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Yzermyn mining method

• Underground mine workings in deep aquifer system

• Underground drill and blast, combined with continuous

miners, in Bord and Pillar mining method

• Decline “adit” (access-way to underground coal seams) –

northern section of mine area on Yzermyn 96 HT: Portion 1

• Bord and Pillar mining method: in place ‘pillars’ of

coal/rock left as support for roof of underground mine

(Appellants’ Amplified Appeal File 2 para 10 pgs 1306-7)
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Bord and Pillar mining method 
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Figure from Atha’s EIAR (January 2015) pg 73
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Surface infrastructure - Yzermyn 96 HT: Portion 1
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Annexure C2 to Appellants’ Amplified Appeal (File 2 pg 1470): Figure from SAS 2015 assessment pg 87



Delta h’s Conceptual hydrogeological model

Delta h groundwater assessment conceptualises 3 aquifer systems

underlying mine footprint (surface and underground): 

1. localised perched aquifer systems: localised shallow-lying aquifers;

directly recharged by rainfall; formed by presence of low-

permeability layers of clay, silt or rock, which confine groundwater 

to shallow, lateral flow

2. shallow weathered Karoo aquifer system: conceptualised as varying 

in depth between 5-20m below ground level and as being 

hydraulically connected to surface drainages and directly 

recharged by rainfall

3. deep fractured Karoo aquifer system: shallow aquifer underlain by 

deep aquifer of larger areal extent and long term yield 

(Appellants’ Amplified Appeal [File 2 para 32 pg 1321], referencing 

Delta h paras 4.1 and 4.2, pgs 12 and 13, and pg 15; WSP para 4.1, pg 10)
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Delta h’s assumed continuous, un-fractured 

dolerite sill 
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Delta h: “The assigned low hydraulic conductivity of the 

dolerite sill overlying the proposed underground coal mine 

limits the vertical infiltration of water and hence the mine 

inflows.” (para 8.1.1 pg 49) (own emphasis)

Dolerite sill is part of Delta h’s conceptual and mathematical 

models:

Delta h pg 45



Delta h: Cone of Dewatering: Deep Aquifer
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Delta h pg 53

• contours of 

drawdown from 

pre-mining 

groundwater table 

in meters

• mapped springs 

indicated as red 

dots



Delta h: Cones of Dewatering

“The simulated extent of the (steady-state) zone of impact 

… of the underground workings on the deeper fractured 

aquifer extends predominantly above and around 2 km 

downstream or N of the mine … The deeper fractured 

aquifer is considered to be less sensitive to a drawdown of 

the water table and significant impacts with drawdowns 

above 20m are likely to be limited to an area immediately 

above the underground mine workings.” 

(Delta h pg 52)
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Delta h: Cone of Dewatering: Shallow Aquifer
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Delta h pg 52

• contours of 

drawdown from 

pre-mining 

groundwater table 

in meters

• mapped springs 

indicated as red 

dots



Delta h: Cones of Dewatering (cont.)

“Due to the limited hydraulic connectivity between the 

shallow weathered and deeper fractured Karoo aquifers, 

the cone of dewatering is expectedly far more pronounced 

in the actually mined, deeper fractured aquifer.” 

(Delta h pg 51; own emphasis)

Delta h says difference between drawdowns in shallow and 

deep aquifers is because of presence of dolerite sill

This is disputed by GCS
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Dolerite sill is an assumption 

Dolerite sill is an assumption - as Delta h itself 

reports 

(Layer 4 of model is semi-permeable aquitard –

Model assumes continuous un-fractured semi-

permeable dolerite sill: Delta h pgs 43 and 45)
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GCS’s conceptual hydrogeological model
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Ambient (pre-mining) groundwater levels
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Groundwater levels above the coal seam

15



Borehole data (1)

1. Hydrogeological borehole logs of WSP – attached to 

WSP’s Geohydrology Impact Assessment report (File 2 pg

1472)

• 14 boreholes

• 8 boreholes drilled to intersect coal seams (CBH1; 

CBH2D; CBH3D; CBH4D; CBH5D; CBH6; CBH7D and 

CBH8D)

• Only 2 of these deep boreholes intersected dolerite

• CBH4D intersected “dolostone” below Alfred and 

Dundas coal seams

• CBH7D intersected dolerite at depth of 12 m

(Affidavit of Andrew Johnstone: File 4 paras 25-7 pgs 2352-3)
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Borehole data (2)

2. Geological exploration borehole data

• 38 exploration boreholes

• Only 12 intersected dolerite above coal seams

• Where dolerite was intersected, this was at varying 

depths in the various boreholes

(Affidavit of Andrew Johnstone: File 4 para 30 pg 2353-4)
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18

Insert prev’s new 

version



Cross section dolerite
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Cross section dolerite
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GCS’s review findings: Delta h’s model is not 

scientifically sound

1.Delta h itself characterises its model as 

“low confidence” / a “Class 1” model - due to:

• lack of data re hydraulic conductivities of aquifers, 

especially of “faults and contact zones to dolerite dykes 

or sills” (Delta h para 7.1 pg 47; para 8.7 pg 69)

Revised GCS review: GCS hydrogeologist found that 

location, orientation and hydrogeological characteristics 

of dykes, sills and faults in mine area not sufficiently 

assessed

• no geological model (spatial representation of 

distribution of sediments and rocks in subsurface)

(Revised GCS review File 3 pg 1656)
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GCS’s review findings: Delta h’s model is not 

scientifically sound (cont.)

1.(cont.) Delta h itself characterises its model as 

“low confidence” / a “Class 1” model - due to:
• Model is steady-state only due to “absence of seasonal 

groundwater elevation (measurements cover 2013 and 2014 dry 

seasons only) and spring (discharge) data” [i.e. groundwater 

water level measurements over time] (Delta h para 1.3 pg 2)

• not transient groundwater flow model, which could capture 

seasonal variability of water levels and associated mine 

inflows

• And also due to absence of seasonal data, no model verification 

done (Delta h para 7.1 pg 47)

(Revised GCS review File 3 pgs 1656, 1657, 1658)
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GCS’s review findings: Delta h’s model is not 

scientifically sound (cont.)

• Australian groundwater modelling guidelines (Barnett et al, 

2012): low confidence / Class 1 model “has relatively low 

confidence associated with any predictions and is therefore best 

suited for managing low-value resources (i.e. few groundwater 

users with few or low-value groundwater dependent 

ecosystems) for assessing impacts of low-risk developments or 

when the modelling objectives are relatively modest” (Revised 

GCS review File 3 pg 1664 to 1665; own emphasis)

• GCS’s conclusion: “area of and surrounding the proposed mining 

activity is a moderate to high value groundwater-dependant 

ecosystem. In light of this, a Class 3 model with a high level of 

confidence is required before a decision may be taken which 

will affect the resource” (Revised GCS review File 3 pg 1665; own 

emphasis)
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GCS’s review findings: Delta h’s model is not 

scientifically sound (cont.)

2. Delta h’s sensitivity analysis on its model 
• Sensitivity analysis varying hydraulic conductivity of dolerite sill

• Findings: anticipated groundwater inflows into underground 

mine workings “highly sensitive to larger than expected 

conductivity values of the dolerite sill … Should the dolerite sill 

… be more permeable (e.g. fractured or weathered) than 

assumed, mine inflows are expected to increase substantially” 
(Delta h para 8.1.1, pgs 49-50)

• Revised GCS review: “This statement makes it clear that the 

hydrogeological characteristics of the dolerite sill are essential 

to the simulation of realistic modelling scenarios for the 

proposed mine.” (File 3 pg 1661)

24



GCS’s review findings: Delta h’s model is not 

scientifically sound (cont.)

3. No simulation of contaminant plume from mine 

workings by Delta h - Not possible to identify water 

users and water resources most likely to be affected 
(Revised GCS review File 3 pgs 1668 and 1673)
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Hydrogeological and Environmental Impacts 

over Life of Mine and Post-closure

1. Dewatering of aquifers 

2. Groundwater contamination

1. Decant point

2. Decant quality

And consequent impacts on surface water resources 

(rivers, streams, wetlands and springs), and associated 

ecology

Explained in sections to follow…

26



Hydrogeological and Environmental Impacts 

over Life of Mine and Post-closure

1.Dewatering of aquifers 

2. Groundwater contamination

1. Decant point

2. Decant quality
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“Dewatering”

• Pumping out of groundwater from underground mine 

during operational phase

• Results in decline in pre-mining groundwater levels in 

aquifers above and adjacent to underground mine 

workings

• Springs, wetlands and baseflow to streams/rivers which 

are fed by groundwater affected by drawdown in 

groundwater levels

(GCS Review: File 3 pg 1662;

Affidavit of Andrew Johnstone: File 4 para 20 pg 2350)
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Dewatering impact per GCS

Aquifer above coal seam likely to be completely 

dewatered to Dundas coal seam floor 

WHY?

• There is no continuous dolerite sill overlying the 

coal seams

• Dewatering of aquifers above coal seams will 

occur during LoM (15 years) and until 

groundwater level has rebounded to decant 

level
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Dewatering impact per GCS (cont.)

Dewatering will capture groundwater which would have 

otherwise fed springs, wetlands and baseflow to rivers/streams

• Wetlands in proposed underground mine area: “VERY HIGH” 

Ecological Importance and Sensitivity 

Reduction in baseflow to headwater rivers/streams originating in 

mine area will result in overall reduction in runoff of catchment

• Mine area falls within Mabola Protected Environment and 

Enkangala Drakensberg SWSA

• Assegaai River: National Freshwater Ecosystem Priority Area 

river

(GCS Review: File 3 pg 1662; 

Affidavit of Andrew Johnstone: File 4 para 20 pg 2350; para 22 pg 2351)
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Hydrogeological and Environmental Impacts 

over Life of Mine and Post-closure

1. Dewatering of aquifers 

2.Groundwater contamination
1. Decant point

2. Decant quality
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“Decant” 

• Process by which water which has flooded into 

underground mine void (after operations have 

ceased and pumping out has stopped) flows to 

surface through decant point/s

• Uncontrolled discharge of water, likely to be 

contaminated, from mine workings

(Affidavit of Andrew Johnstone: File 4 para 36 pg 2355)

35



Hydrogeological and Environmental Impacts 

over Life of Mine and Post-closure

1. Dewatering of aquifers 

2. Groundwater contamination

1. Decant point 
2. Decant quality 
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Delta h re decant point

“The post-closure modelling results indicate that it will 

take around 45 years for the mine voids itself to be 

completely flooded … once active dewatering is stopped. 

Thereafter, decant from the underground mine voids via 

the adit and/or unsealed exploration boreholes in the 

vicinity are likely to occur.” (Delta h pg 68; own emphasis)
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Atha re decant point

“…post mine closure: the void is in effect a “main 

channel”, that is the void will present a preferential flow 

path and thereby divert any potential pollutants to the 

monitored or controlled outflow point at the adit.

In reality the situation is a bit more complex because 

diffuse egress of water through fractures and other 

discontinuities in the rock could potentially channel 

polluted water out of the mine workings: for this reason 

the extraction of water from the mine workings will 

maintain water levels below the environmentally critical 

level so as to prevent this potential leakage” 

(Atha’s written response File 3 para 269.2- pg 2086; own emphasis)
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GCS re decant point

Anticipated area of decant post-closure: river system corresponding 

with north-western part of underground mine workings

WHY?

• Shallowest surface elevation above underground mine workings

• Surface elevation in this area is 1458-1468 metres above mean 

sea level - lower than adit (1496 metres above mean sea level)

• Floor of Alfred coal seam less than 10 metres below surface in 

this area

• After mine closure, mine void will fill up with water and 

groundwater level will rebound to decant elevation (being 

approximately 1460 metres above mean sea level), and decant 

onto surface in this area

(Affidavit of Andrew Johnstone: File 4 paras 41-2 pgs 2356-7)
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Mined-out area above decant level

Data/figure indicates:

• There are portions of underground mine that will not be 

flooded 

• Consequently: will have potential to generate poor 

quality leachate and AMD indefinitely 

(Affidavit of Andrew Johnstone: File 4 para 44 pg 2357)
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Significance of this decant point

• Anticipated area of decant corresponds with channelled valley 

bottom wetlands with Category A present ecological state 

(natural and unmodified) (SAS 2015 assessment File 2 pp. 1046 

and 1041)

• Only mitigation which could be implemented to prevent 

uncontrolled decant in this area:

• continuously pump water out of underground mine voids to 

maintain water level below decant level, and then treat this 

water in Water Treatment Plant

• Both pumping and water treatment – indefinitely

• If pumping stops, decant will occur (system continuously 

recharged by rainfall)

(Affidavit of Andrew Johnstone: File 4 paras 41 and 45 pgs 2356-7)
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Hydrogeological and Environmental Impacts 

over Life of Mine and Post-closure

1. Dewatering of aquifers 

2. Rebound of groundwater levels

3. Groundwater contamination

1. Decant point

2. Decant quality
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Decant quality – poor quality leachate and AMD

• Decant will contain poor quality leachate, high in dissolved solids 

(minerals) especially sulphate, sodium and chloride

• Data from range of underground coal mines in Kwa-Zulu Natal coalfield 

• within 150km of proposed Yzermyn mine

• have mined the Alfred and Dundas coal seams (same coal seams that 

Atha will mine)  

Decant water qualities:

• pH 4,5 - 7,7

• Total dissolved solids 1382 - 6402 mg/l

• Sulphate 932 - 2037 mg/l

• Iron 0,25 - 450 mg/l

• Manganese 0,2 - 8,9 mg/l

(Revised GCS Review File 3 pg 1671;

Affidavit of Andrew Johnstone: File 4 paras 37-9 and 45 pg 2355)
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Decant quality – poor quality leachate and AMD 

(cont.)

• Sulphides found in coal bearing strata - formation of Acid Mine 

Drainage (AMD)

• Sulphide minerals (especially pyrite or ‘fool’s gold’) come 

into contact with water and oxygen

• Oxidise via several chemical reaction pathways to form 

sulphuric acid and iron

• This in turn leaches metals from lithologies (rock formations) 

it comes into contact with

• Process leads to –

• elevated concentrations of metals and salts (mostly 

sulphates)

• decline in pH value (acidification)

(Affidavit of Andrew Johnstone: File 4 paras 37-9 and 45 pg 2355)
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Delta h on acid-generating potential of coal
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Delta h pg 27

Figure 

shows that 

Yzermyn 

coal 

samples 

have long-

term acid-

generating 

potential 



AMD photos – similar coal field
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Discharge water quality limits per WUL
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Decant water 

quality will 

not comply 

with water 

quality limits 

specified in 

water use 

licence

(Table 2 on pg 35 of 

WUL in File 2 pg 1399)
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Mined-out area above decant level

Data/figure indicates:

• There are portions of underground mine that will not be 

flooded 

• Consequently: will have potential to generate poor 

quality leachate and AMD indefinitely 

(Affidavit of Andrew Johnstone: File 4 para 44 pg 2357)
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Atha’s Proposed Mitigation Measures 
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1.Dewatering of aquifers 

2. Groundwater contamination - decant

Explained in sections to follow…



Atha’s Mitigation Measures - Dewatering

Atha’s “Table 5-7: Identified risks and mitigation 

measures associated with each water use” submitted as 

part of its WULA
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Impacts Mitigation measures

“Cone of groundwater draw down 

could affect wetlands”

“Formation of groundwater cone of 

dewatering, leading to reduced 

recharge of wetland resources”

“Grout excessive inflows”

“Cover drilling to detect potential 

zones of high inflow”

“Pre-grout zones of potential 

excessive inflow”



GCS review re Grouting and Pre-grouting

1. Grouting not assessed/simulated by Delta h –

therefore not known whether it will reduce

dewatering impacts

2. Grouting very seldom used in coal mines due to 

safety risks from uncontrolled water inrushes: 

• Grouting can lead to build-up of pore pressures + 

consequent underground rock stability issues and result 

in sudden water inrushes

• Grouting leads to build up of groundwater heads and 

associated safety risks

(Revised GCS review File 3 pg 1696)
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GCS review re Grouting and Pre-grouting (cont.)

BUT (cont.) -

3. Grouting is large operational expense – usually 

too expensive to effectively grout

(Revised GCS review File 3 1696)
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GCS review re Cover Drilling

Cover drilling is progressive forward drilling into rock 

face (being mined) to detect potential zones of high 

inflow 

• predictive measure, not a mitigation measure: if 

potential zones of high inflow detected, some other 

measure must be implemented to attempt to 

mitigate (e.g. grouting)

(Revised GCS review File 3 pg 1696)
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Atha’s Proposed Mitigation Measures 

62

1. Dewatering of aquifers 

2.Groundwater contamination -

decant



Atha’s Mitigation Measures – Groundwater 

contamination 

Atha’s “Table 5-7: Identified risks and mitigation 

measures associated with each water use” submitted as 

part of its WULA
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Impacts Mitigation measures

“Cone of groundwater draw down 

recovers”

“Treat and release decant water 

from underground workings”



Water Treatment Plant per Atha

Atha’s IWWMP: “It is anticipated that water containing 

contaminants will be generated; therefore, a water 

treatment plant will be required for the mine. The water 

treatment plant may be contracted to a third party and 

constructed with capacity to treat excess water to 

discharge quality. It is anticipated that the water 

treatment plant will also be required to be operational 

following mine closure in order to treat decant from the 

mine. It is proposed that a modular water treatment plant 

be installed during the operational phase to meet the 

requirements of the mine. …” (IWWMP pg 20; own emphasis)
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Release of Water per Atha (cont.)

Atha’s EIAR: “It is recommended that the treated decant 

emanating from the treatment plant must be discharged 

to the adjacent hillslope seepage wetlands making use of 

a spigot which then drains into a sand filter along the 

edge of the hillslope seepage wetland ... This mitigation 

method will impact on wetlands (positively and 

negatively).” (EIAR pg viii; own emphasis)
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GCS review re Water Treatment Plant -

Operational phase

1. No design drawings 

2. No information pertaining to cost 

3. No financial provision made by Atha

4. Impact of discharge of treated water into 

wetlands not known 

(Revised GCS review File 3 pgs 1653, 1666, 1667, 1674)
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GCS review re Water Treatment Plant -

Operational phase (cont.)

(cont.)

5. Volume of water to be treated not known 

(impossible to determine) because of low-

confidence model (Delta h) 
• 8 900m3/a authorised, but not accurate - large inflow range 

reported by Delta h (218 to 3 010 m3/d)

(Revised GCS review File 3 pgs 1660 and 1686)
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GCS review re Water Treatment Plant –

Post-closure

1. Post-closure water treatment plant not 

authorised 

2. No design drawings 

3. No information pertaining to likely cost 

4. No financial provision made by Atha

5. Impact of discharge of treated water into 

wetlands not known

6. Volume of water to be treated not known

(Revised GCS review File 3 pgs 1653, 1666, 1667, 1674)
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Additional required mitigation measure – not 

anticipated by Atha

To reiterate:

• Because decant point is river system corresponding with 

north-western part of underground mine workings and 

not adit: Atha will need to continuously pump water out 

of underground mine voids to maintain water level 

below decant level (in river system) - and then treat this 

water in Water Treatment Plant

• Both pumping and water treatment – indefinitely

• If pumping stops, decant will occur in river system 

(groundwater system continuously recharged by rainfall)

(Affidavit of Andrew Johnstone: File 4 para 45 pg 2357)
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Conclusions

1. Confidence level of information given not sufficient to grant 

WUL

2. Aquifer above coal seam likely to be completely dewatered to 

Dundas coal seam floor. Dewatering will capture groundwater

which would have otherwise fed springs, wetlands and baseflow

to rivers/streams.

3. Atha will have to continuously pump water out of underground 

mine voids to maintain water level below decant level, and then 

treat this water in Water Treatment Plant – both in perpetuity. 

If pumping stops, decant of contaminated water will occur.
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END OF SECTION

NEXT: 

Advocate Aymone Du Toit


