
contains the largest portion of the Wilge River compared to all other EMU’s. It consists of two
farm portions namely the following (Error! Reference source not found.):
 9/538
 10/538
4. Ecological Management Unit D is situated along the downstream Holspruit and includes its
confluence with the Wilge River (Figure 2-1). The properties are privately owned and practices
livestock agriculture. It is bordered by Eskom property upstream and the Wilge River
downstream. It contains a small portion of the Wilge River. It consists of three farm portions
namely the following (Error! Reference source not found.):
 Re/530
 2/530
 2/538
5. Ecological Management Unit E is the largest EMU situated on the northern periphery of the
Holspruit and includes two unnamed tributaries (Figure 2-1). The various properties that fall
into this EMU are privately owned by numerous individuals and organisations. At this point
the inclusion of this EMU is not certain. It consists of 16 farm portions (Error! Reference source
not found.).
6. Ecological Management Unit F is situated at the upper and headwaters of the Holspruit
(Figure 2-1). The properties are owned by Eskom and fall on the Kusile Power Station footprint.
It consists of northern parts of three farm portions namely the following (Error! Reference
source not found.):
 Re/537
 1/537
 6/537
7. Ecological Management Unit G is situated at the upper tributaries of the Klipfonteinspruit
(Figure 2-1). The properties are owned by Eskom and fall on the Kusile Power Station footprint.
It consists of portions of 10 farms with the key wetlands being situated on the following
portions (Error! Reference source not found.):
 Re/537
 0/566

Please note this document only includes EMU A, B, G and F as these are targeted to the application
for Environmental Authorisation.

2.3.

Risks to Implementing the Wetland Offset Plan

For the purposes of managing risks, the Kusile Wetland Offset Strategy (Prime Africa 2015) divided the
receiving wetlands into 3 sections which ultimately became the phases of which the strategy would
be rolled out. These sections were based primarily on land ownership as the ownership posed,
amongst others, the greatest risk to the suitability, applicability and feasibility of the proposed
strategy. From this point various other risks were identified and during the current process these
phases have been altered based on the investigations and consultations conducted to date. Currently,
17
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there are 5 phases of which again vary in the variation of risks posed to the success of the offset
strategy (Figure 2-2).

Figure 2-2: Phased approach to implementation of the Kusile Wetland Offset Strategy

The offset strategy outlines a variety of offset opportunities of which if achieved will result in
maximum targets achieved (Table 2-1). Each phase requires a series of requirements to occur on the
various properties to achieve these opportunities. As these requirements are obtained, the risks to
the offset on the specific properties are reduced. Therefore, the properties which are the furthest
along in terms of the offset process and requirements are designated the lowest risk scores and, on a
temporal scale, shall be implemented first (Table 2-1).
Please note this document only includes Phase 1 and 5 these are targeted to the application for
Environmental Authorisation.
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Table 2-1: The risks, mitigation status and comparative risk class for phases of the Kusile Wetland Offset Plan

Offset Opportunity
Wetland
Assessment
Phase

Rehabilitati
on Design

Land
Owners

Protection
of wetlands

Land
Ownership
Comparative Risk

Risk Description
Consent for
assessment

Consent for
design

Consent for
installation

Protection
agreement

Ownership
agreement

1

Eskom

Yes

Yes

Pending
Positive

Pending

Eskom
owned

Low

2

Johann
Kotze

Yes

Yes

Pending
Positive

Pending

Privately
Owned

Medium

3

Topigs

Yes

Not
Required

Not
Required

No

Privately
Owned

High

4

Multiple
Landown
ers

Pending
Negative

Pending
Negative

Pending
Negative

Pending
Negative

Privately
Owned

Extreme High

5

Eskom

Pending
Positive

Pending
Positive

Pending
Positive

Pending

Eskom
owned

Low

The phases include the following EMU’s
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Rehabilitation
Installation

Phase 1-EMU A and B;
Phase 2- EMU D;
Phase 3- EMU C;
Phase 4- EMU E; and
Phase 5- EMU F and G.
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3. WETLAND REHABILITATION INTERVENTIONS
3.1.

Site Visits

Wetlands identified as receiving areas in the Kusile Wetland Offset Strategy (prioritised wetlands)
were extensively investigated by the project team. The project team present during site visits included
the following:






Wetland ecologist (James MacKenzie),
Civil engineer (Ian Pearson);
The WfW provincial coordinator (Andre Beetge: Assistant Director: Mpumalanga
Directorate: Operations Wetlands)
Representative of the implementing agent (Thinus Oosthuizen: Eskom)
Project team members (Joseph Mulders, Kyle Harris and Dineo Maila)

3.2.

Field Work and Rehabilitation Planning Overview

Waypoints for proposed interventions were taken where applicable. Figure 3-1 gives an overview of
the locality of the preliminary proposed engineering (Hard) interventions.

D
E
C
A
F

G

B

Figure 3-1: The locality of EMU’s and corresponding pertinent waypoints for engineering (hard) interventions in the Kusile
offset footprint.

Please note this document only includes EMU A, B, G and F as these are applicable to the application
for Environmental Authorisation.
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Constructed Intervention (Hard) Design Philosophy

The selection of design type was influenced by the following:





Designs were alternated between gabions, concrete/ stone masonry, earth structures and
earth works with application of soil stabilisation materials such as MacMat-R Shutes
depending on the specific site requirements.
Preference was given to lower maintenance options (e.g. stone masonry drop structures) due
to the nature of rehabilitation objectives.
The ground conditions and whether the proposed intervention was to be located in the main
steam or in the off-channel.

The size of the interventions depended on:





The depth of the channel.
The height of the existing water level as well as the positions of proposed interventions that
were to be located ‘heel-to-toe’ with the aim of flooding back onto each other where
applicable.
The potential new required upstream water level was also taken into consideration as this
would assist in reducing erosion in this area.

Six different engineered structures are proposed for the rehabilitation of the stream beds where bed
incisions and changes to the natural flow regime have occurred. These are:
 In-stream drop-structures (to halt stream bed incision and to raise water levels);
 Stream diversion structures (to re-direct stream flow back to its natural course);
 Flow distribution systems (to spread the stream flow from a single bed channel to a wider flow
regime);
 Stream plugs, simple gabion plugs in minor streams or entry channels (to prevent erosion of
the side channel);
 Mac matte soil protection systems (to stabilise embankments); and
 Flow dispersion structure (to divert high flows onto flood plain).
The following design considerations are relevant for each of these structures or systems:
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In-stream Drop Structures
Maximum unit discharge for a design 100-year flood is 3.2m3/s per meter of width;
Maximum drop height 1.5m;
Drop structure not closer than 2 x width of structure upstream and downstream of a curve in
the stream;
Longitudinal slope (max) 4:1;
Stilling basin depression 0.5m;
Approach protection – 3m before crest;
Stilling basin length – sufficient to ensure hydraulic jump at maximum flow (specific force of
the downstream tail water is greater than the specific force of the supercritical flow at the toe
of the drop);
Cut-off wall depth – 2m (cohesive soils) or to bed-rock;
Bed protection downstream of stilling basin 3m;
Drop structure force analysis based on:
o Shear stress;
o Buoyant weight of structure;
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o Impact, drag and hydrodynamic lift forces;
o Turning force;
o Friction; and
o Overbanks also assessed for shear force and related protection requirements;
Preferred structure type – grouted boulders (stone pitched);
Other issues:
o Fish migration requirements;
o Safety considerations;
o Weep drains to reduce uplift pressure; and
o Stream diversion and subsurface water control during construction.

See Appendix 4 for an example of a design for this type of structure.
Stream diversion structures
Similar considerations as for drop structures as high flows will over-top the structure and flow into the
existing stream bed. However, in this case, both downstream flow channels need to be protected (i.e.
the existing stream bed and the historic stream bed to which flow is being diverted).
Flow re-distribution systems
The proposed flow distribution systems are aimed at re-distributing flow that has been channelled
into a single narrow channel due to the construction of a farm dam or due to a deep erosion incision
of the stream bed. In the case of old farm dams that are still functional, this can be done by piping
the water from the bottom outlets, or where no bottom outlets have been installed, diverting the
overflow spill back to the stream bed at intervals.
Stream/channel plugs
In sections of the stream where there is potential for bed erosion, installing a plug to stabilise the bed
and encourage sediment deposition will prevent the onset or continuation of the erosion. The plug
can be in the form of a gabion structure that is well anchored into the wall of the channel. This is
normally only applicable on side channels and small streams.
Stabilization of embankments and channels
In some areas embankments and small channels have become vulnerable due to loss of vegetation
and/or excessive erosion. Mac Mat offers a stabilization system that will minimize further erosion and
provide an anchoring system for vegetation to re-establish itself.
Flow dispersion structures
Similar considerations as for drop structures. The aim of the structure is to divert high flows onto the
flood plain where this is fairly flat and will not result in new channelling due to higher flows in the
flood plain. Dispersion of high flows will enhance the flood plain and buffer zones.

3.4.

Non- Constructed Intervention (Soft) Philosophy

The following soft interventions (non-constructed interventions) are envisioned as being part of the
overall rehabilitation and management of EMU’s, including wetlands and terrestrial zones. Each is
described generally and in principal here and may or may not be required within each EMU (as
outlined in specific management/rehabilitation requirements for each EMU). Soft interventions listed
below are specific once-off actions that precede and compliment ongoing land management
strategies (See Section 3.5).
Control of alien invasive plant species
3.4.1.1.
Perennial species
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Alien tree species should be removed in keeping with acceptable practices. This activity, although a
CARA requirement anyway, will result in improved species composition in both wetlands and
grasslands, and hence a higher PES score as well as limit the loss of wetland habitats. Locate and
remove alien tree species and remove material from site for destruction or composting. Alien trees
should be cut at ground level and poison applied to prevent coppicing. It is critical that soil profiles are
not disturbed during this process.
3.4.1.2.
Annual weeds
Weeds should be controlled during ongoing management of EMUs (See Section 3.5).
Grazing regime management
The grazing regime should be actively managed as part of land management strategies for each EMU
(See Section 3.5).
Fire regime management
The fire regime should be actively managed as part of land management strategies for each EMU (See
Section 3.5).
Rehabilitation of anthropogenic scars, terraces, canals and agricultural disturbance
Identified areas should be landscaped to match expected and surrounding profiles. Where fill material
is required to elevate levels only topsoil or wetland substrates should be used. It is suggested that
these are available from ADF where surface substrates are to be cleared, or they could be cleared for
express use here. Canals should be plugged to pre-excavation levels either in entirety or at 5m
intervals (depending on position in the landscape) using wetland substrate material from the ADF
area. Care should be taken not to introduce alien species propagules/seed and no substrates are to
be used that cannot support desired regrowth by indigenous plant species.
Management of past and present agricultural fields
Current agricultural activities should cease within wetlands in order to promote the establishment of
secondary grassland. This will also reduce favourable conditions for alien weeds species, which in turn
will reduce their abundance, will promote infiltration of precipitation (important for seeps) with a
concurrent reduction in erodibility, and will retard the loss of topsoil. All artificial mounds should be
levelled and eroded areas rectified (see guidelines outlined for erosion control). Where fields are
completely denuded indigenous grass seed may be collected from surrounding areas and spread onto
the soil surface during the rainy season. Crops that may arise from seed banks should be treated as
alien species (see guidelines outlined for control of alien invasive plant species -Section 3.5).
Removal of rubble and debris
At the onset of EMU management, a general sweep of the entire area should be conducted and all
rubble and debris removed offsite. In extreme cases landscaping or rehabilitation of remaining scars
may be required. Once conducted, additional interventions should not be required.
Removal of old / unnecessary fences
The removal of all internal fences is so that grazers are not restricted to an area other than the entire
area (EMU or more). This will promote movement of grazers and distribution of grazing and trampling
pressure. Remove all internal fencing and patrol exterior fence to make sure condition is good enough
to keep stock in.

3.5.

Land Management Philosophy

Once interventions have been installed, both constructed and non-constructed (see sections 3.3and
3.4) each EMU should be managed according to its specific management strategy. However, some
general management practices that will apply are outlined below:
23
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Control of alien invasive plant species
3.5.1.1.
Perennial species
Once perennial alien plant species have been removed, regular monitoring should be conducted to
highlight the presence or new colonization of aliens. These should be removed in the same wat as
outlined above.
3.5.1.2.
Annual weeds
Weeds should be controlled by way of mowing during reproductive (flowering or fruiting) periods, or
with the use of fire (although this option is practically unlikely). This will reduce the abundance of alien
species in wetlands and grasslands, improve natural species composition and habitats and promote
growth of grasses or wetland plants in heavily invaded areas. Locate areas where weed species occur
in high density / abundance. Mow alien weeds to ground level as soon as flowering is prolific trying to
prevent the onset of viable seed. Repeat until no flowering is observed.
Grazing regime management
A reduction in grazing pressure in places and an increase in others, but not complete removal. Grazing
promotes both grassland and wetland health and should occur at an intensity that will promote
regrowth, resilience and species diversity without the negative effects of either over or under
utilisation. It is also suggested that indigenous grazers such as Blesbok, Common Duiker, Steenbok,
Grey Rhebok or Reedbuck be used instead of cattle, and that goats be avoided completely. Some of
these indigenous grazers already exist in low numbers in some areas. Good quality grassland may also
be achieved with managed loads of cattle but this may prevent the demarcation of an area as a nature
reserve and hence markedly reduce any credits gained through an offset. Purchase stock and monitor
population numbers. Also monitor for signs of overgrazing. Should overgrazing occur select stock
should be moved, sold or culled.
Fire regime management
It is unlikely that fire will be used as a management tool due to the dangers posed if fires should
escape. Ideally, grasslands should be burnt approximately once every 5 years just after the onset of
the first rains. Fire, if applied correctly (frequency and intensity) promotes species diversity and
general grassland health, and can help control alien annual species. In fenced areas care should be
taken of livestock or wildlife, another reason fire may not be a practical management tool to employ.
Erosion control
Regular patrols should be conducted to assess the condition of rehabilitation sites as well as monitor
for additional erosion. Each incident should be notes, assessed and managed according to its nature.
Management of past and present agricultural fields
Past agricultural areas are to be monitored for the presence of alien plant species and erosion, and
managed accordingly. The desired outcome for such areas is for the development of secondary
grassland or seepage wetland species, whichever is applicable.

3.6.

Intervention Labelling Rationale

The following rationale has been used to label the proposed interventions:
1)
2)
3)
4)
5)
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Quaternary Catchment Code:
EMU Code:
Hard or Soft Intervention:
Intervention Number in the EMU:
Related intervention (if applicable):

In this case B20F
A, B, C, D or E
H or S
001-999
a-z (only used if interventions are related)
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An example for the third hard intervention in EMU B would be the following:

B20F-BH-003
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4. EMU A: UPPER HOLSPRUIT (PHASE 1)
EMU A falls within Phase 1 of the Kusile Wetland Offset Strategy. This is generally as a result of the
land owner being Eskom and there being no major barriers identified to the offset planning to date.

4.1.

Wetland Description

The Holspruit starts from three similar-sized channels, all subtended by extensive areas of hillslope
seepage wetlands before each channel becomes distinct. Several variously-sized farm dams are
scattered along its length, some of these dams resulting in and subtending the start of channels. EMU
A does not include the upper reaches of the Holspruit, excluding much of the seepage wetland area,
but includes about 50% of the channeled valley bottom wetlands of the three tributaries that
contribute to the main channel. The main channel of the Holspruit starts on Eskom-owned property
upstream of farmer’s dam. Although this area is not part of EMU A it contributes directly downstream
to EMU A and is characterized by agricultural practices within seepage wetland areas, patches of dense
alien plant species, mostly woody, and extensive erosion and sediment inputs from laydown and other
disturbed areas. The first unnamed tributary of the upper Holspruit has extensive quarry disturbance
in its upper reaches and several small farm dams along its length before it enters EMU A. Similarly, the
second unnamed tributary that enters the Holspruit in EMU A also has several farm dams and
agricultural activities. Other than farm dams, EMU A is characterized by two wetland HGMs (Figure
4-1): Hillslope seep wetlands comprise about 55% of the wetland area (roughly 97 Ha) while channeled
valley bottom wetlands make up the other 45% (roughly 79 Ha).

Figure 4-1. Wetland HGMs within Environmental Management Unit A.

4.2.

Impacts on Wetlands

The main impacts related to wetlands within EMU A comprise alterations to hydrology,
geomorphology and vegetation: The hydrological regime has been altered in the following ways, all of
26
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which are detrimental to wetland form and function: increased runoff, rather than infiltration, due to
surface hardening upstream of wetlands (and on occasion within wetlands), channelling of flows
through culverts under obstructions such as roads and damming which alters the nature of floods and
usually shifts flow off course. The overall result is that flows tend to be flashier with greater energy
for disruption including erosive capacity and lack of retention.
Such alterations to flow contribute to the deterioration of the geomorphic template, which together
with resultant effects of overgrazing and high trampling pressures, has been altered to an incised,
more confined channel with a higher ability to dissipate flows and lower probabilities of flooding
beyond the channel. In places, direct intervention and disturbance has re-routed the main channel
and in so doing altering the hydrological, geomorphic and vegetative characteristics of remaining
wetlands. In addition, several farm dams have completely altered geomorphological characteristics in
such localised areas. In EMU A, notable disturbance with seep wetlands includes canals and
excavations designed to more rapidly drain seepage areas and dissipate what should be slow
infiltrating and overland flows. This is presumably done to dry grassland areas out for better and more
extensive grazing.
Wetland vegetation has been notably altered in areas where alien plant species have invaded (e.g.
Poplars within the wetlands) and where overgrazing and trampling have denuded areas to various
degrees. Such overgrazing promotes the establishment of unpalatable and unwanted plant species,
thereby altering species composition, but also increases vulnerability to erosion and hence altered
infiltration processes. Less notable alterations to vegetation include a shift in species composition and
abundance as channels incise and surrounding areas become drier. This is especially notable along the
active channel of channelled valley bottom wetlands, but is also discernible in some places within seep
wetlands where canals have been excavated to drain such areas.
Please see Appendix 1 for the detailed wetland ecological assessment.

4.3.

Wetland Rehabilitation Objectives

The following comprise the rehabilitation objectives for wetlands within EMU A:
1)
2)
3)
4)
5)
6)
7)
8)
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To address channel incision of the main active channel as much as is practically possible.
To re-route channel diversions back to the original alignment/s.
To promote dispersal and retention of flow in areas where this is beneficial to wetlands.
To remove perennial alien invasive plants species.
To restore water retention and seepage functionality to hillslope seep wetlands.
To promote grazing regimes that are beneficial to wetland condition.
To protect wetlands from the upstream environment (upstream of the D686 road).
To address non-functional dams where these have failed and promote wetland restoration in
such vicinities.
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Constructed Interventions (Hard)

Figure 4-2: Localities of proposed constructed interventions in EMU A

Constructed interventions (Hard) have been proposed towards achieving the rehabilitation objectives
(Figure 4-2 Table 4-1). Appendix 2 includes the detailed designs for each intervention.
Table 4-1: Descriptions and cost estimates of constructed interventions proposed in EMU A (See Appendix 2 for detailed
designs)

Intervention
Code

Intervention/
Structure/
Activity Type
B20F AH 001 Drop
Structure
B20F AH 002 Drop
Structure
B20F AH 002 Gabion
(a and b)
Basket
B20F AH 005 Earth Works
B20F
AH Gabion
005a
Basket
B20F AH 006 Drop
Structure
B20F AH 007 Drop
Structure
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Intervention Description

A small drop structure is required to protect the downstream
environment from the road channelling
A stone masonry drop structure is required to Rectify head cut,
prevent additional erosion and retard turbidity
Two gabion structures are required to rectify minor head-cut on
tributary, prevent additional erosion
Close the dam wall on the right bank, deactivate the right channel
and open and widen the dam wall exit in the central area.
Install gabions to protect drop into existing stream
Install a small weir drop structure to raise water levels by 500600mm so that seepage areas don't begin to form head cuts.
Install a small weir drop structure to raise water levels by 500600mm so that seepage areas don't begin to form head cuts.
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B20F AH 012

Intervention/
Structure/
Activity Type
Drop
Structure
Drop
Structure
Drop
Structure
T-Junction

B20F AH 013

Reinforcing

B20F AH 014

Leak Points

B20F AH 015

Gabion
Basket
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Gabion
Basket
Drop
Structure
Drop
Structure

B20F AH 008
B20F AH 009
B20F AH 010

B20F AH 017
B20F AH 018
B20F AH 019
B20F AH 020
B20F AH 021
B20F AH 022
B20F AH 023
B20F AH 024
B20F AH 025
B20F AH 026
B20F AH 027
B20F AH 028
B20F AH 029

4.5.

Intervention Description

Install a small weir drop structure to raise water levels by 500600mm so that seepage areas don't begin to form head cuts.
Install a small weir drop structure to raise water levels by 500600mm so that seepage areas don't begin to form head cuts.
Install a small weir drop structure to raise water levels by 500600mm so that seepage areas don't begin to form head cuts.
Pipe outlet from the dam to be fitted with a T-junction to dissipate
flow across the valley floor
Reinforce dam wall and raise level at centre. Remove aliens
impacting on wall integrity
High flow canal to be cut off and used only for flood control, but
"leak" points to be installed along its length
Install gabion “plugs” in channels and use macmat to plug seep
wetland cuttings
Drop Structure: Install a stone masonry drop structure to raise water
levels to arrest formation of headcuts.
Drop Structure: Raise water level and deactivate head-cut
Drop Structure: Continue with head-to-toe to raise water table
Drop Structure: Continue with head-to-toe to raise water table
Drop Structure: Continue with head-to-toe to raise water table
Continue with head-to-toe to raise water table
Stone masonry drop structure – first in series on Holfontein tributary
Stone masonry drop structure – 2nd on Holfontein tributary
Stone masonry drop structure – 3rd on Holfontein tributary
Stone masonry drop structure – 4th on Holfontein tributary
Gabion protection at side entrance to main stream
Stone masonry drop structure – 5th on Holfontein tributary
Stone masonry weir structure – within breached wall

Non-constructed Interventions (Soft)

Non-constructed interventions are aimed towards rehabilitating general historical and land use
impacts that do not require construction. The relative ease within which the non-constructed
interventions can be implemented (does not require designs) allows for flexability in their
implementation. As an example, if an additional drainage canal is identified during intervention
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implementation, then it can be dealt with accordingly. For this reason, general zones of required
interventions have been identified (Figure 4-3).

Figure 4-3. Overview map of general areas for non-constructed interventions (red areas indicate alien species removal; purple
lines indicate canals).
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The following activities should be applied, but not limited, to the zones identified in Figure 4-3.
4.5.1.1.
Activity Code
Location of Impact
Notes

Fill Drainage Canal
B20F-AS-001
See Figure 4-3
The drainage canals are associated with the abandoned dwelling
south of the impact and appear to drain seepage wetlands and
transfer water form farm dams
Approximate Extent of 90m x 3m; 800m x 3m
Activity
Estimated Cost
Labour (1 team -5 Pax)
Equipment (TLB, compactor,
picks, spades)
TOTAL
4.5.1.2.
Activity Code
Location of Impact
Notes

Removal of Alien Vegetation
B20F-AS-002
See Figure 4-3
Alien vegetation stands include Acacia mearsii. Eucalyptus
camuldulensi, Poplus X canescence, Sesbanea puncicea and
scattered Salix babylonica.
Approximate Extent of Activity
30 Ha
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer,
chainsaw,
hand
saws,
gloves,
consumables [petrol & oil], rakes)
TOTAL
4.5.1.3.
Activity Code
Location of Impact
Notes

Installation of soil/clay plugs
B20F-AS-003
See Figure 4-3
The installation of soil/clay plugs may be necessary between
K7 and K9, and between K27 and K28 to impede flow and
facilitate the efficiency of required diversions.
The
requirement should be determined on site as engineering and
surveying proceeds. It is envisioned that natural wetlands soils
or clays (containing indigenous seed banks) removed from the
ADF be utilised for this purpose.
Approximate Extent of Activity
localised
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer,
compactor, gloves, spades, rakes)
TOTAL

4.6.

Management of Land

Land Management required in this EMU includes the following (See Section 3.5 above for rationale
and strategy for each):
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Removal of internal fences
Grazing management;
o Managing grazing pressure on wetlands and buffers
o Reduction and redistribution of grazing pressures
o Monitoring of grassland and wetland condition
Ongoing alien vegetation removal and control
Conduct regular monitoring to evaluate offset goals and securities of the offset strategy
o This is to include assessment and monitoring of erosion associated with interventions
as well as within the EMU and should take cognisance of additional changes to the
hydrological flow regime and potential further incision.
o In addition to conducting monitoring, data analysis and reports should be produced
to determine whether management action is required.

4.7.

Baseline M&E Data

Areas to be Monitored
No significant impacts have been identified to be monitored at this point.
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5. EMU B: UPPER KLIPFONTEINSPRUIT (PHASE1)
EMU B falls within Phase 1 of the Kusile Wetland Offset Strategy. This is generally as a result of the
land owner being Eskom and there being no major barriers to the offset planning to date.

5.1.

Wetland Description

EMU B includes a large portion of the upper Klipfonteinspruit, but there is extensive development and
proposed development upstream of this EMU. The upper reaches and source area of the
Kilpfonteinspruit (and upstream of this EMU) are currently extensively farmed, but have been
demarcated for the placement of the Ash Disposal Facility (ADF). Two more tributaries join the
Klipfonteinspruit farther downstream within this EMU, one of which is channeled, the other of which
is unchanneled, but both of which are directly and indirectly impacted by the Kusile Power Station
Facility. The channeled tributary has been exposed to channel diversion and engineering around the
central Power Station Facility.
The Klipfonteinspruit starts from extensive areas of hillslope seepage wetlands on the main stem as
well as tributaries, before each channel becomes distinct. Several variously-sized farm dams are
scattered along its length, but only one of which is within EMU B. EMU B does not include the upper
reaches of the Klipfonteinspruit, nor its tributaries, excluding much of the seepage wetland area, but
includes most of the channeled valley bottom wetlands that are not part of the ADF. The main channel
of the Klipfonteinspruit within this EMU extends from the D686 to the start of Topigs property and
exits through a fairly large farm dam. Although it’s upper reaches are not part of EMU B they
contribute directly downstream to EMU B and are characterized by extensive agricultural practices
and erosion and sediment inputs from farmlands and other disturbed areas. In addition, large extents
of hardened surfaces contribute to altered hydrological regimes. Other than farm dams, EMU B is
characterized by two wetland HGMs (Figure 5-1): Hillslope seep wetlands comprise about 89% of the
wetland area (roughly 239 Ha) while channeled valley bottom wetlands make up the other 11%
(roughly 29 Ha). This large difference is extent of the different HGM units may skew ecological
assessments and should be considered when interpreting outcomes. Several portions of channeled
valley bottom wetlands meander to the point of almost become meandering floodplain wetlands.
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Figure 5-1. Wetland HGMs within Environmental management unit B.

5.2.

Impacts on Wetlands

The main impacts related to wetlands within EMU B comprise alterations to hydrology,
geomorphology and vegetation: The hydrological regime has been altered in the following ways, all of
which are detrimental to wetland form and function: increased runoff, rather than infiltration, due to
surface hardening upstream of wetlands (and on occasion within wetlands), channelling of flows
through culverts under obstructions such as roads and damming which alters the nature of floods and
usually shifts flow off course. The overall result is that flows tend to be flashier with greater energy
for disruption including erosive capacity and lack of retention.
Such alterations to flow contribute to the deterioration of the geomorphic template, which has been
altered to an incised, more confined channel with a higher ability to dissipate flows and lower
probabilities of flooding beyond the channel. In places, direct intervention and disturbance has rerouted the main channel and in so doing altered the hydrological, geomorphic and vegetative
characteristics of remaining wetlands. Increased turbidity from upstream agriculture is also expected
to result in deposition in localised areas.
Wetland vegetation has been altered in areas where alien plant species have invaded (e.g. Poplars
within the wetlands) but such areas are few and localised. Past agricultural activity within seepage
wetlands has promoted the establishment of unpalatable and unwanted plant species, thereby
altering species composition. Less notable alterations to vegetation include a shift in species
composition and abundance as channels incise and surrounding areas become drier. This is especially
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notable along the active channel of channelled valley bottom wetlands, but is also discernible in some
places within seep wetlands. Wetland vegetation (species composition and extent) have also been
altered upstream in the backup zones of the dam at the downstream exit point of the EMU.
Please see Appendix 1 for the detailed wetland ecological assessment.

5.3.

Wetland Rehabilitation Objectives

The following comprise the rehabilitation objectives for wetlands within EMU B:
1)
2)
3)
4)
5)
6)

To address channel incision of the main active channel as much as is practically possible.
To promote dispersal and retention of flow in areas where this is beneficial to wetlands.
To remove perennial alien invasive plants species.
To restore water retention and seepage functionality to hillslope seep wetlands.
To promote grazing regimes that are beneficial to wetland condition.
To protect wetlands from the upstream environment (upstream of the D686 road [the
proposed ADF] and the Power station facility).
7) To address non-functional dams where these have failed and promote wetland restoration in
such vicinities.

5.4.

Constructed Interventions (Hard)

Figure 5-2: Localities of proposed constructed interventions in EMU B

Constructed interventions (Hard) have been proposed towards achieving the rehabilitation objectives
(Figure 5-2; Table 5-1). Appendix 2 includes the detailed designs for each intervention.
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Table 5-1: Descriptions and cost estimates of constructed interventions proposed in EMU B (See Appendix 2 for detailed
designs

Intervention
Code
B20F
BH 001
B20F BH 002
B20F BH 003
B20F BH 004
B20F BH 005
B20F BH 006
B20F BH 007
B20F BH 008
B20F BH 010
B20F BH 011
B20F BH 012
B20F BH 013
B20F BH 015

5.5.

Intervention/ Intervention Description
Structure/
Activity Type
Drop
A weir structure is required to protect the downstream environment
Structure
from the road channelling.
Drop
Structure
Drop
Structure
Gabion
Basket
Drop
Structure
Drop
Structure
Drop
Structure
Drop
Structure
Diversion
Weir
Diversion
Weir
Drop
Structure
Drop
Structure
Drop
Structure

Drop Structure: Install a stone masonry drop structure to raise water
levels to arrest formation of headcuts.
Drop Structure: Install a stone masonry drop structure to raise water
levels and to arrest formation of headcuts.
Stabilise stream bed where head cut has been initiated
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
To divert flow from incised stream back to wetland plain
To divert flow from incised stream back to wetland plain
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.
Install a stone masonry drop structure to raise water levels and to
arrest formation of headcuts.

Non-constructed Interventions (Soft)

Non-constructed interventions are aimed towards rehabilitating general historical and land use
impacts that do not require construction. The relative ease within which the non-constructed
interventions can be implemented (does not require design) allows for flexibility in their
implementation. As an example, if an additional drainage canal is identified during intervention
implementation, then it can be dealt with accordingly. Provisions are thus made here to expect specific
impacts in the landscape and deal with them accordingly (Figure 5-3).
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Figure 5-3. Overview map of general areas for non-constructed interventions (K14 – instream wetland habitat creation; K19
– alien plant species removal).

5.5.1.1.
Removal of Alien Vegetation
Activity Code
B20F-BS-001
Location of Impact
See Figure 5-3
Notes
Alien vegetation stand comprised of Poplus X canescens at waypoint K19
Approximate Extent 400 m2
of Activity
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (tractor & trailer, chainsaw, hand saws,
gloves, consumables [petrol & oil], rakes)
TOTAL
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5.5.1.2.
Activity Code
Location of Impact

Sloping of Agricultural Scars
B20F-BS-002
See Figure 5-3 for EMU but these are not shown and occur scattered
throughout the EMU
Notes
Water diversions, ridge and furrow and general agricultural earth works
need to be removed in both wetlands and buffer zones in order to allow
natural hydrological infiltration and overland flows. Landscapes profiles are
to approximate the general surroundings and to utilise topsoil if infilling is
required.
Approximate Extent 1.2 Ha
of Activity
Estimated Cost
Labour (1 team – 5 pax)
Equipment (TLB, tractor & trailer, compactor, spades,
rakes, gloves)
TOTAL
5.5.1.3.
Activity Code
Location of Impact
Notes

Approximate
Extent of Activity
Estimated Cost

Promote In-stream Habitats
B20F-BS-003
See Figure 5-3 in vicinity of K14
Create wetland habitats within the approximately 10m-wide and 3m deep
incised channel. It will not be possible to restore to the original water table
height but a compromise would be to create wetland habitat within the
channel. This would require the installation of wetland material removed
from the ADF and stabilising of such material e.g. loose rock packing placed
within the channel where vegetation may establish given the substrate.
1800 m2
Labour (1 team – 5 pax)
Equipment (TLB, tractor & trailer, compactor, spades,
rakes, gloves)
TOTAL

5.6.

Management of Land

Land Management required in this EMU includes the following (See Section 3.5 above for rationale
and strategy for each):
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Removal of internal fences
Grazing management;
o Managing grazing pressure on wetlands and buffers
o Reduction and redistribution of grazing pressures
o Monitoring of grassland and wetland condition
Ongoing alien vegetation removal and control
o Especially where agricultural scars have been landscaped or where substrates have
been introduced to site
Conduct regular monitoring to evaluate offset goals and securities of the offset strategy
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This is to include assessment and monitoring of erosion associated with interventions
as well as within the EMU and should take cognisance of additional changes to the
hydrological flow regime and potential further incision.
In addition to conducting monitoring, data analysis and reports should be produced
to determine whether management action is required.

Baseline M&E Data

Areas to be Monitored
No significant impacts to be monitored at this point.
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6. EMU C: DOWNSTREAM KLIPFONTEINSPRUIT (PHASE 3)
EMU C falls within Phase 3 of the Kusile Wetland Offset Strategy. The rehabilitation proposed for this
portion does not trigger listed activities and thus is not included in this report.

7. EMU D: DOWNSTREAM HOLSPRUIT (PHASE 2)
EMU D falls within Phase 2 of the Kusile Wetland Offset Strategy. This property is privately owned and
due to temporal limitations in terms of aligning the various processes and obtaining land owner
consent, this property has not been included in the application of the Environmental Authorisation
(EA).

8. EMU E: HOLSPRUIT TRIBUTARIES (PHASE 4)
EMU E falls within Phase 4 of the Kusile Wetland Offset Strategy. This is generally as a result of the
land owner being private and there being various major barriers to the offset planning process. The
major critical barrier being in a lack of permission to access these properties.
There remains uncertainty on the inclusion of EMU E in the offset plan. The considerations have been
brought to light through consultations with Eskom Lands and Rights Department. Much of the farm
portions which fall within this EMU are currently under transfer of ownership from Eskom to various
communities that were relocated during the construction phase of Kusile Power Station. There is a
concern from the Eskom Lands and Rights Department that proposed offset activities may disrupt
community activities on this land. The details around the feasibility of including this EMU, being aware
of the risks, are currently being investigated. For these reasons this portion has not been included in
the application of the Environmental Authorisation.

9. EMU F: UPPER HOLSPRUIT FARMERS (PHASE 5)
EMU F falls within Phase 5 of the Kusile Wetland Offset Strategy and represents wetlands on the Kusile
Power Station footprint. This EMU displays low risks to achieving offset goals generally as a result of
the land owner being Eskom and there being no major barriers identified (to date) to the offset
planning. The Phase is displayed as number 5 as this EMU was included in this scope of work after
phases had been allocated to EMU’s. It is for this reason that, for scheduling purposes, Phase 5 may
be dissolved into Phase 1 as the project develops.
Due to this recent inclusion of Phase 5, the feasibility assessment of rehabilitation has not been
completed and will be included in subsequent deliverables. Consultations with landowners have
commenced.

9.1.

Wetland Description

EMU F contains the source of the Holspruit, which comprises a large seep area that forms a main
channel about halfway downstream within in EMU. Most of the wetlands are hillslope seepage
wetlands linked to a channel, with two large farm dams and one smaller. These extensive seep areas
do form channeled valley bottom wetlands downstream and still within EMU F, where some of the
channel formation is aided by the presence of farm dams. Much of the catchment is degraded due to,
agricultural activities, especially within seeps, large farm dams, sediment and high-energy flow inputs
from surrounding hardened surfaces (mainly laydown areas and roads), invasion by Eucalyptus
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plantations and some grazing and trampling. Where the main channel is surrounded by Eucalyptus
plantations understorey non-woody vegetation is mostly absent and channels and banks have incised
and undercut respectively.
EMU F is characterized by two wetland HGMs (Figure 9-1): Hillslope seep wetlands directly linked to a
channel comprise about 94% of the wetland area (roughly 97 Ha) and channeled valley bottom
wetlands make up the other 6% (roughly 6.5 Ha).

Figure 9-1. Wetland HGMs within EMU F.

9.2.

Impacts on Wetlands

The main impacts related to wetlands within EMU F comprise alterations to hydrology,
geomorphology and vegetation: The hydrological regime has been altered in the following ways, all of
which are detrimental to wetland form and function: increased runoff, rather than infiltration, due to
surface hardening upstream of and surrounding wetlands (mainly roads and lay-down areas),
channelling of flows through culverts under obstructions such as roads and damming which alters the
nature of floods and usually shifts flow off course. Eucalyptus plantations have also facilitated channel
incision and undercutting of banks due to lack of understorey non-woody vegetation. The overall
result is that flows tend to be flashier with greater energy for disruption including erosive capacity and
lack of retention.
Such alterations to flow contribute to the deterioration of the geomorphic template. The main impacts
that affect the geomorphology are agricultural encroachment (especially of hillslope seeps), large farm
dams which trap sediment and alter upstream environments, erosion from storm water where
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surfaces are denuded or hardened, and channel and bed alteration from instability caused by loss of
vegetation. There is also notable disturbance within seep wetlands that includes canals and
excavations designed to more rapidly drain seepage areas and dissipate what should be slow
infiltrating and overland flows.
Wetland vegetation has been notably altered in areas where alien plant species have invaded (e.g.
Eucalyptus plantations) and where agricultural encroachment has denuded areas to various degrees.
Vegetation in backup areas of farm dams have also been highly altered, although localised, such that
reedbeds now characterise these areas. Less notable alterations to vegetation include a shift in species
composition and abundance as channels incise and surrounding areas become drier. This is especially
notable along the active channel of channelled valley bottom wetlands, but is also discernible in some
places within seep wetlands where canals have been excavated to drain such areas.
Please see Appendix 1 for the detailed wetland ecological assessment.

9.3.

Wetland Rehabilitation Objectives

The following comprise the rehabilitation objectives for wetlands within EMU F:
1)
2)
3)
4)
5)
6)
7)

To address channel incision and bank undercutting as much as is practically possible.
To promote dispersal and retention of flow in areas where this is beneficial to wetlands.
To remove perennial alien invasive plants species.
To restore water retention and seepage functionality to hillslope seep wetlands.
To promote grazing regimes that are beneficial to wetland condition.
To protect wetlands from the upstream environment (hardened surfaces and storm water)).
To address non-functional dams where these have failed and promote wetland restoration in
such vicinities.

9.4.
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FS 001

FS 002

Figure 9-2: Localities of proposed constructed interventions in EMU F.

Constructed interventions (Hard) have been proposed towards achieving the rehabilitation objectives
(Figure 9-2; Table 9-1). Appendix 2 includes the detailed designs for each intervention.
Table 9-1: Descriptions and cost estimates of constructed interventions proposed in EMU E (See Appendix 2 for detailed
designs)

Intervention
Code
B20F FH 003

B20F FH 004

B20F FH 005

9.5.
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Intervention/
Structure/
Activity Type
Stream
Diversion
Structure
Drop
Structure

Drop
Structure

Intervention Description

Divert flow from dam overflow channel back to main channel
rewetting an additional 50m of wetlands
A concrete structure is required to raise the water level by about
500mm. This will rewet upstream and lateral wetland areas, halt the
current incision, retard the upstream headcut and remove the
perennial alien Sesbanea punicea by inundation-induced mortality.
This is a large headcut (>2m) which is expanding rapidly upstream
and laterally. A large concrete box structure with steps is required to
arrest the headcut and protect the upstream and lateral
environments. This area will also need to be monitored, especially
since banks downstream of the structure may start new additional
headcuts in a lateral direction.

Non-constructed Interventions (Soft)
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Non-constructed interventions are aimed towards rehabilitating general historical and land use
impacts that do not require construction. The relative ease within which the non-constructed
interventions can be implemented (does not require designs) allows for flexibility in their
implementation. As an example, if an additional drainage canal is identified during intervention
implementation, then it can be dealt with accordingly. For this reason, general zones of required
interventions have been identified (Figure 9-3).

Figure 9-3. Overview map of general areas for non-constructed interventions (red areas indicate alien species removal).
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The following activities should be applied, but not limited, to the zones identified in Figure 9-3.
9.5.1.1.
Activity Code
Location of Impact
Notes

Break open channel in old farm dam
B20F-FS-001 (K66)
See Figure 9-3
Dam wall should be removed to channel bank height and bypass
channel closed.
Approximate Extent of 20m x 3m
Activity
Estimated Cost
Labour (1 team -5 Pax)
Equipment (TLB, compactor, picks, spades)
TOTAL
9.5.1.2.
Activity Code
Location of Impact
Notes

Removal of Alien Vegetation
B20F-FS-002
See Figure 9-3 (red area)
Alien vegetation stands include Acacia mearsii and Eucalyptus
camuldulensis
Approximate Extent of Activity
17 Ha
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer, chainsaw, hand
saws, gloves, consumables [petrol & oil], rakes)
TOTAL
9.5.1.3.
Activity Code
Location of Impact
Notes

Place rocks into stream channel
B20F-FS-003 (K65)
See Figure 9-3
The main channel is incised and undercut with many exposed
Eucalyptus roots. The erosion and undercutting should be
addressed by filling in the channel with large stones. Alien
Gums should be removed from the area, but those close to the
channel cut and allowed to coppice. Their demise should be
planned over time to facilitate the recovery of non-woody
vegetation first in order to stabilise banks.
Approximate Extent of Activity
localised
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer, compactor, gloves,
spades, rakes)
TOTAL
9.5.1.1.
Activity Code
Location of Impact
Notes

Landscape and fill excavations
B20F-FS-004 (K67)
See Figure 9-3
A number of excavations within seep areas. These should be
landscaped and simply filled in as no channel should exist
within seep wetlands.
Approximate Extent of Activity
localised
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Estimated Cost

Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer, compactor, gloves,
spades, rakes)
TOTAL

9.6.

Management of Land

Land Management required in this EMU includes the following (See Section 3.5 above for rationale
and strategy for each):







Removal of internal fences
Cessation of agriculture within the EMU
Grazing management;
o Managing grazing pressure on wetlands and buffers
o Reduction and redistribution of grazing pressures
o Monitoring of grassland and wetland condition
Ongoing alien vegetation removal and control
Conduct regular monitoring to evaluate offset goals and securities of the offset strategy
o This is to include assessment and monitoring of erosion associated with interventions
as well as within the EMU and should take cognisance of additional changes to the
hydrological flow regime and potential further incision.
o In addition to conducting monitoring, data analysis and reports should be produced
to determine whether management action is required.

9.7.

Baseline M&E Data

Areas to be Monitored
The key head-cut at B20F FH 005 must be monitored post construction.
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10. EMU G: UPPER KLIPFONTEINSPRUIT ARMCO (PHASE 5)
EMU G falls within Phase 5 of the Kusile Wetland Offset Strategy and represents wetlands on the Kusile
Power Station footprint. This EMU displays low risks to achieving offset goals generally as a result of
the land owner being Eskom and there being no major barriers identified (to date) to the offset
planning. The Phase is displayed as number 5 as this EMU was included in this scope of work after
phases had been allocated. It is for this reason that, for scheduling purposes, Phase 5 may be dissolved
into Phase 1 as the project develops.

10.1.

Wetland Description

EMU G contains the source of a major tributary to the Klipfonteinspruit, as well at the Kusile power
plant itself. Most of the wetlands in this EMU are hillslope seepage wetlands, both linked to a channel
and not linked to a channel. A significant portion of wetlands within this EMU have however been
completely transformed by the development of the power plant, and exist now as artificial wetlands
that form part of a stream diversion, but which still decants directly into existing natural wetlands.
Seepage wetlands surround and feed significant channeled valley bottom wetlands, much of which
now form part of the stream diversion. The portion remaining is also under pressure from road
crossing, pipeline crossings and surrounding infrastructure which includes roads, storm water barriers
and discharge pipes, retention dams and their decant zones, and ash and dust inputs from surrounding
operations. Past agricultural disturbance is also still visible and the area supports many weed species,
often in high density.
EMU G is characterized by two wetland HGMs (Figure 10-1Figure 9-1): Hillslope seep wetlands directly
linked to a channel comprise about 41% of the wetland area (roughly 33 Ha), Hillslope seep wetlands
not directly linked to a channel comprise about 47% of the wetland area (roughly 37 Ha) and
channeled valley bottom wetlands make up the other 12% (roughly 9 Ha).
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Figure 10-1. Wetland HGMs within EMU G.

10.2.

Impacts on Wetlands

The main impacts related to wetlands within EMU G comprise alterations to hydrology,
geomorphology and vegetation:
The hydrology of channelled valley bottom wetlands has been altered by the upstream development
of the power plant and all its associated structures and infrastructure, including wetland and channel
diversions, hardened surfaces and various retention dams. Overall the flows would have increased in
both volume and rate of dissipation i.e. flows are flashier after rainfall events and move through the
system much faster and with more energy than natural. Base flows are also likely to be elevated due
to decanting from plant operations, especially where retentions dams decant.
The hydrology of seepage wetlands has been altered by surrounding these wetlands with roads,
barriers, storm water controls and pipe discharges, hardened surfaces and retention dams. It is likely
that seepage into and through these wetlands has been drastically reduced in most areas except for
localised decanting from retention dams. In addition, in localised areas where retention dams decant,
there is a notable increase in overland flow, with associated erosion and change in vegetation, and in
some areas incision.
Such alterations to flow contribute to the deterioration of the geomorphic template. Much of the EMU
has been severely altered with wetland and channel diversions and the creation of artificial wetlands
and drainage channels. Road crossings and pipelines across the wetland have severely affected
geomorphology in localised areas and have also resulted in notable sedimentation in others. These
areas now tend to support reedbeds which afford protection but are not naturally occurring. Incision
of the channel is also prevalent and increases in magnitude downstream. In seep wetlands, notable
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disturbances and excavation occur in localised areas where roads and pipelines cross wetlands, and
where storm water has eroded gullies within wetlands. Sediment deposition also occurs in areas
where retention dams decant.
Vegetation along valley bottom wetlands is in good condition where it has not been directly affected
by disturbances. Areas where roads and pipelines cross the wetland have resulted in localised
denudation and sedimentation that now support reeds where sedges and grasses would have
occurred. Since reeds have been used upstream in artificial wetlands there is a greater risk of the
spread of this species to downstream wetlands. Seepage wetlands linked to a channel support an
array of alien weed species, and in high densities in localise areas. Where retention dams decant
species composition is changing to more obligate wetland species. A large portion of seepage
wetlands not linked to a channel still bears the scars of past agricultural activities and now supports
many weed species and in high densities in localised areas.
Please see Appendix 1 for the detailed wetland ecological assessment.

10.3.

Wetland Rehabilitation Objectives

The following comprise the rehabilitation objectives for wetlands within EMU G:
8) To address channel incision as much as is practically possible.
9) To promote dispersal and retention of flow in areas where this is beneficial to wetlands.
10) To manage alien weed species.
11) To prevent erosion / incision of hillslope seep wetlands where retention dams decant.
12) To promote grazing regimes that are beneficial to wetland condition.
13) To protect wetlands from the upstream environment (hardened surfaces and storm water).
14) To rehabilitate current disturbances from the installation of pipeline crossing.
15) To prevent erosion and sediment input from storm water pipes.

10.4.
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Figure 10-2: Localities of proposed constructed interventions in EMU G.

Constructed interventions (Hard) have been proposed towards achieving the rehabilitation objectives
(Figure 10-2; Table 10-1). Appendix 2 includes the detailed designs for each intervention.
Table 10-1: Descriptions and cost estimates of constructed interventions proposed in EMU G (See Appendix 2 for detailed
designs)

Intervention
Code
B20 GH 002
B20 GH 003
B20F GH 004

Intervention/
Structure/
Activity Type
Gabion
Structure
Diversion
Channels
Drop
Structure

B20F GH 005

Drop
Structure

B20F GH 007

Drop
Structure
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Intervention Description

Place small gabion structures along two incision points
Divert culverted flow back to diverse stream bed flow zones.
Place a small concrete structure at the base of dendritically shaped
series of small headcuts to retard further erosion and protect the
upstream environment i.e. prevent incision.
A concrete structure is required to raise the water table by about
600mm and should be downstream of the small side channel which
could develop a headcut. This structure will prevent incision and
rewet some of the lateral seeps.
A concrete structure is required to raise the water level by about 1m.
This will back flow up to the previous riffle which will conserve bank
integrity since banks have begun to slump and disintegrate.
Rewetting lateral wetland areas will also improve the overall
ecological condition, species composition and water retention and
infiltration.

November 2017

Intervention
Code
B20F GH 008
B20F GH 009

10.5.
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Intervention/ Intervention Description
Structure/
Activity Type
Drop
As GH 007, and backs up to GH 007.
Structure
Drop
GH 007 and backs up to GH 008
Structure

Non-constructed Interventions (Soft)

Non-constructed interventions are aimed towards rehabilitating general historical and land use
impacts that do not require construction. The relative ease within which the non-constructed
interventions can be implemented (does not require designs) allows for flexibility in their
implementation. As an example, if an additional drainage canal is identified during intervention
implementation, then it can be dealt with accordingly. For this reason, general zones of required
interventions have been identified (Figure 10-3Figure 9-3).

Figure 10-3. Overview map of general areas for non-constructed interventions.
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The following activities should be applied, but not limited, to the zones identified in Figure 10-3Figure
9-3.
10.5.1.1.
Activity Code
Location of Impact
Notes

Fill donga with large stones / rocks
B20F-GS-001a (K51)
See Figure 10-3Figure 9-3
Pipeline decanting storm water directly into the wetland channel at
the bridge and is severely incising and eroding the banks and causing
sedimentation. This eroded area should be rock-packed to dissipate
energy of storm water and retard further erosion. The reed bed that
has developed as a result of the sedimentation caused at this point is
not natural but has stabilised substrates and is protecting the
downstream environment. These reed beds should be monitored
(aerial cover) as their persistence is vital to protecting the
downstream environment from additional sedimentation.
Approximate Extent of 40m x 3m
Activity
Estimated Cost
Labour (1 team -5 Pax)
Equipment (TLB, tractor & trailer, gloves)
TOTAL
10.5.1.2.
Activity Code
Location of Impact
Notes

Raise dam outlet pipes
B20F-GS-001b (K 52)
See Figure 10-3
Outlet pipes inside the dam should be raised by at least 1m and
lower seep holes blocked. This will retain more water inside
the dam which will either evaporate or infiltrate, which will
afford wetlands more protection.
Approximate Extent of Activity
30m x 2m (x2)
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer, gloves)
TOTAL

Fill erosion gullies with stones
Activity Code
B20F-GS-002 (K 52)
Location of Impact
See Figure 10-3
Notes
As water exits from the dam it is caught by gabion barriers
which promote infiltration but where these have overtopped,
two distinct unnatural channels have incised into the
terrestrial and wetland environment as water flows towards
the main channel. These incised channels can be filled with
loose rocks to retard flow velocity when overtopping occurs
and to prevent and counter additional erosion.
Approximate Extent of Activity
30m x 2m (x2)
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (TLB, tractor & trailer, gloves)
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TOTAL
10.5.2.1.
Activity Code
Location of Impact
Notes

Fill in old well
B20F-GS-006 (K 57)
See Figure 10-3
An old well should be simply filled in with wetland soil/clay and
compacted.
Approximate Extent of Activity
localised
Estimated Cost
Labour (1 team - 5 Pax)
Equipment (compactor, gloves, spades,
picks, rakes)
TOTAL

10.6.

Management of Land

Land Management required in this EMU includes the following (See Section 3.5 above for rationale
and strategy for each):






Removal of internal fences
Grazing management;
o Managing grazing pressure on wetlands and buffers
o Reduction and redistribution of grazing pressures
o Monitoring of grassland and wetland condition
Ongoing alien vegetation control (annual weeds)
Conduct regular monitoring to evaluate offset goals and securities of the offset strategy
o This is to include assessment and monitoring of erosion associated with interventions
and decant areas, as well as within the EMU and should take cognisance of additional
changes to the hydrological flow regime and potential further incision / erosion.
o In addition to conducting monitoring, data analysis and reports should be produced
to determine whether management action is required.

10.7.

Baseline M&E Data

Areas to be Monitored
At GH 004 there is a natural riffle (Figure 10-1) dominated by shallow cobble and gravel and is acting
as a hydraulic control to prevent incision at this point and upstream of it. This point (and others like
it) is important for conserving channel stability and while no intervention is required here these areas
should be monitored so that function is conserved and not lost due to incision or sedimentation.

53

November 2017

Draft: Kusile Final Rehabilitation Report

11. DISCUSSION
11.1.

Additional Risks and Considerations

At this point the major risk to the development of the offset that suitably addresses all challenges and
barriers to a successful offset are the uncertainties surrounding the feasibility of options. The results
of the Phase 2: Wetland Assessment and Rehab Design Report will to a large degree identify, mitigate
and avoid risks towards informing the feasibility of various approaches towards developing the final
offset plan.
Current risks will require further investigation however are listed here to ensure they are sufficiently
addressed in subsequent deliverables. The risks, of which are not fully described but noted, include
the following:








Mining activities upstream of the ADF site.
Possibility that prospecting and mining rights are granted to potential offset areas.
The locality of the B&E quarry within the buffer of the wetlands and the rehabilitation
requirements and associated activities thereof;
The quantity and frequency of discharge under the D686 of both runoff and streamflow
diverted from the ADF catchment region.
The offset calculations assume all mitigation and rehabilitation measures, as described by
WUL conditions for activities and construction of Kusile related infrastructure, will be
appropriately and sufficiently implemented. The lack of this appropriate implementation will
result in additional residual impacts and therefore threaten the success of the offset.
The risks surrounding landowners, their consent for implementation of rehabilitation designs,
willingness and appetite for buffer management, further protection of land or reasonable
purchase by Eskom.

These risks are currently at various stages of mitigation and as the project unfolds it will become
clearer as to what the achievable options include.
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13. APPENDIX 1: WETLAND ECOLOGICAL ASSESSMENTS
13.1.

EMU A

Wet-Health Level 1 (Macfarlane et al., 2007) was used to assess hydrology, geomorphology and
vegetation of wetland HGMs within EMU A, which comprised channel valley bottom wetlands and
hillslope seeps (Figure 13-1). An integrated overall PES for all wetland HGMs was calculated according
to the formula ((Hydrology score*3) + (Geomorphology score*2) + (Vegetation score*2))/7 as outlined
in the manual. The result for EMU A was a score of 4.07 which a PES category of D.

Figure 13-1. Wetland HGMs within EMU A.

Hydrology
The hydrology of channeled valley bottom wetlands has been altered by frequent in-channel dams,
albeit small dams, extensive catchment hardening upstream of the EMU, channeling of flows beneath
the D686 road, extensive channel incision and some invasion by alien plant species. The resultant
category for hydrology of channeled valley bottom wetlands in EMU A is an E (Figure 13-2).
The hydrology of hillslope seepage wetlands has been less drastically altered and includes some
hardened surfaces which have resulted in increased overland flow rather than infiltration, localized
manipulation and disturbance where canals have been excavated to desiccate seepage areas, localized
invasion by alien plant species and high grazing and trampling pressure. The resultant category for
hydrology of hillslope seepage wetlands in EMU A is a C (Figure 13-2).
The integrated score for hydrology of all wetlands, weighted according to extent, was 4.5, which places
hydrology into a D category, with a stable trend.
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Figure 13-2. Present hydrological state of wetlands within EMU A.

Geomorphology
The geomorphology of channeled valley bottom wetlands has been altered mainly by channel incision
but also by scattered manipulation and disturbance such as ploughing at the edge and into wetlands,
farm dams causing backup and inundation of wetland areas, and some trenching to drain wet areas.
Some head cut erosion was evident and incised banks have not stabilised in several places. The
resultant category for geomorphology of channeled valley bottom wetlands in EMU A is a C (Figure
13-3Figure 13-2).
The geomorphology of hillslope seepage wetlands is largely intact but localized manipulation and
disturbance where canals have been excavated to desiccate seepage areas have affected some areas.
Extensive footpaths exist, mainly from livestock and some of these have begun to erode. The resultant
category for geomorphology of hillslope seepage wetlands in EMU A is a B (Figure 13-3Figure 13-2).
The integrated score for geomorphology of all wetlands, weighted according to extent, was 1.8, which
places hydrology into a B category, but with a negative trend because incision has not yet stabilised.
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Figure 13-3. Present geomorphic state of wetlands within EMU A.

Vegetation
The vegetation of channeled valley bottom wetlands has been altered mainly by channel incision,
which has resulted in the scouring of some of the in-channel marginal zone vegetation and some of
the surrounding wetland areas have begun to desiccate. Localised dense patches of alien invasive
plant species also occur (such as Pupolus X canessance). Farm dams causing backup and inundation
have also altered wetland plant species composition and cover and some areas are used for grazing.
The resultant category for vegetation of channeled valley bottom wetlands in EMU A is a D (Figure
13-4Figure 13-3Figure 13-2).
The vegetation of hillslope seepage wetlands is largely affected by overgrazing which has produced
short grassland with frequent occurrence of Seriphium plumosum (Stoebe vulgaris). In places
infrastructure and footpaths have removed vegetation. Excavated canals have also altered species
composition and abundances in Localised areas where they occur. The resultant category for
vegetation of hillslope seepage wetlands in EMU A is an E (Figure 13-4Figure 13-3Figure 13-2).
The integrated score for vegetation of all wetlands, weighted according to extent, was 5.8, which
places hydrology into a D category, with a stable trend.
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Figure 13-4. The present vegetative state of wetlands within EMU A

13.2.

EMU B

WetHealth Level 1 (Macfarlane et al., 2007) was used to assess hydrology, geomorphology and
vegetation of wetland HGMs within EMU B, which comprised channel valley bottom wetlands and
hillslope seeps (Figure 13-5Figure 13-1). An integrated overall PES for all wetland HGMs was calculated
according to the formula ((Hydrology score*3) + (Geomorphology score*2) + (Vegetation score*2))/7
as outlined in the manual. The result for EMU B was a score of 4.15 which a PES category of D.
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Figure 13-5. Wetland HGMs within EMU B.

Hydrology
The hydrology of channeled valley bottom wetlands has been altered by extensive catchment
hardening upstream of the EMU, channeling of flows beneath the D686 road, notable channel incision
and some invasion by alien plant species. The resultant category for hydrology of channeled valley
bottom wetlands in EMU B is an E (Figure 13-6Figure 13-2).
The hydrology of hillslope seepage wetlands has been less drastically altered and includes some
hardened surfaces and past agriculture which have resulted in increased overland flow rather than
infiltration, localized invasion by alien plant species and old fields with altered aspect. The resultant
category for hydrology of hillslope seepage wetlands in EMU B is a C (Figure 13-6Figure 13-2).
The integrated score for hydrology of all wetlands, weighted according to extent, was 3.9, which places
hydrology into a C category, with a stable trend.
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Figure 13-6. Present hydrological state of wetlands within EMU B.

Geomorphology
The geomorphology of channeled valley bottom wetlands has been altered mainly by channel incision
but also by scattered manipulation and disturbance such as ploughing at the edge and into wetlands,
a single farm dam causing backup and inundation of wetland areas, and some, but minimal trenching
to drain wet areas. Some head cut erosion was evident and incised banks have not stabilised in several
places. The resultant category for geomorphology of channeled valley bottom wetlands in EMU B is a
D (Figure 13-7Figure 13-3Figure 13-2).
The geomorphology of hillslope seepage wetlands is largely intact but localized manipulation and
disturbance where canals or terraces have been excavated to desiccate seepage areas or farm have
affected some areas. Several instances of headcut and sheet erosion occur and suggest likely
overgrazing in the past. The resultant category for geomorphology of hillslope seepage wetlands in
EMU B is a C (Figure 13-7Figure 13-3Figure 13-2).
The integrated score for geomorphology of all wetlands, weighted according to extent, was 2.8, which
places hydrology into a C category, but with a negative trend because incision has not yet stabilised
and some erosional features in seepage wetlands persist.

61

November 2017

Draft: Kusile Final Rehabilitation Report

Figure 13-7. Present geomorphic state of wetlands within EMU B.

Vegetation
The vegetation of channeled valley bottom wetlands has been altered mainly by channel incision,
which has resulted in the scouring of some of the in-channel marginal zone vegetation and some of
the surrounding wetland areas have begun to desiccate. Localised dense patches of alien invasive
plant species also occur (such as Popolus X canessance). Farm dams causing backup and inundation
have also altered wetland plant species composition and cover but this is limited to a single dam. The
resultant category for vegetation of channeled valley bottom wetlands in EMU B is a D (Figure
13-8Figure 13-4Figure 13-3Figure 13-2).
The vegetation of hillslope seepage wetlands is largely affected by past agricultural practices and
possible overgrazing which has produced short grassland with frequent occurrence of Seriphium
plumosum (Stoebe vulgaris). In places infrastructure and footpaths have removed vegetation, but this
is minimal. Excavated canals and terrace areas have also altered species composition and abundances
in Localised areas where they occur. The resultant category for vegetation of hillslope seepage
wetlands in EMU B is an E (Figure 13-8Figure 13-4Figure 13-3Figure 13-2).
The integrated score for vegetation of all wetlands, weighted according to extent, was 5.9, which
places hydrology into a D category, with a stable trend.
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Figure 13-8. Present vegetative state of wetlands within EMU B.

13.3.

EMU F

WetHealth Level 1 (Macfarlane et al., 2007) was used to assess hydrology, geomorphology and
vegetation of wetland HGMs within EMU F, which comprised channel valley bottom wetlands and
hillslope seeps (Figure 13-9). An integrated overall PES for all wetland HGMs was calculated according
to the formula ((Hydrology score*3) + (Geomorphology score*2) + (Vegetation score*2))/7 as outlined
in the manual. The result for EMU F was a score of 3.64 which is a PES category of C.
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Figure 13-9. Wetland HGMs within EMU F.

Hydrology
The hydrological regime has been altered in the following ways, all of which are detrimental to
wetland form and function: increased runoff, rather than infiltration, due to surface hardening
upstream of and surrounding wetlands (mainly roads and lay-down areas), channeling of flows
through culverts under obstructions such as roads and damming which alters the nature of floods and
usually shifts flow off course. Eucalyptus plantations have also facilitated channel incision and
undercutting of banks due to lack of understorey non-woody vegetation. The overall result is that
flows tend to be flashier with greater energy for disruption including erosive capacity and lack of
retention.
The integrated score for hydrology of all wetlands, weighted according to extent, was 3.7, which places
hydrology into a C category, with a stable trend.
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Figure 13-10. Present hydrological state of wetlands within EMU F.

Geomorphology
Such alterations to flow contribute to the deterioration of the geomorphic template. The main impacts
that affect the geomorphology are agricultural encroachment (especially of hillslope seeps), large farm
dams which trap sediment and alter upstream environments, erosion from storm water where
surfaces are denuded or hardened, and channel and bed alteration from instability caused by loss of
vegetation. There is also notable disturbance within seep wetlands that includes canals and
excavations designed to more rapidly drain seepage areas and dissipate what should be slow
infiltrating and overland flows.

The integrated score for geomorphology of all wetlands, weighted according to extent, was 2.6, which
places geomorphology into a C category, but with a negative trend because incision has likely not yet
stabilised.
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Figure 13-11. Present geomorphic state of wetlands within EMU F.

Vegetation
Wetland vegetation has been notably altered in areas where alien plant species have invaded (e.g.
Eucalyptus plantations) and where agricultural encroachment has denuded areas to various degrees.
Vegetation in backup areas of farm dams have also been highly altered, although Localised, such that
reedbeds now characterise these areas. Less notable alterations to vegetation include a shift in species
composition and abundance as channels incise and surrounding areas become drier. This is especially
notable along the active channel of channeled valley bottom wetlands, but is also discernible in some
places within seep wetlands where canals have been excavated to drain such areas.
The integrated score for vegetation of all wetlands, weighted according to extent, was 4.6, which
places vegetation into a D category, and with a negative trend due to alien plant species which could
increase.
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Figure 13-12. The present vegetative state of wetlands within EMU F.

13.4.

EMU G

WetHealth Level 1 (Macfarlane et al., 2007) was used to assess hydrology, geomorphology and
vegetation of wetland HGMs within EMU G, which comprised channel valley bottom wetlands and
hillslope seeps (Figure 13-13). An integrated overall PES for all wetland HGMs was calculated according
to the formula ((Hydrology score*3) + (Geomorphology score*2) + (Vegetation score*2))/7 as outlined
in the manual. The result for EMU G was a score of 3.34 which is a PES category of C.
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Figure 13-13. Wetland HGMs within EMU G.

Hydrology
The hydrology of channelled valley bottom wetlands has been altered by the upstream development
of the power plant and all its associated structures and infrastructure, including wetland and channel
diversions, hardened surfaces and various retention dams. Overall the flows would have increased in
both volume and rate of dissipation i.e. flows are flashier after rainfall events and move through the
system much faster and with more energy than natural. Base flows are also likely to be elevated due
to decanting from plant operations, especially where retentions dams decant.
The hydrology of seepage wetlands has been altered by surrounding these wetlands with roads,
barriers, storm water controls and pipe discharges, hardened surfaces and retention dams. It is likely
that seepage into and through these wetlands has been drastically reduced in most areas except for
localised decanting from retention dams. In addition, in localised areas where retention dams decant,
there is a notable increase in overland flow, with associated erosion and change in vegetation, and in
some areas incision.
The integrated score for hydrology of all wetlands, weighted according to extent, was 4.3, which places
hydrology into a D category, with an upward trend i.e. additional flow volumes are expected in future.
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Figure 13-14. Present hydrological state of wetlands within EMU G.

Geomorphology
Much of the EMU has been severely altered with wetland and channel diversions and the creation of
artificial wetlands and drainage channels. Road crossings and pipelines across the wetland have
severely affected geomorphology in localised areas and have also resulted in notable sedimentation
in others. These areas now tend to support reedbeds which afford protection but are not naturally
occurring. Incision of the channel is also prevalent and increases in magnitude downstream. In seep
wetlands, notable disturbances and excavation occur in localised areas where roads and pipelines
cross wetlands, and where storm water has eroded gullies within wetlands. Sediment deposition also
occurs in areas where retention dams decant.
The integrated score for geomorphology of all wetlands, weighted according to extent, was 1.7, which
places geomorphology into a B category, and with a stable trend.
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Figure 13-15. Present geomorphic state of wetlands within EMU G.

Vegetation
Vegetation along valley bottom wetlands is in good condition where it has not been directly affected
by disturbances. Areas where roads and pipelines cross the wetland have resulted in localised
denudation and sedimentation that now support reeds where sedges and grasses would have
occurred. Since reeds have been used upstream in artificial wetlands there is a greater risk of the
spread of this species to downstream wetlands. Seepage wetlands linked to a channel support an
array of alien weed species, and in high densities in localise areas. Where retention dams decant
species composition is changing to more obligate wetland species. A large portion of seepage
wetlands not linked to a channel still bears the scars of past agricultural activities and now supports
many weed species and in high densities in localised areas.

The integrated score for vegetation of all wetlands, weighted according to extent, was 3.6, which
places vegetation into a C category, and with a negative trend due to alien plant species which could
increase and species compositional changes in decant zones.
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Figure 13-16. The present vegetative state of wetlands within EMU G.
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