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EXECUTIVE SUMMARY
The Centre for Environmental Rights (CER) has requested that GCS Water and Environment
(GCS) review and assess the Financial Provisioning that was carried out by Atha-Africa
Ventures for the Yzermyn coal mine. Considering the significant environmental sensitivities
of the mine location, it is anticipated that the Financial Provisions provided by Atha-Africa
are underestimated. CER would like to illustrate realistic costs of wastewater treatment
CAPEX and OPEX, wetland rehabilitation and offsetting and long-term environmental
monitoring and management.
GCS undertook to review the Financial Provision by Atha-Africa, the Environmental
Management Programme (EMPr) and the Rehabilitation Strategy. This review provided a basis
for investigating the presented costs per aspect of operation, closure and long-term
monitoring and maintenance of the mine and associated environmental impacts. GCS assessed
the Atha-Africa Financial Provision against the MPRDA Regulations for Financial Provisioning,
including the use of Master Rates as per the DME ‘Guideline Document for the Evaluation of
the Quantum of Closure-Related Financial Provision provided by a Mine’. In addition to this,
GCS investigated what the current industry costs would be to close the mine and ensure
effective environmental management after decommissioning.

These costs have been

extrapolated to the appropriate time along the Life of Mine (LoM) to estimate the costs at
the time of implementation. CPIX was utilised for general mine closure costs, while real
industry related escalation rates for specific aspects of Wetland Rehabilitation and
Offsetting, as well as construction and operation of the Wastewater Treatment Plant were
included as appropriate.
The financial provision estimated in this document relies mainly on real values for 2019 and
increases per annum based on average increases over the last 10 years. Master Rates, as per
the DME Guideline, are compared to those utilised by Atha-Africa and escalated to 2020. Both
the methodology prescribed under the MPRDA and Regulations, and the methodology
prescribed in the NEMA Financial Provisioning Regulations, 2015 (Regulation 1147, as
amended) are addressed. The MPRDA methodology and the NEMA methodology require that
the financial provision should include all costs for:
•

Rehabilitation and remediation;

•

Decommissioned and closure activities; and

•

Remediation and management of residual environmental impacts, including
treatment of polluted water.

These are the three key cost estimates that are included in this report.
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It is evident from the cost estimates for closure and long-term maintenance that the AthaAfrica Financial Provision calculations are incomplete and insufficient to adequately provide
protection and rehabilitation to the receiving environment. This investigation was carried out
conservatively in order to avoid inflation of estimates. Therefore, it is likely that even the
costs estimated in Section 5 of this report may be significantly lower than the actual costs of
operation and closure of the mine. However, this report provides a good indication that a full
revision of all closure, rehabilitation and water management costs should be carried out.
GCS is of the opinion that a full-scale assessment of the Financial Provision should be carried
out in order to best provide Atha-Africa Ventures with accurate costs. The present value of
these costs is essential in order to inform the value of the financial provision that must be
held at any year. Costs for wastewater treatment are vital for effective environmental
monitoring, management and protection in perpetuity, or at least for a period of 20 years
after decant, as a very conservative limit.

Disclaimer
GCS grants the permission requested by the Centre for Environmental Righst (CER) for the
following use of the supplied report:
1. Incorporation into:
•

CER clients’ (the Coalition, or members thereof) various legal papers in respect
of the proposed Yzermyn mine;

•

media releases and other communications as part of CER and the Coalition’s
work;

•

further research that the CER and the Coalition may do in respect of the proposed
Yzermyn mine;

2. sending, publishing and reproduction, all as part of CER and the Coalition’s work
should it be deemed reasonable and necessary as interpreted by the CER.
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INTRODUCTION

1.1

Background

The greenfield Yzermyn underground coal project is located near Piet Retief, 20km northeast
of Wakkerstroom, within the Mpumalanga Province. The coal mine is situated within the
Mabola Protected Area. Atha-Africa Ventures has obtained a mining right for an area of 8 360
hectares. Atha-Africa obtained the mining right from the Minister of Mineral Resources in
April 2015. Environmental authorisations and the Water Use License were granted in mid2016.
Under the Minerals and Petroleum Resources Development Act (Act 28 of 2002) (MPRDA) and
MPRDA Regulations, Atha-Africa had a Financial Provision calculated for the proposed mine,
including the closure and rehabilitation costs. This Financial Provision is under dispute, as
the Centre for Environmental Rights (CER) and their clients believe that the budgets
calculated are insufficient for adequate mine closure and rehabilitation of the environment.

1.2

Terms of Reference

The CER has requested that GCS Water and Environment (GCS) review and assess the Financial
Provisioning that was carried out by Atha-Africa Ventures for Yzermyn. Considering the
significant environmental sensitivities of the mine location, it is anticipated that the Financial
Provisions provided by Atha-Africa are underestimated. CER would like to illustrate realistic
costs of wastewater treatment CAPEX and OPEX, wetland rehabilitation and offsetting and
long term environmental monitoring and management.
GCS has reviewed costs of mining by similar mines and utilised a conservative approach to
calculate realistic costs that will need to be provisioned by Atha-Africa for the Yzermyn coal
mine.

2
2.1

APPROACH
Review

GCS undertook to review the Financial Provision by Atha-Africa, the Environmental
Management Programme (EMPr) and the Rehabilitation Strategy. This review provided a basis
for investigating the presented costs per aspect of operation, closure and long-term
monitoring and maintenance of the mine and associated environmental impacts.
GCS investigated what the current costs would be to close the mine and ensure effective
environmental management after decommissioning. These costs have been extrapolated to
the appropriate time along the Life of Mine (LoM) to estimate the costs at the time of
implementation.
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2.2

Regulatory Requirements for Financial Provision (MPRDA Regulations)

In terms of the MPRDA Regulations, regulations 53 and 54 indicate clearly that the following
needs to be addressed within the Financial Provision for Mine Closure:
(a) premature closure regardingi.

the rehabilitation of the surface of the area;

ii.

the prevention and management of pollution of the atmosphere;

iii.

the prevention and management of pollution of water and the soil; and

iv.

the prevention of leakage of water and minerals between subsurface
formations and the surface.

(b) decommissioning and final closure of the operation; and
(c) post closure management of residual and latent environmental impacts.
GCS has found through review of the Atha-Africa reports and financial provision that two key
aspects have been omitted from the financial provision. These are:
•

the “rehabilitation of the surface area” in terms of wetland rehabilitation and
offsetting; and

•

the “post closure management of residual and latent environmental impacts” such
as the decant of polluted water from the mine.

These two aspects form the focus of this report and the foundation for critique of the
financial provision.
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METHODOLOGY

3.1

Wetlands and Receiving Environment

Considering the sensitive headwater wetlands that will be affected by the mining
construction and operation, a specialist wetland report was obtained from Eco-Pulse
Environmental Consulting Services (https://www.eco-pulse.co.za/), an environmental
consulting company specialising in the fields of natural sciences and water resource
management, to investigate the ecological status of the wetlands and how these could be
rehabilitated or offset. The full report is available within Appendix A and concerns the
following:
•

Estimates the extent of the wetlands to be measurably negatively impacted by the
project including:

•

o

Wetlands to be directly impacted by surface mining infrastructure.

o

Wetlands to be indirectly impacted by groundwater drawdown.

o

Wetlands to be indirectly impacted by mine decant.

Reviews the rehabilitation plan with a focus on:
o

Rehabilitation constraints and opportunities;

o

Realistic rehabilitation potential of impacted areas;

o

Rehabilitation assumptions (i.e. achievable post-rehabilitation state);

o

Costs of rehabilitation proposed including ‘ballpark’ ranges of costs of
wetland rehab per hectare.

•

Provides an estimate of residual impacts on wetland condition with supporting
rationale for the different impact types mentioned above under the realistic postrehabilitation scenario.

•

Provides comment on the significance of residual wetland impacts in terms of impacts
on water resource management and ecosystem conservation.

•

Provides comment on the need for wetland offsets to compensate for significant
residual impacts including:

16.1159
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What offset actions are likely to be required.

o

‘Ballpark’ ranges of costs of wetland offsets in this setting.
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3.1.1

Associated Wetland Assessment Limitations

The following gaps and limitations of the wetland impact assessment were found upon review
of the supplied documentation, as contained within the reference list (section 9.1) within
this report:
•

The accurate extent of wetland areas to be physically modified still needs to be
confirmed.

•

There are major uncertainties regarding the extent and intensity of the impacts on
local and regional wetland and river ecosystems as a result of the predicted
groundwater drawdown and mine decant impacts.

•

There is no detailed mitigation and management plan for how decant is proposed to
be treated and managed and what watercourses are to be impacted. This is critical
for financial feasibility analysis and confirmation of whether all predicted decant can
be treated.

•

Regional impacts on water quality and quantity are anticipated that will impact rivers
as well as wetlands. Furthermore, rivers are present within the study area.

•

The land-use guidelines for activities within River FEPA sub-quaternary catchments
indicate that where flow reduction activities are planned, the relevant subquaternary catchments should be considered priorities for reserve determination,
especially those that are threatened or water-stressed. It appears that a specialist
river ecological reserve/water requirements assessment has been done for purposes
of reserve determination, but this assessment is low confidence and no baseline
biotic indices in line with the River Health Programme have been done.

•

The land-use guidelines for activities within Wetland FEPA catchments indicate that
where flow reduction activities are planned, the affected Wetland FEPAs should be
considered priorities for reserve determination. Furthermore, the guidelines state
that reserve determinations for wetland FEPAs should be done at the highest
confidence level possible. It is recommended that at least a Rapid III Reserve
Determination should be completed prior to new abstraction permits being
considered for wetland FEPAs. Yet, it appears that a specialist wetland ecological
reserve/water requirement assessment has not been done.
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3.1.2

Rehabilitation Cost Estimates

A crude cost estimate (excluding VAT) for the rehabilitation of wetlands directly impacted
by mining activities is provided in Table 3-1 below.

Based on this cost summary, the

conservative cost estimate for the intensive rehabilitation of 4 ha of seep wetland is
R6 636 000, which is R1 659 000 per hectare. This estimate is based on several assumptions,
namely:
•

The total area of wetland to be directly impacted and thus require intensive
rehabilitation has been conservatively estimated as 4 ha. This area will need to be
refined following receipt of the surface infrastructure in a spatial data format.

•

The rehabilitation costs do not include the costs for the removal of all foreign
material from the wetlands like fill material and concrete. This is assumed to be
included in the costs of decommissioning / dismantling.

•

Earthworks for the purposes of rehabilitation will be required over 50% of the 4 ha
area requiring intensive rehabilitation and the depth/thickness or mass of material
to be subjected to earthworks is assumed to be 1 m.

•

Geofabric and erosion control measures will be required over 25% of the 4 ha area
requiring intensive rehabilitation.

•

All grass seed harvesting will be done by hand by a labour team over 2 days covering
a total of 1 ha. Costs will include 10 labourers and 1 supervisor.

•

The assumed seeding rate is 1 ha harvested for every 4 ha to be seeded. This will be
supplemented by a commercially available seed to ensure quick cover establishment.

•

A 20% contingency costs have been included to factor in unaccounted for and/or
unforeseen costs including fertilizer.

Table 3-1. Conservative estimate of the costs of Wetland Rehabilitation.
Seed harvesting

m2

COST PER
UNIT
R3.00

Earthworks (suitable earthen material)

m3

R120.00

10000

R1 200 000.00

Earthworks (select granular material)

m3

R300.00

10000

R3 000 000.00

Reshaping

m2

R20.00

40000

R800 000.00

Geofabric & erosion control

m2

R10.00

10000

R100 000.00

Re-vegetation (Manual Seeding)

m2

R10.00

40000

R400 000.00

REHABILITATION ASPECT

16.1159
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ESTIMATED
QUANTITY
10000

COST ESTIMATE
R30 000.00

Sub-total

R5 530 000.00

Contingency

R1 106 000.00

TOTAL (excl. VAT)

R6 636 000.00
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3.1.2.1

Rehabilitation Constraints and Opportunities

The following rehabilitation constraints are relevant and have been highlighted as limiting
the Atha Rehabilitation Plan (version 4, final, undated):
•

The reinstatement of the natural soil saturation levels in areas where the soil profiles
are disturbed or compacted could prove tricky as the wetlands are assumed to be
driven by perched groundwater in weathered zones and above impermeable layers.

•

Seed harvesting is intensive and requires a specific set of expertise to ensure that
the seeds are harvested at the correct time, are stored appropriately and have a high
germinability. This should thus ideally be done by a contractor with experience in
grass seed harvesting.

•

Although a planting palette has yet to be developed for re-vegetation, it is assumed
that most of the grass and forb species that are native to the seep wetlands in the
area are not commercially available. Therefore, for purposes of supplementing seed
harvesting, species selected will have to be limited to those that are commercially
available and/or some species will need to be cultivated and propagated for the
purposes of this project which will be costly. Being constrained by the use of
commercially available seed only could reduce the effectiveness of revegetation in
terms of establishing a desirable species composition in the long-term.

•

Plant rescue for rehabilitation will be costly and require the establishment of a
temporary plant holding area and nursery. However, if plugs or sods are needed, this
option would likely be less costly than getting a nursery to produce the vegetative
material.

•

Active planting of plugs, sprigs and/or sods produced by a nursery will be extremely
costly due to the remoteness of the site and costs required to harvest, grow and
transport plants.

•

Re-vegetation using the seed broadcasting method often has less than desirable
results in terms of seed germination, especially if the persons undertaking the
broadcasting are inexperienced and/or soil preparation is not appropriate.

•

No data on the natural/inherent nutrient status of the wetland soils have been
provided to the author. If the soils have a low natural nutrient status, then the
application of fertilizers could result in the proliferation of opportunistic and weedy
species at the expense of more desirable species that may be adapted to lower
nutrient levels.

•

16.1159
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•

Uncontrolled and too regular burning could substantially reduce the success of revegetation.

The following rehabilitation opportunities in the Atha Rehabilitation Plan (version 4, final,
undated) have been identified as limited:
•

Alien and weed seed banks and propagule sources appear to be limited.

•

Indigenous seed banks appear to be present and there is likely that local indigenous
propagules would recolonize the site. Therefore, re-vegetation can focus on
‘kickstarting’ succession rather than trying to actively plant the full suite of desirable
species.

•

Re-vegetation via broadcasting allows for the customisation of the seed mix and the
inclusion of the seed of desirable species harvested locally.

•

If a hydroseed mix can be developed that includes desirable plant species,
hydroseeding may be a more suitable re-vegetation method for the site option and
may strike a better balance between cost and establishment success than
broadcasting. Some of the key advantages of hydroseeding over other seeding
methods like broadcasting and drill seeding are: (i) a quicker and more even
germination is achieved as the wood fibres used provides moisture retention for the
seed and the spray application ensures an even distribution of seed; (ii) the seed is
embedded in the fibres that insulate the seeds from sun scorch and protect them
from washing away and birds; (iii) the fibres can hold up to 10 times their weight in
water, creating a favourable environment for germination; (iv) the mulch eventually
biodegrades and acts as a fertilizer.

3.1.3

Need for Wetland Offsets

The significance assessment results from the SAS 2015 report indicate that significant residual
impacts (rated as moderately-high to high) will occur that cannot be reduced to acceptable
levels (significance lower than medium/moderate) using on-site mitigation measures.
Therefore, such residual impacts can only be reduced by implementation of wetland offsets.
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In this context, the most desirable offset would be the purchase of land with similar wetland
characteristics for inclusion in the Mabola Protected Environment and the funding of the
proclamation, rehabilitation and conservation management of this additional area for
30 years. In order to evaluate the availability of land for the wetland offset a GIS desktop
assessment should be undertaken (with set objectives to achieve a suitable offset site) and a
ground-truth field assessment would be required in order to evaluate the suitability of the
selected sites for a wetland offset.
Other potentially acceptable offset options that could be pursued if the most desired option
is found to be unfeasible are: establishing a conservation agreement with an adjacent
landowner(s) for the inclusion of land in the Mabola Protected Environment and the funding
of the proclamation, rehabilitation and conservation management of this additional area for
30 years, or providing a monetary contribution to the management authority of the Mabola
Protected Environment. This monetary contribution would be commensurate with the costs
to achieve the proclamation, rehabilitation and conservation management of this additional
area for 30 years.
Typically, offset costs include upfront costs (land purchase, planning, rehabilitation,
proclamation) and annual management costs. Conservative and crude per unit cost estimates
(all excluding VAT) based on previous offset projects that Eco-Pulse have worked on are:
•

•

Upfront costs:
o

Land purchase – R150 000/ha.

o

Planning and proclamation – R500 000.

o

Fencing – R100/m.

o

Rehabilitation costs – cannot be determined at this stage.

Annual management costs – R5000/ha.

These costs do not include the preparation of the detailed wetland offset plan that typically
costs in the range of R200 000 – R300 000.
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Wastewater Treatment

Concurrently, real costs of wastewater treatment were investigated through consultation
with two wastewater engineers (Adam Keuler from Proxa Water, and Herman Grobler from
Miwatek Ghana). Capex costs for the treatment of 6 litres per second (worst case scenario as
presented by Atha-Africa, as prescribed within the precautionary principle) of similar water
quality was provided for 2019 rates. Similarly, the OPEX costs for this wastewater treatment
plant (WWTP) were obtained from the engineers. Rates of increase for components of the
WWTP operation were calculated in real-time, looking at average tariff increased over the
last 10 years.
It must be highlighted that for the purposes of this review and cost estimate, it was assumed
that the WWTP would be required to operate for a period of 20 years after closure. However,
there is no current science to indicate the specific operation term that may be required. The
legislation requires that any impacts should be mitigated in perpetuity, or to impact risk
threshold.

This needs to be modelled by a wastewater engineer to provide a realistic

timeframe that decant will need to be treated. This will then inform the costs associated
with post-closure treatment, and therefore the financial provision requirements.
3.2.1

Tariffs and increases over time

Electricity costs estimated for similar water treatment plants were averaged to provide a
realistic 2020 value for operational electricity costs. These were then extrapolated over time
with an increased rate averaged for electricity in South Africa, for the mining industry
(http://www.eskom.co.za/CustomerCare/TariffsAndCharges/Pages/Tariff_History.aspx,
accessed 19 August 2019) to obtain the estimated electricity costs per year of operation of
the Yzermyn. Similarly, other costs, such as labour, chemicals and refurbishment were
investigated and inflated over time at confirmed rate increases experienced within the
mining industry in the last 10 years.

16.1159
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3.2.1.1

Electricity

The cost of power to run a water treatment plant was obtained from Atta-Asiamah (2010),
who calculated the cost of running an 86 000 gallon-per-day water treatment plant. This was
upscaled to the value of the proposed plant running at 6 litres per second, or 518 400 litres
per day. The scale factor calculated was 1.6x. The cost from Atta-Asiamah (2010), multiplied
by 1.6, produced the estimated cost for a higher capacity plant. Projected electricity costs
were

obtained

by

plotting

historical

values

for

mining

electricity

increases

(http://www.eskom.co.za/CustomerCare/TariffsAndCharges/Pages/Tariff_History.aspx,
accessed 16/09/2019) obtained from Eskom and extrapolating linearly until 2119. Any change
in electricity costs due to future changes in the energy mix such as increased use of
renewables and/or nuclear was not taken into account as this will be impossible to predict.
3.2.1.2
The

Labour

average

salary

of

an

employee

in

the

mining

industry

in

South

(https://www.payscale.com/research/ZA/Industry=Coal_Mining/Salary#by_Job,

Africa

accessed,

16 August 2019), was obtained. The average increase in mining salaries (Wörgötter and
Nomdebevana, 2019) was extrapolated until 2019 to obtain a predicted salary for one
employee for every year. Changes in labour costs due to automation and other efficiencies
were not accounted for.
3.2.1.3

Chemicals

The cost of chemicals for a typical water treatment plant was obtained (Atta-Asiamah, 2010).
Future cost of chemicals was estimated as follows:
•

The historical R/$ exchange rate was retrieved as shown in Figure 3-1, taken from
(https://www.xe.com/currencycharts/?from=USD&to=ZAR&view=10Y, accessed 16
August 2019),

•

The values from the graph were plotted per year and a linear regression was
performed. The resultant equation of fit was used to extrapolate the future exchange
rate per annum, as shown in Figure 3-2.

•

A rate of inflation of 5.6% was used, as per typical CPIX (https://www.focuseconomics.com/country-indicator/south-africa/inflation, accessed 21 August 2019)
and shown in Figure 3-3.
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Figure 3-1: Historic R/$ exchange rate

Figure 3-2: Projected R/$ Exchange Rate

Figure 3-3: Annual variation in CPI (2013 - 2017)
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Membrane replacement and solid waste disposal

The Integrated Water and Waste Management Plan (IWWMP) compiled for the Yzermyn by
Atha-Africa indicates that a sophisticated Wastewater Treatment Plant will be utilized to
treat effluent. “It is proposed that a modular water treatment plant be installed during the
operational phase to meet the requirements of the mine. It will consist of defused air
floatation and/or ultrafiltration pre-stages, followed by reverse osmosis to remove salinity.
An ion exchange column will be fitted if any nitrates needs to be removed” (Yzermyn IWWMP,
page 20 – 21).
It is therefore likely that a similar system, including the Reverse Osmosis plant, will be
required for the treatment of decant water after closure. Reverse Osmosis operates on a
filtration system that utilizes membranes, which need to be replaced on a regular basis. The
cost of a typical Reverse Osmosis (RO) membrane system for the stated rate of discharge of
6l/s was obtained (Bick et al, 2012). Using the R/$ exchange rate and typical CPIX 5.6% rate
of inflation as calculated previously, the future cost of replacement membranes was
calculated. Membranes were assumed to have a lifetime of 5 years (Bick et al, 2012). Solid
waste costs were estimated, and future values were extrapolated.
3.2.2 Real electricity cost inflation
The historical average price trend

for

electricity

was

obtained

from

ESKOM

(http://www.eskom.co.za/CustomerCare/TariffsAndCharges/Documents/Historical%20aver
age%20prices%20and%20increase_v20190425_14h00_no%20links.xlsx), and the relevant graph
and table is reproduced in Figure 3-4.

Figure 3-4: Average electricity price in c/kWh from 2003 - 2017/18
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The average price per kWh for Mining was extracted from the data of 2007/08 up to and
including 2017/18, since this was indicative of recent pricing trends. These values were
plotted as a function of the year and a linear trend line was fitted to the data. The line was
then extrapolated to 2119 and the resulting equation was used to calculate the estimated
price/kWh until that time. The data used is given in Table 3-2. The linear regression is shown
in Figure 3-5.
Table 3-2. Data used to plot regression fit for future electricity costs.
Year

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Price/c

23.12

30.25

39.79

48.10

55.74

64.66

69.52

78.01

84.80

86.90

per kWh

Figure 3-5: Linear regression showing future trend in electricy prices
3.2.3

Real labour cost inflation

The average salary of R326 000 per annum in the mining industry was obtained from
https://www.payscale.com/research/ZA/Industry=Coal_Mining/Salary#by_Job

(accessed

August 2019).
The increase in labour costs was derived from Wörgötter and Nomdebevana (2019) and is
presented in Figure 3-6.
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Figure 3-6: Quarterly increase in labour costs across industries
The quarterly increase in the Mining industry of 2.3% was converted to an annual increase
rate of 9.2%. This rate of increase was used to calculate the future salary per annum by
simply increasing the following year’s salary by 9.3% compared to the previous year.
3.2.4

Present Value of financial provisions required

The information presented in Sections 2.3, 5.3 and 5.4, in conjunction with the Financial
Provisions model, was used to calculate the future values of closure and post-closure costs
as presented in
Table 5-3.
It must be noted that the value of financial provisions at each year must be sufficient to
finance closure within the subsequent 10 years. Therefore, the model provides the estimated
required value of provision at each year.
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BACKGROUND AND GUIDANCE ON FINANCIAL PROVISIONS

The financial provision estimated in this document relies mainly on real values for 2019 and
increases per annum based on average increases over the last 10 years. Master Rates are not
utilised, and the methodology is aligned to the NEMA Financial Provisioning Regulations, 2015
(Regulation 1147, as amended). Within this regulation it is expected that the financial
provision should include all costs for:
•

Rehabilitation and remediation;

•

Decommissioned and closure activities; and

•

Remediation and management of residual environmental impacts, including
treatment of polluted water.

These are the three key cost estimates that are included in this report.
It is further noted that the mining rights holder must ensure that financial provision is equal
to the sum of actual costs of the above three bullet points for a period of at least 10 years
subsequent. For this reason, a value of financial provision is calculated each year to include
provision for the following 10 years.

4.1

Assumptions and Limitations
•

The Atha-Africa financial provision provided within the Approved EMPR (28 June
2016), Section 17 entitled: Financial Provision (pages 531 – 536) is used as a basis for
all costs, with the exception of corrections to rehabilitation, offsets and WWTP
CAPEX and OPEX values (which corrections are the subject matter of this report).
The remaining values have been maintained and have not been further investigated
for accuracy.

•

The purpose of these calculations is to illustrate that the financial provision provided
by Atha-Africa is insufficient and should be revised by a suitably qualified economist,
with additional specialist (wetland rehabilitation, water treatment, offset strategist,
etc.) input as necessary.
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•

Delta H estimated a total mine inflow rate of 179197 m3/a = 491 m3/d = 5.7 L/s
(Table 8.1, page 48). Delta H proceeded to conduct a sensitivity analysis of the
simulated mine inflow rate as a function of hydraulic conductivity ranges for the
dolerite sill and fractures, in terms of which the total mine inflow rate ranged from
218.42 m3/d (2.53 L/s) to 3010.47 m3/d (34.84 L/s) (Table 8.2, page 49). Delta H,
the Atha-Africa consultants, found that “expected simulated decant rates range from
1 to 6 l/s, with associated sulphate concentrations in the order of 1000mg/l based
on information taken from Hlabane, 82 km south east of the project” (page 69 of the
Delta H report). Considering the precautionary principle, it would be irresponsible to
design the WWTP to treat decant at a volume less than the estimated maximum.
Therefore, this report has worked on a decant of 6 litres per second.

•

GCS has assumed that the mine will be constructed in 2020, with a life of mine of
17 years, and a 45-year period prior to the commencement of decant, as indicated
within the Delta H report (page 68). Therefore, estimates are concerned with 2020
(mine construction), 2037 (end of LoM), 2082 (commencement of decant treatment)
and 2102 (end of water treatment). This allows for a very conservative 20 years of
decant treatment.

•

While it is expected that decant could potentially continue in perpetuity, a very
conservative limit on water treatment has been assumed at 20 years, 2082 to 2102.
This is an industry-standard, but it is required by legislation that the decant volumes
are modelled in order for the applicant to obtain a more realistic estimate of the
duration that water treatment will be required. This is an essential input to the
financial provision calculations. The neglect to undertake this modelling supports the
position that the Financial Provision is flawed and insufficient.

•

The inflation rate was assumed to be an average of 5.6% based on historical data
(https://www.focus-economics.com/country-indicator/south-africa/inflation,
accessed 21 August 2019), but there is no guarantee that this will remain constant in
the future.

•

The R/$ exchange rate was extrapolated based on past data and there is no guarantee
that this will be accurate into the future.
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FINANCIAL PROVISIONS ESTIMATES
Original Atha-Africa Financial Provision 2013

Atha-Africa had an approved EMPr (dated 2014) including mine closure cost estimates as at
2013 – see the “Approved EMPR, submitted March 2014 - ‘Table 17-1: Yzermyn Underground
Coal Mine Closure Cost Estimate’ (on page 535 and 536): ‘Master Rates are based DMR master
rates schedule and compound inflation-adjusted rates for 2013’ (page 535)”. GCS has simply
reproduced this closure cost estimate in Table 5-1 below.
Considering Table 5-1 below, it is evident that the construction and operation of the
Wastewater Treatment Plant required to treat decant, and the rehabilitation and offset of
wetlands have not been included in this closure cost estimate. The Approved EMPR further
emphasizes the omission of waste water treatment provisions: “The Master Rate developed
by the DMR is considered to be over-conservative and too generic to be applied to the case
of Yzermyn where the predictive modelling suggests that mine decant will not occur” (Page
532 and 534). However, the Delta H report indicated that decant from the underground mine
voids is likely to occur (Page 68).
In terms of surface water and groundwater management, the Approved EMPR indicates that:
“an allowance has been made for monitoring of surface water and groundwater for a period
of 3 years, with management measures estimated at R120 000.00.”. This is evidence of:
1. the lack of effort to establish accurate cost estimates. R120 000.00 is insufficient at
a 2019 rate for surface water and groundwater monitoring for even a 1-year period;
and
2. the lack of long-term management and mitigation of the closed mine, considering
that decant is predicted to occur 45 years after mine closure, and Atha-Africa has
only prepared to monitor the water resources for a period of three years post-closure.
This caliber of investigation, preparation, and provisioning is not effective for the long-term
management and mitigation of environmental impacts generated by the mine.
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Table 5-1. Approved EMPR (2014) - Closure Cost Estimate, 2013 (calculated by/on behalf
of Atha-Africa)
Calculation of the quantum
Mine:

Yzemyn

Location:

Dirkiesdorp

Evaluators:

Mindset Mining Consultants

Date:

41275

A
No

Unit

Decription

Quantity
step 4.5

B

C

D

Multiplication

Weighting

*D

Factor

Factor 1

Amount

Step 4.3

Step 4.3

Step 4.4

Master
rate

E=A*B*C

(rands)

Dismanting of processing plant and
1

related structures (including

m³

10000

10.4

1

1

R

104 000.00

m²

250

144.86

1

1

R

36 215.00

m²

80

213.48

1

1

R

17 078.40

m²

10485

25.92

1

1

R

271 771.20

overland conveyors and power lines)
2 (A)
2 (B)
3
4 (A)
4 (B)
5
6
7
8 (A)

Demolition of steel buildings and
structures
Demolition of reinforced concrete
buildings and structures
Rehabilitation of access roads
Demolition and rehabilitation of
electrified railway lines
Demoition and rehabilitation of nonelectrified railway lines
Demolition of housing and/or
administration facilities
Opencast rehabilitation including
final voids and ramps
Sealing of shafts, adits and inclines
Rehabilitation of overburden and
spoils

m

251.6

m

137.23

m²

365

289.72

1

1

R

105 747.80

ha

0.83

147451

1

1

R

122 384.33

m³

42

77.77

1

1

R

3 266.34

ha

4

101248.75

1

1

R

404 995.00

ha

1

126103.49

1

1

R

126 103.49

ha

1

366264.31

1

1

R

366 264.31

10

80206.09

1

1

R

802 060.90

Rehabilitation of processing waste
8 (B)

deposits and evaporation ponds
(basic, salt-producing watse)
Rehabilitation of processing waste

8 (C)

deposits and evaporation ponds
(acidic, metal-rich watse)

9

Rehabilitation of subsided area

ha

10

General surface rehabilitation

ha

11

River diversions

ha

12

Fencing

m

16000

91.49

1

1

R

1 463 840.00

13

Water management

ha

10

30496.61

1

1

R

304 966.10

ha

10

1067.38

1

1

R

10 673.80

14

2 to 3 years maintanance and
aftercare

84780
80206.09

15 (A)

Specialist study

Sum

N/A

15 (B)

Specialist study

Sum

N/A

Sub Total 1
R

4 139 366.67

1

Preliminary and General

(Sum of items 1 to 15 above)
12% of cost

R

496 724.00

2

Contingency

10% of cost

R

413 936.67

(Sub total 1 plus sum of management and administative items, 1 to 6 above)

R

5 050 027.34

VAT (14%)

R

707 003.83

Grand Total (sub total 3 plus VAT)

R

5 757 031.16

Sub Total 2
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GCS Cost Estimate Calculations

In Table 5-2 below, GCS has used the 2013 Atha-Africa base units (Table 5-1 above) and
has escalated the DME Guideline Master Rates to provide the same estimates in 2020,
using CPIX throughout. The annual increase was CPIX of 5.6%, as per the Atha calculation.
This is a very conservative extrapolation, as real-time inflation is generally higher than CPIX.
The NEMA Financial Provisioning Regulations, 2015 (Regulation 1147, as amended) indicate
the use of CPIX + 2%, which will result in a higher financial provision than is provided by
Atha-Africa, or by the conservative estimates made by GCS.
One discrepancy in Table 5-1 above is the initial Master Rate for component 14
(Maintenance), which is R700 in the DME Guideline. This was in practice deemed to be
an error, which underestimated the costs by a factor of 10. (This is in accordance with
prior work (DMR Application Reference No. GP 10049 MR, 2017).) An adjusted Master Rate
of R7,000 was used in the GCS calculation.
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Table 5-2. Atha closure cost estimate extrapolated to 2020 using CPIX (Calculated by GCS)
Calculation of the quantum for 2020
Mine:

Yzemyn

Location:

Dirkiesdorp

Evaluators:

Mindset Mining Consultants

Date:

41275

A
Decription

No

Unit

B

C

D

E=A*B*C

Multiplication Weighting
Quantity

Master rate

Factor

Factor 1

Step 4.3

Step 4.3

Step 4.4

*D
Amount
(rands)

step 4.5
Dismantling of processing plant and
related structures (including overland
conveyors and power lines)

m³

10000

15.44

1

1

R

154,434.08

2 (A)

Demolition of steel buildings and
structures

m²

250

215.12

1

1

R

53,780.20

2 (B)

Demolition of reinforced concrete
buildings and structures

m²

80

317.02

1

1

R

25,361.61

Rehabilitation of access roads

m²

10485

38.50

1

1

R

403,623.21

1

1

R

157,038.17
181,745.36

1

3
4 (A)
4 (B)

Demolition and rehabilitation of
electrified railway lines
Demoition and rehabilitation of nonelectrified railway lines

m

373.63

m

203.80

5

Demolition of housing and/or
administration facilities

m²

365

430.24

6

Opencast rehabilitation including final
voids and ramps

ha

0.83

218970.32

1

1

R

7

Sealing of shafts, adits and inclines

m³

42

115.49

1

1

R

4,850.41

8 (A)

Rehabilitation of overburden and spoils

ha

4

150358.11

1

1

R

601,432.43

8 (B)

Rehabilitation of processing waste
deposits and evaporation ponds (basic,
salt-producing watse)

ha

1

187268.31

1

1

R

187,268.31

8 (C)

Rehabilitation of processing waste
deposits and evaporation ponds (acidic,
metal-rich watse)

ha

1

543915.93

1

1

R

543,915.93

10

119108.98

1

1

R

1,191,089.83

9

Rehabilitation of subsided area

ha

10

General surface rehabilitation

ha

11

River diversions

ha

12

Fencing

m

16000

135.87

1

1

R

2,173,852.16

13

Water management

ha

10

45288.59

1

1

R

452,885.87

14

2 to 3 years maintanance and aftercare

ha

10

15851.01

1

1

R

158,510.05

15 (A)

Specialist study

15 (B)

Specialist study

125902.27
119108.98

Sum

0.00

Sum

0.00

Sub Total 1
(Sum of items 1 to 15 above)

R

6,289,787.62

12% of cost

R

754,774.51

10% of cost

R

628,978.76

(Sub total 1 plus sum of management and administative items, 1 to 6 above)

R

7,673,540.90

VAT (14%)

R

1,074,295.73

Grand Total (sub total 3 plus VAT)

R

8,747,836.62

1

Preliminary and General

2

Contingency
Sub Total 2

Furthermore, the GCS cost estimate for closure and post-closure costs include the wetland
rehabilitation and offset strategy that the wetland specialist has provided. In addition, the
construction of the Wastewater Treatment Plant, and the operation costs of the plant for at
least 20 years are incorporated within the estimate. For purposes of clarity, only the total
costs are shown in
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Table 5-3.
Table 5-3. GCS cost estimates for Closure and Post-Closure costs for Yzermyn
Year

Projected Total Cost/R of closure for 10 years

2020

R34 671 496.64

2037

R82 907 778.81

2082

R264 082 734.74

2102

R594 105 303.35

The full table is presented in Appendix B. Note that Hugo van Zyl, economist, was instrumental
in providing the basis for setting up this table, considering the factors to be included in the
calculations. Table 5-4 below provides an explanation of the columns in the table in Appendix
B. This explanation serves to clarify the calculations made and the rationale behind the
estimates per annum and the escalation and inclusions of certain costs at specific years after
present.

Table 5-4: Explanation of the Appendix B table which summarises the results of
calculations
Column in table
Mine Closure

Wetland Rehab and Offset

CAPEX

Wastewater Treatment Plant

OPEX

Wetland Offsets

16.1159

Explanation of calculations

The capital costs for mine closure are taken from Table
4.2 (GCS calculation) and is based on Master Rates for the
aspects included by Atha-Africa within the Financial
Provision presented in the Approved EMPR. These costs
are escalated by CPIX from 2020 onwards until 2037, as it
is indicated that the LOM is 17 years from 2020.
The capital costs for the wetland rehabilitation and offset
strategy for the hectares identified are calculated from
industry costs provided for 2020. There are no Master
Rates provided in the DME ‘Guideline Document for the
Evaluation of the Quantum of Closure-Related Financial
Provision provided by a Mine’ specific to wetland
rehabilitation and offsetting.
The capital costs for the construction of the Wastewater
Treatment Plant (WWTP) are taken from industry costs for
2020. These have been extrapolated to 2082, which is the
latest date that the WWTP will be required for
construction, considering that the mine will be closed by
2037, and decant is expected to occur approximately 45
years after closure.
The operating costs for a wetland offset depend on the
offset strategy. However, GCS has provided a very
conservative OPEX estimate for 2020, based on a
stewardship agreement for offset areas. This offset OPEX
costs is escalated from industry-estimated 2020 costs by
CPIX per year.
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Column in table
Wetland Rehabilitation

Wastewater Treatment Plant

Total Cost at year of closure

Total cost at year of closure including
the WWTP

Required present value of trust to
suffice for subsequent 10 years.

Explanation of calculations

The operating and maintenance costs for wetland
rehabilitation is estimated from 2019 industry costs and is
extrapolated per year using CPIX. There are no Master
Rates specific to wetland rehabilitation and long-term
maintenance.
The operating costs for a WWTP that includes Reverse
Osmosis treatment has been provided by industry experts
for 2019 operation. These 2019 costs have been escalated
by CPIX per year to provide the operation costs for the
Plant.
The total costs at year of closure include the capex and
opex costs per year, including the mine specific costs as
well as the wetland offset and rehabilitation costs. This
estimate excludes the costs of the WWTP.
This column provides the costs of the capex and opex of
mine closure per year, should the mine close during that
year, up to 2037. At 2037 it is expected that the mine
will definitely close. The earliest date of the construction
and operation of the WWTP is estimated at 2066, should
the mine be closed at 2021. Costs per year are escalated
by CPIX from 2066 to 2119.
The Present Value of the trust fund or bank guarantee
needs to be sufficient to finance mine closure within the
subsequent 10 years. In this column the present value for
2020 is R34 671.64 – which is equal to the calculated costs
of closure in the year 2031 – 10 years later.

In summary, the main differences between the Atha-Africa financial provision estimates and
the GCS calculations are:
•

Atha-Africa did not include the required costs for wetland rehabilitation and
offsetting;

•

Atha-Africa omitted to include any provision for the treatment of post-closure decant
from the mine works; and

•

Atha-Africa erred in using R700 / 10 hectares for maintenance according to the Master
Rate.

6

FINDINGS OF ASSESSMENT

The key dates for the mine closure stages were provided as 2020 (start of operations), 2037
(end of LoM), 2082 (start of decant), with WWTP operating until 2102 (20 years of decant
treatment). As per legislation and guidelines, present value of financial provision has been
calculated at 10 year subsequent to the year in question, i.e. 2021 must have sufficient
financial provision to address costs in 2031.
The financial provision provided by Atha-Africa falls short of addressing short-term and longterm environmental impact management and mitigation objectives.
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Notable differences between the Atha-Africa cost estimates and those calculated by GCS
include the following:
•

An error in using R700/10ha for maintenance and aftercare, instead of the corrected
R7000/10ha;

•

Wetland offsetting and rehabilitation estimates; and

•

Wastewater Treatment Plant construction and operation for treatment of decant postclosure.

As a result, GCS has found that the Atha-Africa financial provision estimates for 2020 (as
escalated from 2013 to 2020 by GCS using CPIX) are less than a quarter (1/4) of the realistic
costs. Furthermore, going forward costs will escalate significantly when the WWTP is
constructed and operation costs are included within the annual budget. Appendix B provides
the estimated realistic costs per annum from 2020 to 2102, considering dates for construction
of the WWTP at 45 years post closure, where closure can be at any time between 2021 and
2037.

7

APPROPRIATE FINANCIAL VEHICLES

The appropriate financial vehicles have been compared by the World Bank, providing the
information in Table 7-1 below.
Table 7-1. Evaluation of Commonly Used Financial Surety Instruments (World Bank; 2008)
INSTRUMENT

ADVANTAGES

DISADVANTAGES

Company Guarantee

Most advantageous for a mining

Even very large companies can fail, no

company as it does not tie up

matter what their financial health was

capital. It is simple to administer

when mining started. Annual Reports

and can be made publicly available

and financial statements are not immune

through Annual Reports.

to manipulation. Problematic public
acceptance.

Insurance Policy / Scheme

16.1159

Low

cost

to

smaller

mining

Very

few

insurance

products

are

companies and no tie-up of capital.

currently available. There is a reluctance

Modest cash outflow from mine

of large insurers to cover environmental

operator.

liability risks.
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INSTRUMENT

ADVANTAGES

DISADVANTAGES

Bank Guarantee

Cheap to set up and no capital is

Surety provider may fail. Obtaining a

tied-up. Modest cash outflow from

guarantee may reduce the borrowing

mine operator. Less administrative

power of the mining company.

requirements. Governments can
reserve the right to approve banks
form

which

they

accept

a

guarantee, hereby minimizing the
risk of failure.
Surety Bond

Availability of bonds depends on the
state of the surety industry and may be
negatively affected by market forces
outside the mining industry.

Generally low expense and no tie-

A bond issuer may fail. Rating of the

up of capital.

company that determines the cost. This
may be substantially higher for smaller
companies without a proven track
record.

Cash Deposit

Cash is readily available for closure

Significant capital tie-up for the duration

and

Investment-

of the mine life, especially for large

grade securities can be traded with

mining projects. Some governments may

minimal risk of liquidity. High public

be tempted to use the deposited cash for

acceptance.

other purposes. Cash is more vulnerable

rehabilitation.

to fraud and theft.
Trust Fund

High public acceptance. Trust funds

Risk of bad management of the trust

may appreciate in value.

fund.
The trust fund may not have enough
value

accumulated

through

annual

payments if mining project ceases
prematurely. Trust fund management
and administration consumes some of
the value and income earned.

Considering the above evaluation from the World Bank document (2008), and the fact that
South African legislation favours trust fund, bank guarantee and cash deposit, (NEMA Financial
Provisioning Regulations, 2015 (Regulation 1147, as amended)) this report is assuming that a
trust fund or bank guarantee will be utilized as the financial vehicle. Atha-Africa has already
provided the estimated R5.7 million of the estimated Financial Provision by bank guarantee.
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CONCLUSIONS

It is evident from the above investigation and costs estimates for closure and long-term
maintenance, that the Atha-Africa Financial Provision calculations are incomplete and
insufficient to adequately provide protection and rehabilitation to the receiving environment.
This investigation was carried out conservatively in order to avoid inflation of estimates.
Therefore, it is likely that even the costs estimated in Section 5 of this report may be
significantly lower than the actual costs of operation and closure of the mine. However, this
report provides a good indication that a full revision of all closure, rehabilitation and water
management costs should be carried out.
GCS Water and Environment is of the opinion that a full-scale assessment of the Financial
Provision should be carried out in order to best provide Atha-Africa Ventures with accurate
costs. The present value of these costs is essential in order to inform the value of the trust
fund at any year.

Costs for wastewater treatment are vital for effective environmental

monitoring, management and protection in perpetuity, or at least for a period of 20 years
after decant, as a very conservative limit.
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9.1

Documents used as the basis for review:
•

Atha-Africa Ventures (Pty) Ltd, 2015. “Amended Environmental and Social Impact
Report and Environmental and Social Management Programme”.

•

Atha-Africa Ventures (Pty) Ltd, undated, Version 4. “YUCM Wetland Management and
Rehabilitation Plans/Strategies”.

•

GUIDELINE DOCUMENT FOR THE EVALUATION OF THE QUANTUM OF CLOSURE-RELATED
FINANCIAL PROVISION PROVIDED BY A MINE, Department of Minerals and Energy,
January 2005 (the DME Guideline)

•

Approved EMPR (‘submitted’ March 2014; approved 28 June 2016) excerpt: Section 17
entitled ‘FINANCIAL PROVISION’ (EMPR pages 531-6)

•

Financial Guarantee for the Rehabilitation of Land Disturbed by Mining, Lombard
Insurance Company Limited, 2015-06-04

•

Delta H ‘Yzermyn Underground Coal Mine - Numerical Groundwater Model Report’
(August 2014) (‘the Delta H Report’)

•

Scientific Aquatic Services cc (SAS) ‘WETLAND ECOLOGICAL ASSESSMENT AS PART OF
THE ENVIRONMENTAL ASSESSMENT AND AUTHORISATION PROCESS FOR THE PROPOSED
YZERMYN COAL MINING PROJECT NEAR DIRKIESDORP, MPUMALANGA PROVINCE’ (JUNE
2014, Revised MAY 2015) (‘the SAS Wetland Ecological Assessment’)

•

Atha-Africa Ventures (Pty) Ltd (Atha) Integrated Water and Waste Management Plan
for Yzermyn Underground Coal Mine (March 2015, Revised August 2015) (IWWMP)

•

GCS ‘IWULA, IWUL and Specialist Studies Review of the proposed Yzermyn Colliery
Mpumalanga’ (18 November 2016, Revised on 1 December 2017) (‘the GCS Review’)

•

GCS PowerPoint presentation document (24/07/2018) (Exhibit 5 in the Record of
Proceedings in the Water Tribunal Appeal [Appeal no.: WT 03/17/MP])

•

Eco-Pulse, “YZERMYN COAL MINE IN THE PIXLEY KA SEME LOCAL MUNICIPALITY,
MPUMALANGA PROVINCE: WETLAND SPECIALIST ADVICE” (August 2019).

•

Report for PRIME SPOT TRADING 11 (PTY) LTD, DMR Application Reference No. GP
10049 MR, UMHLABA ENVIRONMENTAL CONSULTING CC, 2017.
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13 August 2019
ATTENTION: Mr. Sean Ripley
GCS Water & Environmental Consultants
63 Wessel Road, Rivonia,
Johannesburg, South Africa
Email: seanr@gcs-sa.biz

YZERMYN COAL MINE IN THE PIXLEY KA SEME LOCAL MUNICIPALITY, MPUMALANGA
PROVINCE: WETLAND SPECIALIST ADVICE
Dear Sean

1. Introduction and Scope of Work
Eco-Pulse Environmental Consulting Services (hereafter referred to as ‘Eco-Pulse’) were requested by
GCS SA (Pty) Ltd (‘GCS’) to provide wetland specialist advice on several aspects related to the Water
Use License of the proposed Yzermyn Coal Mine. The agreed to scope of work that was completed was
as follows:
•

Estimate the extent of the wetlands to be measurably negatively impacted by the project
including:

•

o

Wetlands to be directly impacted by surface mining infrastructure.

o

Wetlands to be indirectly impacted by groundwater drawdown.

o

Wetlands to be indirectly impacted by mine decant.

Review the rehabilitation plan with a focus on:
o

Rehabilitation constraints and opportunities;

o

Realistic rehabilitation potential of impacted areas;

o

Rehabilitation assumptions (i.e. achievable post-rehabilitation state);

o

Costs of rehabilitation proposed including ‘ballpark’ ranges of costs of wetland rehab
per hectare.

•

Provide an estimate of residual impacts on wetland condition with supporting rationale for the
different impact types mentioned above under the realistic post-rehabilitation scenario.

•

Provide comment on the significance of residual wetland impacts in terms of impacts to water
resource management and ecosystem conservation.

•

Provide comment on the need for wetland offsets to compensate for significant residual
impacts including:
o

What offset actions are likely to be required.

o

‘Ballpark’ ranges of costs of wetland offsets in this setting.

This letter report documents the findings of the wetland specialist assessment as per the above-listed

scope of work.

2. Information provided to Eco-Pulse
Upfront, it is important to list the information provided to Eco-Pulse for review which the following
assessment is based upon. The following information was provided to Eco-Pulse from GCS:
•

Specialist reports received (in PDF format):
o

Wetland Ecological Assessment Report for the proposed mine (Scientific Aquatic
Services, 2015).

o

Letter: Confirmation of detailed survey of wetland boundaries in the vicinity of the
Yzermyn surface footprint (Scientific Aquatic Services, 2014).

o

Wetland Assessment Report for the proposed mine (Natural Scientific Services, 2013).

o

Faunal, Floral and Ecological Wetland Assessment Report for the proposed discard
dump (Scientific Aquatic Services, 2014).

•

o

Geohydrological Impact Assessment Report for proposed mine (WSP, 2013).

o

Numerical Groundwater Model Report for the proposed mine (Delta h, 2014).

o

Extracted section on rehabilitation from EMP, 2014.

Layout plans and designs (in PDF or JPEG format):
o

•

‘General Layout Plan Showing Wetland Crossings’ Drawing No.: OFC 07/01A).

Spatial data (in GIS shapefile format):
o

Desktop modelled wetland seeps (very coarse resolution).

o

Desktop modelled channelled valley bottom wetlands (very coarse resolution).

o

Desktop modelled bench wetlands (very coarse resolution).

o

Surface infrastructure site footprint.

o

Deep aquifer drawdown contours.

o

Shallow aquifer drawdown contours.

o

Underground mining area.

o

Adit location.

o

Hydrocensus.

o

Springs.

The following important information was not received:
•

•

•

Specialist reports:
o

Stormwater management plan (Highlands Hydrology, 2015).

o

Biodiversity Baseline & Impact Assessment Report (Natural Scientific Services, 2013).

o

River / aquatic impact assessment (it is assumed that such a study was not done).

o

Wetland rehabilitation plan (it is assumed that such a study was not done).

Layout plans and designs (in PDF or JPEG format):
o

The location and extent of the proposed discard dump and washing plant.

o

Wetland crossing A design drawing.

o

Wetland crossing B design drawing.

Spatial data (in GIS shapefile or AutoCAD format):

o

Surface infrastructure layout plan (for the accurate calculation of direct wetland
impacts).

o

The location and extent of the proposed discard dump and washing plant.

o

Finalised wetland boundaries from Scientific Aquatic Services (2015) report in GIS
shapefile format.

3. Confirmation of the Extent of Wetland Impacts
3.1. Impacts of direct wetland modification (i.e. infilling and excavation)
Two wetland seeps stand to be directly impacted by the proposed surface mining infrastructure. The
location and extent of the proposed surface mining infrastructure footprint in relation to the wetland
seeps is shown in Figure 1 below. The total wetland area within the mining footprint is 12.1ha with 9.33ha
of Unit S1 and 2.78ha of Unit S2 occurring within the footprint as summarised in Table 1. However, the
mining layout plan shown in Figure 2 below indicates that not all the wetland areas within the footprint
shown in Figure 1 will be physically disturbed and only those areas within and in the vicinity of the surface
infrastructure will be directly impacted. However, these areas could not be calculated because the
surface infrastructure layout plan was not provided to the author in a spatial data format that would
allow the calculation of accurate footprint extent.
Please also note that no details on the location and extent of the discard dump and washing plant were
provided to the author. Therefore, we assume that the potential direct wetland impacts associated with
these features do not require assessment.
Table 1. Summary of the wetland areas occurring within the surface infrastructure footprint as calculated
by SAS (2014).
Wetland Label

Area Extent (Ha)

Relative %

S1

9.325

77.06%

S2
Totals

2.776
12.101

22.94%
100.00%

Figure 1. The location and extent of the surface mining footprint in relation to the desktop mapped
/modelled wetlands.
The following assumptions and limitations apply to this section:
•

As the mining layout shown in Figure 2 above was not provided to the author in a format that
could be imported into a Geographic Information System (GIS), the areas of wetland to be
physically impacted could not be calculated. Only the area of wetland occurring within the
overall mining surface infrastructure footprint (see Figure 1) were calculated which does not
give an indication of actual wetland physical modification and loss.

•

The outer boundary of the wetlands within the greater mine study area provided to Eco-Pulse
by GCS in GIS shapefile format were irregular indicating that they had been desktop modelled
or mapped at a desktop scale only. Eco-Pulse did not receive the final delineated wetland
boundaries in GIS shapefiles format.

•

The outer boundaries of Wetland Units S1 and S2 did not appear to be the final wetland
delineation mapping as the outer boundary in the mine surface infrastructure layout plan (see
Figure 2 below) provided to Eco-Pulse was slightly different to that of the GIS shapefiles
provided.

Figure 2. Location and extent of surface mining infrastructure (extract from the ‘General Layout Plan Showing Wetland Crossings’ Drawing No.: OFC 07/01A).

3.2. Impacts of groundwater drawdown
Based on the conceptual groundwater model developed for the site by WSP (2013) (see Figure 3 below),
the wetlands within the study area are fed by the following groundwater sources:
•

Perched groundwater on low permeability material in the weathered zone or in colluvium i.e.
shallow weathered karoo aquifer.

•

Springs originating at contact zones between karoo rock and dolerite i.e. perched aquifer
above dolerite.

•

Perched groundwater on hard unweathered rock at the base of the weathered zone i.e.
perched aquifer above geological contacts.

Most of recharge that enters the shallow weathered aquifer exits the shallow aquifer system as outflow
(baseflow) to rivers, indicating significant surface and groundwater interaction, though it most likely
limited to the rain season (Delta h, 2014).

Figure 3. Conceptual groundwater model developed by WSP (2013).
Based on the above conceptual groundwater model (WSP, 2013), wetland water inputs may be reduced
as a result of the following activities:
•

Excavation of underground voids (i.e. underground workings) and the resultant interception of
aquifers and the drawdown of the deep and shallow aquifers.

•

Dewatering of aquifers above the underground workings and the drawdown of the shallow
aquifers.

•

Abstraction of groundwater for water supply and the drawdown of the deep and shallow
aquifers (i.e. from Boreholes 2D, 3S and 7S).

Considering the uncertainties in the extent and intensity of groundwater drawdown impacts to wetlands,
a precautionary approach was taken that assumes that all wetlands that occur within the shallow aquifer
drawdown area (as shown in Figure 4 below) will experience reduced water inputs to varying degrees

Furthermore, this impact zone may be expanded if the drawdown of the deep aquifer results in lowering
of the shallow aquifer, which will likely be where the shallow and deep aquifers are linked by faults and
fractures. However, WSP (2013) state: As a result of the limited connectivity between the deeper and
shallower groundwater bodies drawdown in the deeper aquifer is expected to have a limited impact on
the shallow perched aquifers. For this reason, the extent of the area of wetlands to be impacted by
reduced water inputs is considered the shallow aquifer drawdown area only (Figure 4).

Figure 4. Extent and depth of shallow aquifer drawdown as modelled by Delta h (2014) (map prepared
by GCS).

Figure 5. Extent and depth of deep aquifer drawdown as modelled by Delta h (2014) (map prepared by
GCS).
The following assumptions and limitations apply to this section:
•

The drawdown modelling factors in the combined effect of the following activities:
o

Excavation of underground voids (i.e. underground workings) and the resultant
interception of groundwater and the drawdown of the deep and shallow aquifers.

o

Dewatering of aquifers above the underground workings and the drawdown of the
shallow aquifers.

o

Abstraction of groundwater for water supply and the drawdown of the deep and
shallow aquifers (i.e. from Boreholes 2D, 3S and 7S).

•

The deep aquifer drawdown will have a negligible impact on the shallow groundwater aquifers
as stated by WSP (2013).

•

The impacts of the discharge of pumped water (from dewatering) back into the environment
have not been considered in this section.

3.3. Impacts of mine decant
There is a possibility that groundwater will start to decant at points in the landscape once the
underground voids have filled up with water. According to WSP (2013), mine decant is possible from
boreholes located at elevations lower than the adit and where faults with high permeabilities are
intersected in the workings such that the hydraulic head at potential decant points is be higher than the
pre-mining head. The decant elevation has been calculated as 1480m and the decant rate from

potential points was modelled to be <100m3/day under maximum seepage conditions (WSP, 2013). If
decant were to occur, three wetland impacts are likely, namely:
•

Erosion and sedimentation of wetlands below decant points as a result of the concentrated
surface flows.

•

Increased wetland soil saturation levels and a shift in wetland plant species composition of
wetlands below decant points.

•

Pollution of wetlands below decant points as a result of the contamination of the water within
the underground workings.

As the location of the predicted decant points was not provided, the extent of the wetland areas to be
affected could not be mapped.
It is also important to note that mine decant will need to be treated. At this stage the methods of
treatment have not been confirmed. Treatment methods could be passive or semi-passive, using artificial
wetlands or active treatment using ion exchange, reverse osmosis or bioreactors. Current indications are
that active treatment will be needed and budgeted accordingly. If such mine decant treatment is
adopted by the applicant, the wetlands or rivers at the treatment plant discharge point are likely to
experience substantially increased water inputs with associated erosion and sedimentation impacts. the
extent of the impact is predicted to be substantially reduced to an area below the treated decant
discharge points.

4. Comment on the Wetland Rehabilitation
4.1. Summary of the proposed rehabilitation measures for direct impacts
Section 16 of the EMP was provided to Eco-Pulse for review. This Section describes the general
rehabilitation methods to be used at the mine and can be considered more of a rehabilitation strategy.
For those areas to be directly impacted by surface infrastructure, the following general rehabilitation
measures are proposed:
•

Dismantling and removal of all infrastructure.

•

All hazardous material will be removed to an appropriate hazardous waste facility.

•

Reshaping of the affected land according the existing contours. The landscape design will
ensure no slopes of more than 8° are created. Where steeper slopes are inevitable, contour
berms will be put in place to control runoff, ensuring that water runs from slopes shorter that
25m into contour drains at slopes of less than 1°.

•

Placement of topsoils stripped and grubbed from the impacted area during construction.
Topsoil stripping depths will be monitored to ensure that all allowable topsoil gets stripped. A
running topsoil and subsoil balance will be kept during the life of mine and will be updated
annually. All soil placement and levelling should be done during the dry winter months with a
small tracked bulldozer to limit compaction and improve handling characteristics of soils.

•

All placed soils will be ripped parallel to the contour, by a tracked machine to a depth
exceeding 400mm, with tines not further than 300mm apart and a tine ripping directly behind
each track. All ripping should be done after the first 120mm of rain has fallen for the season.

•

Construct contour bunds for runoff management and erosion control.

•

The soil cover will be fertilized with a NPK fertilizer mix to adjust the soil fertility to the appropriate
levels based on soil analyses. Care will be taken to ensure that over fertilization does not occur
to prevent any eutrophication of surface water close to the site.

•

A seed mix of species appropriate for the area will be spread on the prepared surface. Seed
will be harvested from the surrounding undisturbed areas for seeding at a rate of 1 ha
harvested for every 4 ha to be seeded. This will be supplemented by commercially available
seed to ensure quick cover establishment. All seeding should be done after the first 120mm of
rain has fallen for the season.

4.2. Rehabilitation constraints and opportunities
The following rehabilitation constraints are relevant in this setting:
•

The reinstatement of the natural soil saturation levels in areas where the soil profiles are
disturbed or compacted could prove tricky as the wetlands are assumed to be driven by
perched groundwater in weathered zones and above impermeable layers.

•

Although a planting palette has yet to be developed for re-vegetation, it is assumed that most
of the grass and forb species that are native to the seep wetlands in the area are not
commercially available. Therefore, species selected will have to be limited to those that are
commercially available and/or some species will need to be cultivated and propagated for
the purposes of this project which will be costly.

•

Being constrained by the use of commercially available seed only could reduce the
effectiveness of revegetation in terms of establishing a desirable species composition in the
long-term.

•

Seed harvesting is intensive and requires a specific set of expertise to ensure that the seeds are
harvested at the correct time, are stored appropriately and have a high germinability. This
should thus ideally be done by a contractor with experience in grass seed harvesting.

•

Plant rescue for rehabilitation will be costly and require the establishment of a temporary plant
holding area and nursery. However, if plugs or sods are needed, this option would likely be less
costly than getting a nursery to produce the vegetative material.

•

Active planting of plugs, sprigs and/or sods produced by a nursery will be extremely costly due
to remoteness of the site and costs required to harvest, grow and transport plants.

•

Re-vegetation using the seed broadcasting method often has less than desirable results in
terms of seed germination, especially if the persons undertaking the broadcasting are
inexperienced and/or soil preparation is not appropriate.

•

No data on the natural / inherent nutrient status of the wetland soils have been provided to the
author. If the soils have a low natural nutrient status, then the application of fertilizers could
result in the proliferation of opportunistic and weedy species at the expense of more desirable
species that may be adapted to lower nutrient levels.

•

Uncontrolled grazing could substantially reduce the success of re-vegetation.

•

Uncontrolled and too regular burning could substantially reduce the success of re-vegetation.

The following rehabilitation opportunities are relevant in this setting:

•

Alien and weed seed banks and propagule sources appear to be limited.

•

Indigenous seed banks appear to be present and there is likely to be local indigenous
propagules to recolonize the site. Therefore, re-vegetation can focus on ‘kickstarting’
succession rather than trying to actively plant the full suite of desirable species.

•

Re-vegetation via broadcasting allows for the customisation of the seed mix and the inclusion
of the seed of desirable species harvested locally.

•

If a hydroseed mix can be developed that includes desirable plant species, hydroseeding may
be a more suitable re-vegetation method for the site option and may strike a better balance
between cost and establishment success than broadcasting. Some of the key advantages of
hydrosdeeding over other seeding methods like broadcasting and drill seeding are: (i) a
quicker and more even germination is achieved as the wood fibres used provide moisture
retention for the seed and the spray application ensures an even distribution of seed; (ii) the
seed is embedded in the fibres that insulate the seeds from sun scorch and protect them from
washing away and birds; (iii) the fibres can hold up to 10 times their weight in water, creating a
favorable environment for germination; (iv) the mulch eventually biodegrades and acts as a
fertilizer.

4.3. Rehabilitation cost estimates
A crude cost estimate (excluding VAT) for the rehabilitation of wetlands directly impacted by mining
activities is provided in Table 2 below. Based on this cost summary, the conservative cost estimate for
the intensive rehabilitation of 4ha of seep wetland is R6 636 000, which is R1 659 000 per hectare. This
estimate is based on several assumptions, namely:
•

The total area of wetland to be directly impacted and thus require intensive rehabilitation has
been conservatively estimated as 4ha. This area will need to be refined following receipt of the
surface infrastructure in a spatial data format.

•

The rehabilitation costs do not include the costs for the removal of all foreign material from the
wetlands like fill material and concrete. This is assumed to be included in the costs of
decommissioning / dismantling.

•

Earthworks for the purposes of rehabilitation will be required over 50% of the 4ha area requiring
intensive rehabilitation and the depth / thickness of mass of material to be subjected to
earthworks is assumed to be 1m.

•

Geofabric and erosion control measures will be required over 25% of the 4ha area requiring
intensive rehabilitation.

•

Assumed all grass seed harvesting will be done by hand by a labour team over 2 days covering
a total of 1ha. Costs will include 10 labourers and 1 supervisor.

•

The assumed seeding rate is 1 ha harvested for every 4 ha to be seeded. This will be
supplemented by commercially available seed to ensure quick cover establishment.

•

A 20% contingency costs have been included to factor in unaccounted for and/or unforeseen
costs including fertilizer.

•

The rehabilitation costs will need to be revised once the footprints of the surface infrastructure
features within the wetland are accurately calculated i.e. provide in spatial data format.

Table 2. Conservative estimate of the costs of wetland rehabilitation.
Rehabilitation Aspect

Unit

Cost Per Unit

Estimated Quantity

Cost Estimate

Seed harvesting

m2

R3.00

10000

R30 000.00

Earthworks (suitable earthen material)

m3

R120.00

10000

R1 200 000.00

Earthworks (select granular material)

m3

R300.00

10000

R3 000 000.00

Reshaping

m2

R20.00

40000

R800 000.00

Geofabric & erosion control

m2

R10.00

10000

R100 000.00

Re-vegetation (Manual Seeding)

m2

R10.00

40000

R400 000.00

Sub-total

R5 530 000.00

Contingency

R1 106 000.00

TOTAL (excl. VAT)

R6 636 000.00

5. Residual Impact Assessment for the Post-Rehabilitation Scenario
5.1. Impacts of direct wetland modification (i.e. infilling and excavation)
A list of the surface infrastructure to be established is provided in Table 3 below with an indication of the
wetland rehabilitation potential associated with each of the surface infrastructure features is also
provided in Table 2 below. Wetland rehabilitation potential has been rated using a 3-point scale – good,
moderate or poor. By wetland rehabilitation potential we mean the degree to which the wetland land
surface, soil profile and vegetation can be reinstated to present day characteristics. Good, moderate
and poor rehabilitation potential means a 0-20%, 20-50% and 50-100% degradation in integrity relative to
present respectively, under a realistic post-rehabilitation scenario. Please note that the rehabilitation
potential ratings were based on the author’s professional experience and the rehabilitation details
provided in Section 4 above.
The wetland assessment report (SAS, 2015) indicate that the two seeps to be directly impacted are in a
moderately modified health (PEC Class C). The PES impacts scores for Units S1 and S2 are 2.0 and 2.1
respectively, which are scores that are borderline between the near natural (Class B) and moderately
modified (Class C) categories. This means that the ecological condition as a percentage of Units S1 and
S2 are 80% and 79% respectively. However, a subsequent letter from SAS (dated December 2014)
confirmed that the portions of the seep wetlands within the overall surface infrastructure footprint (Figure
1) are more degraded than the PES assessment (SAS, 2015) suggests. The following statements from the
SAS (2014) letter are relevant:
•

The wetlands in the vicinity of the proposed surface infrastructure are best defined as hillslope
seeps which are highly marginal and due to the nature of the wetlands forming a temporary
wetland/moist grassland mosaic. The variation from the surrounding terrestrial areas is extremely
limited and no significant niche habitat is created. The importance of these hillslope seepage
wetlands from a floral and faunal habitat conservation point of view is therefore considered
extremely limited.

•

The wetland resources in the vicinity of the proposed surface infrastructure have been
significantly disturbed due to historical tilling and crop cultivation as well as grazing and
seasonal fires. These impacts have affected the vegetation community and soil profiles and no
vegetation communities of significant conservation importance were observed. The loss of
these vegetation and habitat resources within the proposed infrastructure area is therefore not

considered significant at any spatial scale.
Considering the temporary and degraded nature of the seeps to be impacted (SAS, 2014) and the
measurable alteration of the composition of the grassland communities, rehabilitation potential is
expected to be on the borderline between moderate and good in a post-rehabilitation scenario for all
areas affected. The largest predicted reductions in ecological state post-rehabilitation is for the areas of
wetland to be infilled and/or excavated in the medium to long-term by the (i) workshop platform, (ii) the
pollution control dam (PCD), (iii) the tank platform, (iv) canals and drains and (v) road crossings. For the
wetlands affected by these activities, the natural topography and soil profiles are likely going to need to
be reinstated. With the requirement for such intensive rehabilitation there is a risk that the soil saturation
regime may not be able to be reinstated entirely. Similarly, although the wetland grassland vegetation
communities are already moderately to largely degraded and quite marginal in terms of presence of
wetland plants (SAS, 2015), rehabilitation is unlikely to reinstate the current composition and diversity of
the present-day communities. Thus, there will be a residual loss of wetland integrity and function with
realistically achievable intensive rehabilitation. The aggerated area of wetland within the footprints of
these ‘high impact’ features could not be calculated accurately because the mine layout plan was not
provided to the author in spatial data format. The rest of the area within the greater surface infrastructure
footprint that may be directly impacted but are unlikely to be infilled or excavated and have good
rehabilitation potential.

Table 3. Summary of the wetland areas to be physically modified per wetland unit.
Surface Infrastructure
Adit

N

Adit runoff diversion berm 2

N

Main

workshop

(including

workshop,

platform

Rehabilitation Actions
N/A. It is assumed that the adit void will be retained in
the long-term. 1
N/A. It is assumed that the adit runoff diversion berm will
be retained in the long-term. 3
Moderate / Good – Infrastructure and fill material will be

ablution

block, soil store, gas / chemical

Wetland Rehabilitation Potential with Assumed

Within Wetland (Y/ N)

Y (Unit S2)

store, wash bay / silt trap, general

removed, the wetland surface reshaped, the wetland
soil

uncompacted,

and

the

wetland

re-actively

vegetated.

storage area, MCC container
Coal conveyor system – Shaft
conveyor, transfer tower, ROM
stockpile

conveyor,

product

N

N/A.

Infrastructure

will

be

removed

and

land

will

be

removed

and

land

rehabilitated.

conveyor
ROM stockpile areas (A and B)

N

Dirty water canal (concrete lined)
– for workshop platform and ROM

N/A.

Infrastructure

rehabilitated.
Moderate / Good – All concrete material will be

Y (Unit S1)

removed, the trench backfilled with appropriate soil and
layering, and the wetland actively revegetated.

stockpiles

Moderate / Good – All PCD infrastructure and foreign
Main pollution control dam with
silt trap and drying slab (at inlet of

material will be removed, contaminated soil will be
Y (Unit S1)

removed, the wetland surface reshaped, the wetland
soil

dirty water canal into to PCD)

uncompacted,

and

the

wetland

re-actively

vegetated.
Dirty water cut-off drain from
access road and offices (Cut-off

Good – The cut-off drain will be backfilled with
Y (Units S1 & S2)

re-vegetated.

Flo-Drain X)
Dirty water canal / V-drain along
access road to RC sump

appropriate soil and layering, and the wetland actively
Good – The V-drain will be backfilled with appropriate

Y (Unit S2)

soil and layering, and the wetland actively revegetated.
Moderate / Good – All infrastructure and foreign material

Access roads including wetland
crossings (A and B)

Y (Unit S2)

will be removed, the wetland surface reshaped, the
wetland soil uncompacted, and the wetland re-actively
vegetated.

Dirty water sumps and pumps
Dirty water HDPE pipeline to
Canal C
Dirty water HDPE outlet pipeline
(from PCD) to steel tanks
Dirty water HDPE pipeline to water

Y (Unit S1)
N
Y (Unit S1)
Y (Unit S1)

Good – All infrastructure will be removed and the
wetland re-actively vegetated.
N/A.

Infrastructure

will

be

removed

and

land

rehabilitated.
Good – The pipeline will be removed, the soil
uncompacted and the wetland actively re-vegetated.
Good – The pipeline will be removed, the soil

1 This is assumed by the author. This will need to be confirmed by the mine engineer.
2 It is assumed that this is a runoff diversion berm as this feature was not labelled in the mine layout plan provided.
However, this will need to be confirmed by the mine engineer.
3 This is assumed by the author. This will need to be confirmed by the mine engineer.

Surface Infrastructure
treatment plant
berms

Rehabilitation Actions
uncompacted and the wetland actively re-vegetated.

Clean water cut-off drains and
diversion

Wetland Rehabilitation Potential with Assumed

Within Wetland (Y/ N)

with

outlet

Y (Unit S1)

protection

Good – Infrastructure will be removed and the wetland
rehabilitated.
Moderate / Good – All tank and platform infrastructure
and foreign material will be removed, contaminated soil

Tank platform with steel tanks

Y (Unit S1)

will be removed, the wetland surface reshaped, the
wetland soil uncompacted, and the wetland re-actively
vegetated.

Water treatment plant

N

Clean water reservoir

N

Offices – office block, office
parking, bus parking, sewerage

N

plant
Fuel bay facility

N

N/A.

Infrastructure

will

be

removed

and

land

will

be

removed

and

land

will

be

removed

and

land

will

be

removed

and

land

rehabilitated.
N/A.

Infrastructure

rehabilitated.
N/A.

Infrastructure

rehabilitated.
N/A.

Infrastructure

rehabilitated.
Good – All infrastructure and foreign material will be

Weigh bridge

Y (Unit S1)

removed, the wetland surface reshaped, the wetland
soil

uncompacted,

and

the

wetland

re-actively

vegetated.
Weigh bridge office

N

Gate house

N

Perimeter fence

Y (Units S1 & S2)

N/A.

Infrastructure

will

be

removed

and

land

will

be

removed

and

land

rehabilitated.
N/A.

Infrastructure

rehabilitated.
Good – All infrastructure and foreign material will be
removed and the wetland re-actively vegetated.

The predicted impacts to hydrological, geomorphological, vegetation and overall wetland ecosystem
condition as a result of the anticipated direct impacts of the proposed surface infrastructure under a
realistic post-rehabilitation scenario is summarised Table 4 below. Based on the information provided and
the assumptions listed below, it was predicted that a 20-21% reduction in wetland condition is expected
for those areas to be infilled and/or excavated and a 8-9% reduction for the remaining wetland areas
within the greater surface infrastructure footprint (Figure 1). In terms of wetland vegetation condition, a
24-25% reduction in condition is expected for those areas to be infilled and/or excavated and a 9-10%
reduction for the remaining wetland areas within the greater surface infrastructure footprint. These
residual losses in wetland condition in terms of overall PES hectare equivalents and vegetation PES
(habitat) hectare equivalents is predicted to be 1.54 ha equivalents and 1.78 habitat ha equivalents
respectively.
A preliminary and crude indication of the residual wetland ecosystems losses are summarised in Table 5
below. The importance scores for the regulating ecosystem series assessed by SAS (2015) were combined

into four regulating services groups, namely:
•

Flood attenuation

•

Low flow regulation

•

Sediment trapping and erosion control

•

Pollutant removal and trapping

The maximum importance score for the above-listed groups was then taken forward as the overall
functional importance score. This score was then converted into a functional value score as a
percentage by dividing the overall functional importance score by 4 (the maximum score). Based on this
approach, the functional value of Units S1 and S2 are 60% and 55% respectively. A crude approximation
of the residual losses in ecosystem services in the form of functional hectare equivalents was then
calculated by multiplying the overall PES hectare equivalent losses by the functional value. The residual
loss in terms of functional hectare equivalents is predicted to be 0.91.
In order to provide comment on the residual impacts to wetland ecosystems, we have had to make
several assumptions, namely:
•

All wetlands occurring within the surface infrastructure footprint provided by GCS as shown in
Figure 1 earlier will be physically modified to varying degrees.

•

As the surface infrastructure footprints were not provided to Eco-Pulse in a spatial data format,
we have had to crudely estimate the extent of the different activities by ‘eye-balling’ the mine
layout plan. The estimate areas are listed in column 2 of Table 3 below.

•

The present state condition of the wetlands was taken from the wetland assessment
completed by SAS (2015).

•

For those wetlands within the footprints of surface infrastructure and which will require intensive
rehabilitation, the following impacts are predicted under a realistic post-rehabilitation scenario

•

o

30% reduction in hydrological health.

o

5% reduction in geomorphological health.

o

30% reduction in vegetation health.

For those wetlands outside of the footprints of surface infrastructure but within the greater
footprint area (Figure 1) that may be impacted, the following impacts are predicted under a
realistic post-rehabilitation scenario:
o

10% reduction in hydrological health.

o

5% reduction in geomorphological health.

o

10% reduction in vegetation health.

Table 3. summary of the Present Ecological State (PES) and Post-rehabilitation Ecological State (PRES) of the wetlands with degree of changes.
Wetland Unit
S1 - Good Rehab
Potential - No infilling or
excavation
S1 – Moderate / Good
Rehab Potential - Infilling
or excavation
S2 - Good Rehab
Potential - No infilling or
excavation
S2 – Moderate / Good
Rehab Potential - Infilling
or excavation
Totals

Affected
Area
Extent
(Ha)

Hydro.
PES (%)

Geo. PES
(%)

Veg. PES
(%)

Overall
PES (%)

Hydro.
PRES (%)

Geo.
PRES (%)

Veg. PRES
(%)

Overall
PRES (%)

Change
Veg. ES
(%)

Change
Overall ES
(%)

Veg. Ha
Eq. Loss

ES Ha Eq.
Loss

6.325

90.00%

80.00%

65.00%

80.00%

80.00%

80.00%

55.00%

73.00%

10.00%

9.00%

0.63

0.57

3

90.00%

80.00%

65.00%

80.00%

60.00%

75.00%

40.00%

59.00%

25.00%

21.00%

0.75

0.63

1.776

88.00%

80.00%

64.00%

79.00%

80.00%

80.00%

55.00%

73.00%

9.00%

8.00%

0.16

0.14

1

88.00%

80.00%

64.00%

79.00%

60.00%

75.00%

40.00%

59.00%

24.00%

20.00%

0.24

0.20

1.78

1.54

12.101

Table 4. summary of the Present Ecological State (PES) and Post-rehabilitation Ecological State (PRES) of the wetlands with degree of changes.
Wetland Unit
S1 - Good Rehab
Potential - No infilling or
excavation
S1 – Moderate / Good
Rehab Potential - Infilling
or excavation
S2 - Good Rehab
Potential - No infilling or
excavation
S2 – Moderate / Good
Rehab Potential - Infilling
or excavation
Totals

Flood Attenuation

Low Flow
Regulation

Sediment Trapping
& Erosion Control

Pollutant Trapping

Max. Regulating
Function / Service
Value

Functional Value (%)

Functional Ha Eq. Loss

1.80

1.50

2.40

2.07

2.40

60.00%

0.34

1.80

1.50

2.40

2.10

2.40

60.00%

0.38

1.80

1.50

2.20

1.90

2.20

55.00%

0.08

1.80

1.50

2.20

1.93

2.20

55.00%

0.11
0.91

5.2. Impacts of groundwater drawdown
During the operational phase of the mine, wetlands within the study area are likely to experience
reduced soils saturation regimes as a result of the drawdown of the deep and shallow aquifers.
During this 50 year period, reduced soils saturation regimes are likely to result in the alteration of
the diversity and species composition of wetland plant communities. For the permanent wetlands,
there is likely to be a shift to more seasonal conditions with a shift towards the dominance of
wetland plants better adapted to seasonal saturation regimes. Similarly, the seasonal wetlands
are likely to shift to more temporary conditions with a reduction in extent and abundance of
obligate wetland species in favour of facultative wetland and dryland species. Effected
temporary wetlands are likely to dry out completely during the life of the mine with a shift to a
dryland grassland species composition.
However, mining activities and mine dewatering will cease on mine closure and the natural
groundwater levels will recover between 20 and 50 years after mining (iLEH, 2013). Ultimately the
impacts to wetlands as a result of reduced water inputs will cease. Thus, the only residual impacts
of the reduced water inputs will be the plant species composition changes that occur during the
duration of the impact. Over time, it is assumed there will be some recovery in plant species
composition relative to present day conditions. A small residual impact to wetland integrity will
likely be the result i.e. a 10% reduction in vegetation PES that could translate into a 5% reduction
in overall PES. It is however impossible to calculate the overall residual impact as the actual extent
of wetlands to be affected is unknown.
It is also important to note that riverine (aquatic) ecosystems also stand to impacted by the
potential groundwater drawdown impacts. Evaluation of the impacts to river ecosystems was
however outside of the scope of this assessment, which has focused specifically on wetland
ecosystems.
5.3. Impacts of mine decant
Mine decant is a possibility once the underground workings have filled up with water after closure.
Mine decant stands to have measurable impacts on the wetlands below the decant points.
Considering most of the seeps within the study area are unchanneled and characterised by
diffuse flow, gully erosion below decant points will have serious impacts on the integrity of the
seeps and result in the loss of ecosystem services. Furthermore, measurable reductions in the
hydrological and vegetation condition of the wetlands below the decant points will likely occur
as a result of the increased soil saturation levels and increased pollutant loads. The assessment of
the potential for AMD undertaken by WSP (2013) revealed that sulphate pollution is likely i.e. 450
– 2500mg/l. If no treatment of polluted mine decant water is undertaken, increased pollutant
loads in combination with increased soils saturation levels is likely to alter the composition of the
vegetation communities considerably, especially the seasonal and temporary wetlands. A crude
prediction is that the reduction in the vegetation condition/ PES of the grassland dominated
wetlands below and in the vicinity of the decant points will likely range from 50-80% if no treatment

is undertaken. However, based on the limited information provided on the predicted decant
points, it is impossible to calculate the overall residual impact as the actual extent of wetlands to
be affected is unknown. To reduce the intensity of these impacts, mine decant will need to be
treated. The wetland impacts would then likely be concentrated below the proposed treatment
plant discharge point. The predicted residual reduction in wetland condition with treatment will
likely be a lot lower than that predicted without treatment (i.e. 10 - 20%) as long as treated effluent
is released back into channels.
It is also important to note that riverine (aquatic) ecosystems also stand to impacted by the
potential groundwater and wetland pollution impacts. Evaluation of the extent of river
ecosystems was however outside of the scope of this assessment, which has focused specifically
on wetland ecosystems.

6. Significance of Residual Impacts
A significant impact is defined in the NEMA EIA Regulations 2017 as follows:
“…an impact that may have a notable effect on one or more aspects of the environment or may
result in non-compliance with accepted environmental quality standards, thresholds or targets
and is determined through rating the positive and negative effects of an impact on the
environment based on criteria such as duration, magnitude, intensity and probability of
occurrence.”
Impact significance is essentially a measure of the desirability, importance and acceptability of
an impact to society (Lawrence, 2007). Importance and acceptability can only be assessed if
one understands the societal importance or value of the natural resource, system or process
affected. For this reason, it is important to provide statements on the following aspects to
contextualise the significance of the resources and systems in terms of ecological and functional
importance of the affected wetland units.
6.1. Comment on wetland importance
Ecological Importance and Sensitivity (EIS) assessment:
The results of the EIS assessment undertaken by SAS (2015) are summarised in Table 5 below. The
EIS ratings indicate that the majority of the wetlands mapped within the study area by SAS (2015)
are of high to very high EIS with the only exceptions being Units S1 and S2 (moderate EIS) that
have undergone modifications due to crop cultivation and grazing and are less representative of
natural wetland grassland communities. Most of the wetlands were given a high to very high score
for most or all of the EIS criteria due to most of the wetlands being in good condition and
representing important habitat for various threatened flora and fauna. It is also important mention
that the majority of the wetlands fall within the Mabola Protected Environment and within the
Enkangala Grassland Biosphere Reserve (SAS, 2015). The study area is also within a River FEPA sub-

quaternary catchment, a Strategic Water Source Area (SWSA) and an Important Bird Area (IBA
ZA020, SA125 Grassland). Furthermore, Unit CVB5 is a Wetland FEPA. This reflects the societal
importance placed on the wetlands from both a water resource management and biodiversity
conservation perspective.

Table 5. Summary of EIS results (SAS, 2015).
Wetland Units

EIS Rating

Criteria Driving Score

Wetland System 1

Very High

•

Rare & Endangered Species - African Grass-owl, Half-collared Kingfisher,
Southern Bald Ibis, Eucomis sp., Gladioli sp., Boophane disticha and Scilla
natalensis.

Wetland System 2

Very High

•

Populations of Unique Species – rationale not provided.

•

Species richness – rationale not provided.

•

PES / ecological integrity

•

Importance in terms of function and service provision

•

Protected status – Mabola Protected Environment

•

Rare & Endangered Species - African Grass-owl, Half-collared Kingfisher,
Southern Bald Ibis, Eucomis sp., Gladioli sp., Boophane disticha and Scilla
natalensis.

•

Populations of Unique Species – rationale not provided.

•

Species richness – rationale not provided.

•

Migration route/breeding and feeding site for wetland species – rationale
not provided.

Wetland System 3

Very High

•

Diversity of habitat types or features – no rationale provided.

•

PES / ecological integrity

•

Importance in terms of function and service provision

•

Protected status – Mabola Protected Environment

•

Rare & Endangered Species - African Grass-owl, Half-collared Kingfisher,
Southern Bald Ibis, Eucomis sp., Gladioli sp., Boophane disticha and Scilla
natalensis.

•

Populations of Unique Species – rationale not provided.

•

Species richness – rationale not provided.

•

Migration route/breeding and feeding site for wetland species – rationale
not provided.

Wetland System 4

Very High

•

Diversity of habitat types or features – no rationale provided.

•

PES / ecological integrity

•

Importance in terms of function and service provision

•

Protected status – Mabola Protected Environment

•

Rare & Endangered Species - African Grass-owl, Half-collared Kingfisher,
Southern Bald Ibis, Eucomis sp., Gladioli sp., Boophane disticha and Scilla
natalensis.

•

Populations of Unique Species – rationale not provided.

•

Migration route/breeding and feeding site for wetland species – rationale
not provided.

•

PES / ecological integrity

•

Importance in terms of function and service provision

•

Protected status– Mabola Protected Environment

Hillslope Seeps

Not assessed.

Wetland S1

Moderate

Protected status – Mabola Protected Environment

Wetland S2

Moderate

Protected status – Mabola Protected Environment

Wetland S11

High

•

Species richness

Wetland Units

Wetland CVB5

EIS Rating

Very High

Criteria Driving Score
•

PES / ecological integrity

•

Protected status – Mabola Protected Environment

•

Rare & Endangered Species - African Grass-owl, Half-collared Kingfisher,
Southern Bald Ibis, Eucomis sp., Gladioli sp., Boophane disticha and Scilla
natalensis.

•

Populations of Unique Species – rationale not provided.

•

Species richness – rationale not provided.

•

Migration route/breeding and feeding site for wetland species – rationale
not provided.

•

Diversity of habitat types or features – no rationale provided.

•

PES / ecological integrity

•

Protected status – Mabola Protected Environment

It is also important to mention that in terms of the National Biodiversity Assessment: Freshwater
Component, the regional reference wetland vegetation types relevant to the wetlands is the
‘Mesic Highveld Grassland Group 8’ and the ‘Mesic Highveld Grassland Group 5’. The majority of
the wetlands fall within the ‘Mesic Highveld Grassland Group 8’. As shown in Table 6 below, the
seeps of the ‘Mesic Highveld Grassland Group 5’ are ‘critically endangered’ and the valley head
seeps and channelled valley bottom wetlands are ‘endangered’. In contrast, all of the relevant
wetland HGM types present of the ‘Mesic Highveld Grassland Group 8’ are ‘least threatened’.
Therefore impacts to the wetlands within the ‘Mesic Highveld Grassland Group 5’ will likely be
significant in terms of wetland ecosystem conservation.
Table 6. Summary of national wetland ecosystem threat status assessments.
Wetland ecosystem type

Ecosystem Threat
Status: NBA, 2011

Ecosystem Threat
Status:
New Assessment

Mesic Highveld Grassland Group 5_Channelled valley-bottom wetland

EN

EN

Mesic Highveld Grassland Group 5_Seep

CR

CR

Mesic Highveld Grassland Group 5_Valleyhead seep

EN

EN

Mesic Highveld Grassland Group 8_Channelled valley-bottom wetland

LT

LT

Mesic Highveld Grassland Group 8_Seep

LT

LT

Mesic Highveld Grassland Group 8_Valleyhead seep

LT

LT

Regulating ecosystem services / functional assessment:
A summary of the ecosystem services assessment results undertaken by SAS (2015) is provided in
Table 7 below. In this regard, SAS state the following:
As shown by these results, the wetland systems overall are deemed to provide
intermediate to moderately high levels of ecological and socio-cultural services. Of
particular importance are functions such as carbon storage, assimilation of phosphates,
nitrates and pollutants thus enhancing water quality in the region, and erosion control.
Whilst the opportunities to provide such functions are currently relatively low, due to the
very low level of disturbances in the area at present, the potential of the wetlands to

provide such benefits in the future may be compromised by the proposed mining
activities.

Table 7. Summary of regulating ecosystem services results (SAS, 2015).
Wetland Units

Ecosystem Service Rating

Wetland System 1

Moderately High

Wetland System 2

Moderately High

Wetland System 3

Moderately High

Wetland System 4

Moderately High

Hillslope Seeps

Moderately High

Wetland S1

Moderate

Wetland S2

Moderate

Wetland S11

Moderate

Wetland CVB5

Moderate

Recommended Ecological Category (REC) for Water Resource Management:
The recommended ecological category (REC) is the target or desired state of resource units
required to meet water resource management objectives and quality targets. It is determined
through the consideration of the PES, EIS and realistic opportunities to improve the PES that is
driven by the context / setting. The modus operandi followed by DWAF’s Directorate: Resource
Directed Measures (RDM) is that if the EIS is high or very high, the REC should be A or B. Therefore,
if the ecological management objective should be to improve the condition of the wetland or
river (Kleynhans & Louw, 2007).
6.2. Comment on impact significance assessment
The impact significance assessment undertaken by SAS (2015) concluded that with appropriate
onsite mitigation and rehabilitation (i.e. ‘managed’ scenario), the following impacts will still be
considered significant:
•

Loss of wetland habitat and ecological structure (construction phase: seeps) – Mediumhigh significance.

•

Loss of wetland habitat and ecological structure (operational phase: CVBs and seeps) –
Medium-high significance.

•

Changes in wetland ecosystem services provision (construction phase: seeps) –
Medium-high significance.

•

Changes in wetland ecosystem services provision (operational phase: CVBs and seeps)
– Medium-high significance.

•

Impacts on wetland hydrological function (construction phase: seeps) – Medium-high
significance.

•

Impacts on wetland hydrological function (operational phase: CVBs and seeps) – High
significance.

•

Impacts on wetland hydrological function (closure phase: CVBs and seeps) – High
significance.

These findings seem reasonable considering the proposed mining activities will result in a small to
moderate degradation in the condition of important wetland ecosystems at the local to regional
scale, a small to moderate degradation in the supply of moderately important wetland
ecosystem services at the local to regional scale, and small to moderate impact to regional water
quantity and quality. Furthermore, the mine development is generally in contradiction to the
management objectives for the wetlands and river ecosystems as defined according to the REC,
the land use guidelines for River and Wetland FEPAs, International Birding Areas (IBAs), strategic
water source area management and protected environment management. In addition, there
are just too many uncertainties regarding the efficacy of rehabilitation and management to
reduce the residual impacts of the proposed mine to acceptable levels. The precautionary
approach dictates that some measurable change is likely, especially considering the scale of
impact.

7. Comment on the Need for Wetland Offsets
The significance assessment results (SAS, 2015) as discussed in Section 6 above indicate that
significant residual impacts (rated as moderately-high to high) will occur that cannot be reduced
to acceptable levels (significance lower than medium / moderate) using onsite mitigation
measures. Therefore, such residual impacts can only be reduced by implementation of wetland
offsets.
In this context, the most desirable offset would be the purchase of land with similar wetland
characteristics for inclusion in the Mabola Protected Environment and the funding of the
proclamation, rehabilitation and conservation management of this additional area for 30 years.
Other potentially acceptable offset options that could be pursued if the most desired option is
found to be unfeasible are establishing a conservation agreement with an adjacent landowner(s)
for the inclusion of land in the Mabola Protected Environment and the funding of the
proclamation, rehabilitation and conservation management of this additional area for 30 years,
or providing a monetary contribution to the management authority of the Mabola Protected
Environment. This monetary contribution would be commensurate with the costs to achieve the
proclamation, rehabilitation and conservation management of this additional area for 30 years.
Typically, offset costs include upfront costs (land purchase, planning, rehabilitation, proclamation)
and annual management costs. Conservative and crude per unit cost estimates (all excluding
VAT) based on previous offset projects that the author has worked on are:
•

Upfront costs:
o

Land purchase – R150 000/ha.

o

Planning and proclamation – R500 000.

•

o

Fencing – R100/m.

o

Rehabilitation costs – cannot be determined at this stage.

Annual management costs – R5000/ha.

These costs do not include the preparation of the detailed wetland offset plan that typically costs
in the range of R200 000 – R300 000.

8. Information Gaps and Limitations of the Wetland Impact Assessment
The following gaps and limitations of the wetland impact assessment were found:
•

The accurate extent of wetland areas to be physically modified still needs to be
confirmed.

•

There are major uncertainties regarding the extent and intensity of the impacts to local
and regional wetland and river ecosystems as a result of the predicted groundwater
drawdown and mine decant impacts.

•

The impacts of the discharge of pumped water (from aquifer and underground
workings dewatering) back into the environment were not assessed.

•

There is no detailed mitigation and management plan for how decant is proposed to
be treated and managed and what watercourses are to be impacted. This is critical for
financial feasibility analysis and confirmation of whether all predicted decant can be
treated.

•

Regional impacts to water quality and quantity are anticipated that will impact rivers as
well as wetlands. Furthermore, rivers are present within the study area. Yet, it appears
that a specialist river (aquatic and riparian) ecosystem impact assessment has not been
done.

•

The land use guidelines for activities within River FEPA sub-quaternary catchments
indicate that where flow reduction activities are planned, the relevant sub-quaternary
catchments should be considered priorities for reserve determination, especially those
that are threatened or water stressed. Yet, it appears that a specialist river ecological
reserve / water requirements assessment has not been done.

•

The land use guidelines for activities within Wetland FEPA catchments indicate that
where flow reduction activities are planned, the affected Wetland FEPAs should be
considered priorities for reserve determination. Furthermore, the guidelines state that
reserve determinations for wetland FEPAs should be done at the highest confidence
level possible. It is recommended that at least a Rapid III Reserve Determination should
be completed prior to new abstraction permits being considered for wetland FEPAs.
Yet, it appears that a specialist wetland ecological reserve / water requirements
assessment has not been done.

9. Conclusion
This short report documents the anticipated impacts of the proposed mining activities based on
a realistic post-rehabilitation scenario, as well as describes the realistic rehabilitation scenario and
the costs thereof. The intention of this report is to assist the Centre for Environmental Rights (CER)
in their evaluation of the significance of the potential wetland impacts and whether the mitigation
proposed is sufficient to mitigate all residual impacts to acceptable levels. The conclusion of this
report is that significant residual impacts (fated as moderately-high to high) will occur that cannot
be reduced to acceptable levels (significance lower than medium / moderate) using onsite
mitigation measures (i.e. rehabilitation and management measures). Therefore, wetland offsets
will be required to reduce the significance of the residual impacts to acceptable levels.

Please do not hesitate to contact me directly should you have any queries or require further clarity
on the findings and recommendations provided in this brief report.
Yours sincerely,

Ryan Edwards (Pr. Sci. Nat.)
Senior Environmental Scientist & Wetland Ecologist
Eco-Pulse Environmental Consulting Services
Tel: 073 121 992
Email: redwards@eco-pulse.co.za
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APPENDIX B: GCS COST ESTIMATES FOR CLOSURE AND POST-CLOSURE COSTS FOR YZERMYN
YEAR
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060

16.1159

Capex
Opex
Total cost at year of closure Total cost incl. WWTP Present value of trust fund
Mine closure
Wetland rehab and offset Wastewater treatment plant Offsets
Rehab
WWTP
R34 671 496.64
R8 430 357.81
R11 636 000.00
R42 483 121.00
R25 000.00
R15 000.00
R1 791 410.63
R20 106 357.81
R36 613 100.45
R8 902 457.85
R12 287 616.00
R44 862 175.78
R26 400.00
R15 840.00
R1 703 805.30
R21 232 313.85
R38 663 434.07
R9 400 995.49
R12 975 722.50
R47 374 457.62
R27 878.40
R16 727.04
R1 818 160.99
R22 421 323.42
R40 828 586.38
R9 927 451.23
R13 702 362.96
R50 027 427.25
R29 439.59
R17 663.75
R1 940 167.61
R23 676 917.53
R43 114 987.22
R10 483 388.50
R14 469 695.28
R52 828 963.17
R31 088.21
R18 652.92
R2 070 389.39
R25 002 824.92
R45 529 426.50
R11 070 458.26
R15 279 998.22
R55 787 385.11
R32 829.15
R19 697.49
R2 489 834.95
R26 402 983.11
R48 079 074.39
R11 690 403.92
R16 135 678.12
R58 911 478.68
R34 667.58
R20 800.55
R2 357 957.56
R27 881 550.17
R50 771 502.55
R12 345 066.54
R17 039 276.09
R62 210 521.48
R36 608.96
R21 965.38
R2 516 665.68
R29 442 916.98
R53 614 706.70
R13 036 390.27
R17 993 475.55
R65 694 310.68
R38 659.07
R23 195.44
R2 686 320.44
R31 091 720.33
R56 617 130.27
R13 766 428.12
R19 001 110.18
R69 373 192.08
R40 823.97
R24 494.38
R2 867 743.53
R32 832 856.66
R59 787 689.57
R14 537 348.10
R20 065 172.35
R73 258 090.84
R43 110.12
R25 866.07
R3 446 912.95
R34 671 496.64
R63 135 800.18
R15 351 439.59
R21 188 822.01
R77 360 543.93
R45 524.28
R27 314.57
R3 269 510.81
R36 613 100.45
R66 671 404.99
R16 211 120.21
R22 375 396.04
R81 692 734.39
R48 073.64
R28 844.19
R3 491 844.23
R38 663 434.07
R70 405 003.67
R17 118 942.94
R23 628 418.22
R86 267 527.51
R50 765.77
R30 459.46
R3 729 936.55
R40 828 586.38
R74 347 683.88
R18 077 603.74
R24 951 609.64
R91 098 509.05
R53 608.65
R32 165.19
R3 984 991.66
R43 114 987.22
R78 511 154.18
R19 089 949.55
R26 348 899.78
R96 200 025.56
R56 610.73
R33 966.44
R4 770 764.79
R45 529 426.50
R82 907 778.81
R20 158 986.73
R27 824 438.16
R101 587 226.99
R59 780.93
R35 868.56
R4 551 296.42
R48 079 074.39
R87 550 614.42
R0.00
R0.00
R107 276 111.70
R63 128.67
R37 877.20
R4 865 469.27
R101 005.87
R92 453 448.83
R0.00
R0.00
R113 283 573.96
R66 663.87
R39 998.32
R5 202 469.57
R106 662.20
R97 630 841.97
R0.00
R0.00
R119 627 454.10
R70 397.05
R42 238.23
R5 564 071.53
R112 635.28
R103 098 169.12
R0.00
R0.00
R126 326 591.53
R74 339.28
R44 603.57
R6 618 835.22
R118 942.85
R108 871 666.59
R0.00
R0.00
R133 400 880.65
R78 502.28
R47 101.37
R6 368 911.28
R125 603.65
R114 968 479.91
R0.00
R0.00
R140 871 329.97
R82 898.41
R49 739.05
R6 816 469.16
R132 637.46
R121 406 714.79
R0.00
R0.00
R148 760 124.45
R87 540.72
R52 524.43
R7 297 296.59
R140 065.16
R128 205 490.82
R0.00
R0.00
R157 090 691.42
R92 443.00
R55 465.80
R7 814 022.68
R147 908.80
R135 384 998.30
R0.00
R0.00
R165 887 770.14
R97 619.81
R58 571.89
R9 221 995.36
R156 191.70
R142 966 558.21
R0.00
R0.00
R175 177 485.27
R103 086.52
R61 851.91
R8 966 790.70
R164 938.43
R150 972 685.47
R0.00
R0.00
R184 987 424.44
R108 859.37
R65 315.62
R9 609 251.44
R174 174.99
R159 427 155.85
R0.00
R0.00
R195 346 720.21
R114 955.49
R68 973.29
R10 300 490.57
R183 928.78
R168 355 076.58
R0.00
R0.00
R206 286 136.54
R121 393.00
R72 835.80
R11 044 424.34
R194 228.80
R177 782 960.87
R0.00
R0.00
R217 838 160.19
R128 191.01
R76 914.60
R12 920 994.07
R205 105.61
R187 738 806.68
R0.00
R0.00
R230 037 097.16
R135 369.70
R81 221.82
R12 707 705.97
R216 591.52
R198 252 179.85
R0.00
R0.00
R242 919 174.60
R142 950.41
R85 770.24
R13 636 638.72
R228 720.65
R209 354 301.93
R0.00
R0.00
R256 522 648.38
R150 955.63
R90 573.38
R14 637 500.07
R241 529.00
R221 078 142.83
R0.00
R0.00
R270 887 916.69
R159 409.14
R95 645.49
R15 716 151.64
R255 054.63
R233 458 518.83
R0.00
R0.00
R286 057 640.02
R168 336.06
R101 001.63
R18 221 782.86
R269 337.69
R763 765 966.00
R0.00
R0.00
R302 076 867.86
R177 762.87
R106 657.72
R18 132 794.29
R284 420.60
R805 124 142.46
R0.00
R0.00
R318 993 172.46
R187 717.60
R112 630.56
R19 485 164.20
R300 348.15
R851 021 762.32
R0.00
R0.00
R336 856 790.12
R198 229.78
R118 937.87
R20 944 180.09
R317 167.65
R899 564 038.16
R0.00
R0.00
R355 720 770.37
R209 330.65
R125 598.39
R22 518 654.17
R334 929.04
R950 905 894.31

9 September 2019

Page 57

CER

Review

Capex
Opex
Total cost at year of closure Total cost incl. WWTP Present value of trust fund
YEAR Mine closure
Wetland rehab and offset Wastewater treatment plant Offsets
Rehab
WWTP
R34 671 496.64
2061
R0.00
R0.00
R375 641 133.51
R221 053.16
R132 631.90
R25 879 750.35
R353 685.06
R1 007 702 873.18
2062
R0.00
R0.00
R396 677 036.98
R233 432.14
R140 059.29
R26 053 059.00
R373 491.43
R1 062 655 130.98
2063
R0.00
R0.00
R418 890 951.05
R246 504.34
R147 902.61
R28 034 651.37
R394 406.95
R1 123 421 219.05
2064
R0.00
R0.00
R442 348 844.31
R260 308.58
R156 185.15
R30 175 175.50
R416 493.74
R1 187 705 574.96
2065
R0.00
R0.00
R467 120 379.59
R274 885.87
R164 931.52
R32 487 932.84
R439 817.38
R1 255 715 804.44
2066
R0.00
R0.00
R493 279 120.85
R290 279.47
R174 167.68
R37 028 326.32
R464 447.16
R530 771 894.33
R1 330 696 909.52
2067
R0.00
R0.00
R520 902 751.62
R306 535.12
R183 921.07
R37 689 194.96
R490 456.20
R559 082 402.77
R1 403 808 087.49
2068
R0.00
R0.00
R550 073 305.71
R323 701.09
R194 220.65
R40 610 457.75
R517 921.75
R591 201 685.21
R1 484 371 569.70
2069
R0.00
R0.00
R580 877 410.83
R341 828.35
R205 097.01
R43 769 700.53
R546 925.36
R625 194 036.73
R1 569 625 533.98
2070
R0.00
R0.00
R613 406 545.84
R360 970.74
R216 582.44
R47 187 073.78
R577 553.18
R661 171 172.80
R1 659 849 064.61
2071
R0.00
R0.00
R647 757 312.40
R381 185.10
R228 711.06
R53 375 798.70
R609 896.16
R701 743 007.27
R1 758 993 851.45
2072
R0.00
R0.00
R684 031 721.90
R402 531.47
R241 518.88
R54 885 740.33
R644 050.35
R739 561 512.57
R1 856 407 941.23
2073
R0.00
R0.00
R722 337 498.32
R425 073.23
R255 043.94
R59 216 742.53
R680 117.17
R782 234 358.02
R1 963 391 603.83
2074
R0.00
R0.00
R762 788 398.23
R448 877.33
R269 326.40
R63 905 647.75
R718 203.73
R827 412 249.71
R2 076 643 890.50
2075
R0.00
R0.00
R805 504 548.53
R474 014.46
R284 408.68
R68 983 081.31
R758 423.14
R875 246 052.97
R2 196 541 318.08
2076
R0.00
R0.00
R850 612 803.25
R500 559.27
R300 335.56
R77 507 153.89
R800 894.83
R928 920 851.98
R2 327 883 486.01
2077
R0.00
R0.00
R898 247 120.23
R528 590.59
R317 154.35
R80 439 705.55
R845 744.94
R979 532 570.72
R2 457 896 315.57
2078
R0.00
R0.00
R948 548 958.96
R558 191.66
R334 915.00
R86 894 558.36
R893 106.66
R1 036 336 623.99
R2 600 230 257.60
2079
R0.00
R0.00
R1 001 667 700.67
R589 450.40
R353 670.24
R93 889 810.01
R943 120.63
R1 096 500 631.31
R2 750 965 462.28
2080
R0.00
R0.00
R1 057 761 091.90
R622 459.62
R373 475.77
R101 472 140.10
R995 935.39
R1 160 229 167.39
R2 910 611 933.57
2081
R0.00
R0.00
R1 116 995 713.05
R657 317.36
R394 390.41
R113 347 819.17
R1 051 707.77
R1 231 395 239.99
R3 084 988 175.98
2082
R0.00
R0.00
R1 179 547 472.98
R694 127.13
R416 476.28
R118 605 731.13
R1 110 603.41
R1 299 263 807.52
R3 258 841 794.06
2083
R0.00
R0.00
R0.00
R732 998.25
R439 798.95
R128 272 469.97
R1 172 797.20
R129 445 267.17
R3 448 614 854.58
2084
R0.00
R0.00
R0.00
R774 046.15
R464 427.69
R138 758 085.14
R1 238 473.84
R139 996 558.98
R3 649 683 260.55
2085
R0.00
R0.00
R0.00
R817 392.73
R490 435.64
R150 133 907.62
R1 307 828.38
R151 441 736.00
R3 862 740 911.39
2086
R0.00
R0.00
R0.00
R863 166.73
R517 900.04
R166 877 260.57
R1 381 066.76
R168 258 327.33
R4 094 833 586.68
2087
R0.00
R0.00
R0.00
R911 504.06
R546 902.44
R175 873 741.51
R1 458 406.50
R177 332 148.01
R4 327 825 048.56
2088
R0.00
R0.00
R0.00
R962 548.29
R577 528.98
R190 414 419.38
R1 540 077.27
R191 954 496.65
R4 581 474 085.19
2089
R0.00
R0.00
R0.00 R1 016 451.00
R609 870.60
R206 199 937.13
R1 626 321.59
R207 826 258.72
R4 850 364 154.01
2090
R0.00
R0.00
R0.00 R1 073 372.25
R644 023.35
R223 339 539.01
R1 717 395.60
R225 056 934.61
R5 135 444 000.37
2091
R0.00
R0.00
R0.00 R1 133 481.10
R680 088.66
R247 228 527.33
R1 813 569.76
R249 042 097.08
R5 445 242 583.40
2092
R0.00
R0.00
R0.00 R1 196 956.04
R718 173.62
R262 167 605.07
R1 915 129.66
R264 082 734.74
R5 758 281 711.43
2093
R0.00
R0.00
R0.00 R1 263 985.58
R758 391.35
R284 126 911.01
R2 022 376.93
R286 149 287.94
R6 098 263 897.61
2094
R0.00
R0.00
R0.00 R1 334 768.77
R800 861.26
R307 983 992.14
R2 135 630.03
R310 119 622.18
R6 458 894 010.66
2095
R0.00
R0.00
R0.00 R1 409 515.82
R845 709.49
R333 906 483.95
R2 255 225.32
R336 161 709.27
R6 841 476 196.48
2096
R0.00
R0.00
R0.00 R1 488 448.71
R893 069.22
R368 384 431.30
R2 381 517.93
R370 765 949.24
R7 256 339 841.85
2097
R0.00
R0.00
R0.00 R1 571 801.84
R943 081.10
R392 694 740.49
R2 514 882.94
R395 209 623.42
R7 678 152 614.54
2098
R0.00
R0.00
R0.00 R1 659 822.74
R995 893.64
R425 976 479.87
R2 655 716.38
R428 632 196.25
R8 135 313 145.37
2099
R0.00
R0.00
R0.00 R1 752 772.81 R1 051 663.69
R462 158 682.79
R2 804 436.50
R464 963 119.29
R8 620 571 956.26
2100
R0.00
R0.00
R0.00 R1 850 928.09 R1 110 556.85
R501 499 022.76
R2 961 484.94
R504 460 507.70
R9 135 732 105.56
2101
R0.00
R0.00
R0.00 R1 954 580.06 R1 172 748.04
R551 796 687.05
R3 127 328.10
R554 924 015.15
R9 693 321 078.31
2102
R0.00
R0.00
R0.00 R2 064 036.55 R1 238 421.93
R590 802 844.88
R3 302 458.47
R594 105 303.35
R10 263 587 842.30
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Capex
Opex
Total cost at year of closure Total cost incl. WWTP Present value of trust fund
YEAR Mine closure
Wetland rehab and offset Wastewater treatment plant Offsets
Rehab
WWTP
R34 671 496.64
2103
R0.00
R0.00
R0.00 R2 179 622.59 R1 307 773.56
R641 406 214.53
R3 487 396.15
R644 893 610.68
R10 880 535 741.85
2104
R0.00
R0.00
R0.00 R2 301 681.46 R1 381 008.87
R696 452 297.33
R3 682 690.33
R700 134 987.66
R11 535 909 225.88
2105
R0.00
R0.00
R0.00 R2 430 575.62 R1 458 345.37
R756 337 747.20
R3 888 920.99
R760 226 668.19
R12 232 216 526.19
2106
R0.00
R0.00
R0.00 R2 566 687.85 R1 540 012.71
R830 433 639.41
R4 106 700.57
R834 540 339.98
R12 984 688 094.59
2107
R0.00
R0.00
R0.00 R2 710 422.37 R1 626 253.42
R892 395 664.76
R4 336 675.80
R896 732 340.56
R13 758 544 421.06
2108
R0.00
R0.00
R0.00 R2 862 206.03 R1 717 323.62
R969 553 806.41
R4 579 529.64
R974 133 336.05
R14 594 499 537.70
2109
R0.00
R0.00
R0.00 R3 022 489.56 R1 813 493.74
R1 053 530 094.32
R4 835 983.30
R1 058 366 077.62
R15 471 616 943.41
2110
R0.00
R0.00
R0.00 R3 191 748.98 R1 915 049.39
R1 144 935 899.35
R5 106 798.37
R1 150 042 697.72
R16 338 027 492.24

Note that the structure for this table was provided by Hugo van Zyl, environmental economist, during personal discussion, 2019.
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