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EXECUTIVE SUMMARY
Introduction and terms of reference
Cabanga Concepts, in conjunction with Future Flow, was contracted by Thutha Amalahle
Transport and Construction (Pty) Ltd to conduct a geohydrological investigation for the Dama
Colliery, located near Utrecht, in KwaZulu Natal. Mining of coal will be conducted over various
portions of the farms Leeuwfontein 94 HT (portions 1, 2, 8 and 9) and Welgevonden 93 HT (portion
1). The colliery recently started opencast mining, however this has been largely completed and
only underground mining will be conducted on site in future.
The overall planned life of mine (LoM) is approximately 20 years, with an additional 3-5 years postclosure monitoring.
Coal will be conveyed from the underground sections once underground mining commences to
temporary ROM stockpiles at the adits (2 consecutive adits are planned). Product will be trucked
from the underground mine adits to the crusher and screening plant. No processing is currently
planned for the site and any coal requiring processing will be trucked to the wash plant at
Chelmsford Colliery, operated by Future Coal.
The aim of the groundwater study is to characterise the current groundwater environment, and
identify and quantify the expected impacts on the surrounding aquifers (groundwater volumes and
quality) from the current opencast areas and the proposed underground mining activities.
General site description
The Dama Colliery opencast workings are located on a hilltop. Topography is gently undulating in
the plain with elevations ranging between 1 200 to 1 250 meters above mean sea level (mamsl).
Elevations sharply rise in the north and east of the mining areas due to the plateau of Balelesberg
Mountains. The elevations on the plateau are relatively flat. The elevations then steeply increase
from 1 600 to 1 900 mamsl due to the shear face of the Balelesberg Mountains. Elevations on the
Balelesberg Mountains range from 1 850 to 2 070 mamsl.
The topography dips towards the numerous streams that drain the catchment area, with
predominant drainage in a southerly direction.
The mine is situated in the quaternary catchment V32B within the Buffalo Catchment of the
Thukela Water Management Area (WMA 7). The Wasbankspruit, flows between the two main
mining areas from north to south into the Buffalo River. Several pans are located to the south-west
of the mining area. The nearest pan is located 4.5 km from the current opencast workings.
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Hydrogeology of the study area
Aquifer description
Two aquifers occur in the area. These two aquifers are associated with a) the upper weathered
material, and b) the underlying competent and fractured rock material.
Upper weathered material aquifer
It is considered that effectively between 1 and 3 % of the mean annual rainfall eventually reaches
the groundwater table in the form of recharge to the aquifers (Grobbelaar, Usher, Cruywagen, de
Necker, & Hodgson, 2004). No aquifer tests were done that specifically targeted this aquifer,
however, previous experience in similar environments show that typical transmissivity values for
this aquifer range between 0.5 and 2 m2/day.
The excellent quality of this water can be attributed to the many years of dynamic groundwater flow
through the weathered sediments and recharge from rainfall. Leachable salts in this zone have
been washed from the system and it is only the slow decomposition of clay particles, which
presently releases some salt into the water (Grobbelaar, Usher, Cruywagen, de Necker, &
Hodgson, 2004).
Based on the combined effect of the relatively shallow nature of the weathered zone, where a
number of areas had the competent rock outcropping on site, and the dependence on recharge
from rainfall, it can be said that this aquifer is expected to show significant seasonal fluctuations.
Portions of the aquifer are expected to become dry in the dry season (or indeed between rainfall
events during the rainy season), as can be seen from the hydrocensus data.
Lower fractured rock aquifer
The competent rock is subjected to fracturing associated with tectonic movements that took place
during intrusion of dolerite dykes and sills into the older Karoo aged sandstone and shale.
Groundwater flows in the lower aquifer are associated with the secondary fracturing in the
competent rock and as such will be along discrete pathways associated with the fractures. Faults
and fractures in the sandstone and shale can be a significant source of groundwater depending on
whether or not the fractures have been filled with secondary mineralisation. The coal seams
themselves can further be sources of groundwater, as these deposits are also subjected to
fracturing.
Aquifer testing was previously conducted by VBA Groundwater Consulting cc on four monitoring
boreholes. The transmissivities of the aquifer varied between 2.93m2/day and 1.13m2/day. These
values are typical of the general geology.
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Depth to groundwater level
Sixteen hydrocensus points were identified as being sources of water supply (boreholes, wind
pump, and springs) for largely livestock watering and domestic water supply for farmers and farm
workers.
Based on the slight hydraulic disconnect between the upper weathered and underlying fractured
rock aquifers, it can be said that the depth to groundwater level in the upper weathered material
aquifer ranges between 0.9 and 10.1 mbgl, with an average of 5 mbgl. The underlying fractured
rock aquifer shows depth to groundwater level measurements ranging between 14.8 and 24 mbgl,
with an average of 18.3 mbgl.
Groundwater flow is generally expected to mimic topography in the study area. Groundwater is
expected to flow in a southerly, easterly and westerly direction toward the Wasbankspruit and other
non-perennial streams in the area.
Aquifer transmissivity
Aquifer tests were previously conducted by VBA Groundwater Consulting cc on four monitoring
boreholes. The results from the aquifer tests show transmissivities range between 1.13 and 2.93
m2/day. These values are typical of the general geology. No additional aquifer testing was conduct
as part of this current study.
Aquifer classification
The general regional aquifer is classified using the Parsons Classification System as a minor
aquifer, but of high importance to the local landowners as it is their only source of water.
Groundwater use
Groundwater use volumes range between 125 and 24 600 L/day at a specific groundwater
abstraction point. Based on the information collected during the hydrocensus it is calculated that
around 72.77 m3 of water is used daily for domestic and stock watering purposes in the study area.
The quaternary sub-catchment within which the hydrocensus boreholes fall (V32B), measures
approximately 556.9 km2. Applying an average rainfall of 801 mm/annum as obtained from the
climatic data and an average recharge from rainfall of 3 %, it is calculated that the average annual
recharge to the sub-catchments from rainfall is 13.38 Mm3 per annum (an average of 37173
m3/day). It can thus be calculated that less than 1 % of the recharged water is abstracted for
private and stock watering use.
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Groundwater quality
Element Concentrations
Eleven groundwater samples were collected during the hydrocensus investigation. The water
quality results were compared to the SANS 241, 2011: Drinking Water (Human) Standards.
For borehole DBH 15 the sodium concentration is 264 mg/l compared to the SANS 241:2011
Standard of 200 mg/l. According to the South African Water Quality Guidelines (1996) for domestic
consumption, if water is consumed with a sodium concentration between 200 and 400 mg/l one
can expect a slightly salty taste. In addition the consumption of this water is undesirable for
persons on a sodium restricted diet.
The remaining spring and borehole samples are complaint with the SANS 241:2011 Drinking
Water Standards.
Groundwater character
The Piper diagram shows that the groundwater samples are diverse and represent four different
water types:
Hydrocensus points DSP 1, DSP 5, DSP 6, DBH 1 and DBH12 have a Calcium-Magnesium
bicarbonate water type. These waters are representative of young (recently recharged)
groundwater relative to most other types. This water type can typically be seen as being unpolluted
by mining.
Borehole DBH 26 has a Sodium Bicarbonate water type. This water type represents deeper and
older groundwater; as depth to the aquifer increases, calcium and magnesium ions give way to
sodium ions, and sulphate is at least partially replaced by bicarbonate ions. This water type is also
associated with relatively high fluoride and due to the above reaction, relatively low calcium and
magnesium concentrations. Fluoride in groundwater derives mainly from dissolution of natural
minerals in the rocks and soils with which water interacts. The most common fluorine-bearing
minerals are fluorite, apatite and micas.
Hydrocensus points DSP 8, DSP 9 and DBH 15 have a Sodium-chloride water type. This can be
as a result of natural and/or anthropogenic factors. When analysing the water quality of these
samples it is more likely that the source of sodium is as a result of natural factors such as the buildup of salts in the water as a result of chemical weathering of minerals and/or the intersection of
marine deposits during drilling.
Hydrocensus points DSP 3 and DBH 26 have a mixed water type and as a result there is no
cation/anion exceeding 50%. This water type is representative of water that undergoes varying
degrees of mixing and ion exchange
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Surface water quality
Element Concentrations
Upstream and downstream water quality samples were collected from the various non-perennial
streams which are located near the mining area.
Sample Decant is a sample taken in a non-perennial stream that is impacted on by decant from a
historical mining area. The EC, TDS, sodium and sulphate concentrations exceed the SANS
241:2011 Drinking water standards.
The remaining surface water samples are complaint with the SANS 241:2011 Drinking Water
Standards. It can be concluded that the upstream and downstream water samples are of similar
quality and hence there is currently no significant impact on the surrounding river systems that
cause the surface water to exceed the SANS241:2011 guidelines as a result of the Dama Colliery
operations.

Surface water character
The Piper diagram shows that the surface water samples are diverse and represent three different
water types:
Surface water samples Upstream Stream, Upstream West, Upstream East, Downstream West and
Downstream East have a Calcium-Magnesium bicarbonate water type. This water type can
typically be seen as being unpolluted by mining.
Surface water sample Decant has a Sodium-Chloride water type. This can be as a result of natural
and/or anthropogenic factors. When analysing the water quality of this sample it is likely that the
source of sodium is as a result of historical mining.
Pit sample Dama Pit has a mixed water type and as a result there is no cation/anion exceeding
50%. This water type is representative of water that undergoes varying degrees of mixing and ion
exchange.
It can further be noted that based on the plot positions on the Piper diagrams, there is a similarity
between the groundwater and surfaces water types, which can indicate a chemical connection
between the surface water and groundwater.
ABA and leach testing
A total of five rock samples were collected from the Dama opencast mine. From the ABA results it
is concluded that it is likely that AMD conditions will form from the coal seam and associated
overburden material (carbonaceous shale). The high Sulphide – S percentages indicates that the
acid conditions will be sustained in the long term.
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Leach test results show that pH, manganese and sulphate concentrations are expected to exceed
the SANS 241:2011 Drinking Water Standards in the post mining environment.
Leach testing results show that the sulphate concentration expected at post mining ranges
between <5 to 627 mg/l.
Environmental impact assessment
Construction phase
Dama Colliery is an existing coal mine. Thutha Amalahle Transport and Construction (Pty) Ltd Coal
is intending to implement a secondary mining phase which includes the proposed opencast and
underground mining areas. Therefore there is no construction phase for this particular study.
Operational phase
Changes in groundwater levels and flow patterns and the zone of influence
The weathered material aquifer shows a maximum drawdown of only 9 m at the end of the
operational phase. This is due to the opencast mined-out area being rehabilitated after five years
which will have a mitigating impact on the groundwater level drawdown due to the artificially
increased recharge percentages compared to un-mined areas. This increased recharge will cause
a relatively rapid rise in groundwater level once a mining area is rehabilitated.
The maximum drawdown in the groundwater piesometric level from pre-mining levels is calculated
at between 350 and 370 m in the fractured aquifer. The drawdown will extend away from the
underground mine area to a radius of 2 km in the lower fractured rock aquifer. This drawdown in
groundwater level is due to the fact that the underground mine development (which has a very low
floor gradient) is into the side of the Balelesberg Mountains. Due to the steep topographical
gradient and rise in topographical elevation from 1 600 to more than 2 000 mamsl cause a
significant drawdown in the groundwater level under the assumption that the active zone of the
fractured rock aquifer extend down the depth of the underground mining operations.
The drawdown in groundwater level around the mining area is expected to have an impact on the
flow volumes in the Wasbankspruit due to the groundwater drawdown cone impacting all the nonperennial streams that contribute to the Wasbankspruit. This will reduce the baseflow contribution
to these streams during the wet season when raised groundwater levels in the weathered material
aquifer cause baseflow contribution to the streams.
Three of the monitoring boreholes owned by Thutha Amalahle Transport and Construction (Pty)
Ltd Coal will be impacted by the drawdown in groundwater level in the area. The maximum
drawdowns in groundwater level in each of the boreholes and at the springs during the life of
operations are calculated at:
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DBH11: 30.8 m (year 6);
DBH12: 5.7 m (year 4);
DBH13: 6.3 m (year 2);
DSP6: 32.7 m (year 6);
DSP7: 27.3 m (year 8); and
DSP3: 19.5 m (year 20).

The drawdown in groundwater level of between 20 and 30 m at springs DSP7 and DSP3 could
cause the springs to dry up. Flows might be temporarily restored during the rainy season.
Groundwater inflows
The mine inflow volumes are expected to range on average between 545 and 1 265 m3/day during
the course of the life of mine. From year 1 onwards the inflow volumes generally show an
increasing trend up to year 10 as the extent of the underground mine increase. The mine inflows
are expected to decrease during the later years of the life of mine due to the surrounding aquifers
being dewatered.
Year 20 shows an increase in the expected mine inflow volumes due to the steep topographical
gradient towards the north compared to the relatively flat slope of the mine floor that will cause a
higher hydraulic gradient between the regional groundwater level and the mine floor elevation. This
increase is dependent on the assumption that the active zone of the fractured rock aquifer extend
down to the level of the mining activities.
Groundwater contamination
The opencast mine will operate for a period of five years after which it will be rehabilitated. This will
allow the groundwater level elevations in the area to recover during the remaining 15 years of the
operational phase of the underground mine. At the end of the 20 year life of operations the
contaminant plume originating from the rehabilitated opencast area will have migrated through the
weathered material aquifer to a maximum of 1 670 m down gradient from the Leeuwfontein
opencast mining area. The maximum sulphate concentrations in each of the boreholes and springs
are calculated at:





DBH12: 630 mg/L;
DBH13: 582 mg/L;
DBH7: 135 mg/L; and
DSP8: 176 mg/L.

The water quality in the Wasbankspruit and streams that fall within the sulphate contaminant
plume’s zone of influence will be impacted by baseflow contribution from groundwater that has
elevated salt concentrations of up to 630 mg/L sulphate.
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During mining operations the groundwater flow gradients will be directed towards the underground
mine due to the mine dewatering that will take place. Therefore, little contamination is expected to
migrate away from the underground mining area in the fractured rock aquifer.
Long term post-closure phase
Recovery of groundwater levels and decant potential
The proposed underground mine is located within a mountain. The adit is located at the base of the
mountain and mine floor elevations generally rise from the adit area towards the northeast. Thus,
the mine floor elevations of the proposed underground mine will be above that of the adit. Due to
this, decant from the underground mining area via the adit area will start almost immediately after
closure once the mine dewatering stops and the groundwater level starts to rise unless the adit can
be successfully sealed to prevent decant.
Although adits can be sealed using adit plugs (bulkheads), these are known to fail. A mine plan
decision to access the ore zone via a decline from a topographic high instead of an adit at the base
of a hill should be considered (Earth Systems, 2014).
An elevated decline allows the workings to be flooded actively, or passively, during closure
allowing the workings to be fully inundated, minimising the oxidation of acid forming minerals.
Flooding of the underground mine areas would also reduce the management and treatment of
potentially polluted decant.
Dewatering the mine via an adit provides a drainage route; therefore, it is clear that oxygen will be
abundantly available in the underground mining areas. This will allow oxidation of the exposed
lithology which contains sulphides. Based on the results from the ABA and leach testing the
exposed coal seams and overburden material (carbonaceous shale) is expected to form acid mine
drainage conditions in the long term. From this it is concluded that groundwater decanting via the
adit will display some AMD type character. This will include aspects such as low pH, high sulphate
concentrations of up to 630 mg/L and manganese concentrations of up to 0.98mg/L.
Groundwater contamination
As discussed above, it is expected that due to the adit being at the lowest elevation of the mine
floor decant from the underground mine will occur from the end of life of mine with no build-up of
groundwater in the underground mine. Therefore, it is not expected that there will be any
contaminant plume developing from the underground mine area.
The recovering groundwater level in the rehabilitated opencast area will enable leachate with
elevated sulphate and manganese concentrations to migrate away from the opencast area.
Modelling simulations show that the plume migration is expected to follow topography. The mining
area is located on a hilltop and the contaminated leachate is expected to follow the predominant
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drainage in a southerly direction, with local drainage of the site almost exclusively along the
Wasbankspruit.
As the mining area is close to the Wasbankspruit and the eastern unnamed perennial river, the
weathered material aquifer can be expected to contribute poor quality leachate through baseflow
contribution during the rainy season.
The sulphate load contribution to the Wasbankspruit 100 years after closure has been calculated to
average 3 293 g/day (3.3 kg/day) due to the contaminant plume migrating over a larger area of the
Wasbankspruit over time. The sulphate load contribution to the perennial river 100 years post
closure has been calculated to average 392 g/day (0.392 kg /day).
Recommendations:
Groundwater monitoring plan
It is recommended that a groundwater level and quality monitoring program be implemented. Site
specific groundwater monitoring boreholes installed around the proposed mine areas should be
used to monitor changes in groundwater and quality due to the proposed development.
Chemical elements that should be analysed for are included in Table 5.3. In summary, it includes:
 General chemistry such as pH, TDS and EC;
 Major elements such as calcium, magnesium, sodium, potassium, sulphate, nitrate;
 An ICP scan of minor elements including aluminium, manganese, cadmium, mercury,
chromium, vanadium and zinc.
During the initial 12 month period it is recommended that the monitoring program be implemented
on a monthly basis in order to obtain a background indication of seasonal changes in the area.
Once the initial 12 month period is completed the time increments can be increased to quarterly
sampling runs, depending on the outcome of the first 12 months of monitoring.
In addition monitoring of boreholes around the exiting mining areas should be continued.
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Page 1

1. Introduction and terms of reference
Cabanga Concepts, in conjunction with Future Flow, was contracted by Thutha Amalahle
Transport and Construction (Pty) Ltd to conduct a geohydrological investigation for the Dama
Colliery, located near Utrecht, in KwaZulu Natal. Mining of coal will be conducted over various
portions of the farms Leeuwfontein 94 HT (portions 1, 2, 8 and 9) and Welgevonden 93 HT (portion
1). The colliery recently started opencast mining, however this has been largely completed and
only underground mining will be conducted on site in future.
The overall planned life of mine (LoM) is approximately 20 years, with an additional 3-5 years postclosure monitoring.
Opencast mining is largely completed and only the final rehabilitation is outstanding. Coal will be
conveyed from the underground sections once underground mining commences to temporary
ROM stockpiles at the adits (2 consecutive adits are planned). Product will be trucked from the
underground mine Adits to the crusher and screening plant. No processing is currently planned for
the site and any coal requiring processing will be trucked to the wash plant at Chelmsford Colliery,
operated by Future Coal.
A desktop study was initially conducted where various cartographical sources were studied. Site
visits were conducted on the 3rd of September 2014. This was followed by a hydrocensus
investigation, where surrounding boreholes and springs were identified within a 2 km+ radius of the
mining area. Lastly, groundwater modelling simulations were developed and used to compile the
environmental impact assessment.
The aim of the groundwater study is to characterise the current groundwater environment, and
identify and quantify the expected impacts on the surrounding aquifers (groundwater volumes and
quality) from the current opencast areas and the proposed underground mining activities.

2. Scope of work
The scope of work included the following:
 Desktop study of existing literature:
o Review all existing literature and maps.
 Characterisation of the baseline groundwater environment:
o Conduct hydrocensus of existing boreholes, and collect data including groundwater
use, type and volume;
o Laboratory testing of hydro-chemical and geochemical samples.
 Environmental impact assessment using 3D numerical flow and contaminant transport
modelling to calculate:
o Groundwater inflow volumes into the mine pit area during the life of mine, and the
associated groundwater level drawdown and zone of influence;
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Contaminant transport away from point and diffuse sources within the opencast and
underground mining areas and the impacts on surrounding aquifers and users.
Reporting:
o Using the above components, a final groundwater report (this document) is
compiled.

3. General site description
3.1 Site locality
Dama Colliery is situated between the towns of Utrecht, 13.5km south-east of the mine, and
Newcastle, 32.5km south-west of the mine, in KwaZulu Natal, South Africa. Mining is to take place
on various portions of the farms Leeuwfontein 94 HT (portions 1, 2, 8 and 9) and Welgevonden 93
HT (portion 1).
The tarred Newcastle-Utrecht road (R34), running south of the property, provides access to the site
via the D88.
The proposed mine area was characterised by grasslands used for grazing. Surrounding land uses
also include scattered agricultural areas. Three defunct mines occur in the area, the closest being
Aasvoelkrans approximately 3.2km south east of Dama Colliery. Klipspruit and Umgala Mines are
further away. There is also severe salt loading from an area assumed to be a defunct mine
approximately 5.5 km south east for Dama Colliery which will also impact on the Boshoffs Vlei
area. The operational Uitkomst Colliery is located approximately 2.5 km south west of the Dama
Colliery.
Maps relevant to the study area include:
 1:50 000 scale topographical maps (2730 CA);
 1:250 000 scale geological map (2730 Vryheid);
 Satellite image of the area (Google Earth);
 Other published data on the study area
A general layout map is shown in Figure 3.1.
3.2 Climate and rainfall
The site falls within the Central KwaZulu Natal climate region, with an average annual rainfall of
801 mm (1994 – 2005) and a mean annual evaporation of approximately 1 670 mm (1957-1987).
The rain occurs almost exclusively as showers (mild to heavy) and thunderstorms, mainly in
summer (October to March). Maximum rainfall occurs in December to February. The winter months
are dry and heavy rainfall (100 mm plus) in a single 24-hour period is rare, but does occur. Mean
annual evaporation is 1 670 mm, which is more than double the mean annual rainfall. Table 3.1
summarises the climatic data for the area
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Table 3.1: Mean monthly temperature, rainfall and precipitation
Month

Mean Max Temp
(ºC)

Mean Min Temp
(ºC)

Mean Rainfall
(mm)

Mean Evaporation
(mm)

January

29.1

16.3

145

186

February

27.9

15.5

126

151

March

27.4

14

78

144

April

24.8

10.3

41

111

May

22.6

6.2

14

90

June

20

2.2

8

67

July

20.7

2.8

6

81

August

23

5.8

25

125

September

25.3

9.8

40

160

October

26.2

12

82

179

November

27.4

13.8

108

177

December

29

15.4

128

199

Annual Value

25.3

10.3

801

1 670

The mean daily maximum temperature in January and July is 29°C and 21°C respectively. The
range in mean daily minimum is from 2.2 to 16°C in June and January respectively.
3.3 Topography
The Dama Colliery opencast workings are located on a hilltop, as can be seen in Figure 3.1.
Topography is gently undulating in the plain with elevations ranging between 1200 to 1250 meters
above mean sea level (mamsl). Elevations sharply rise in the north and east of the mining areas
due to the plateau of Balelesberg Mountains. The elevations on the plateau are relatively flat. The
elevations then steeply increase from 1600 to 1900 mamsl due to the shear face of the
Balelesberg Mountains. Elevations on the Balelesberg Mountains range from 1850 to 2070 meters
above mean sea level (mamsl).
The topography dips towards the numerous streams that drain the catchment area, with
predominant drainage in a southerly direction.
3.4 Surface water bodies
The mine is situated in the quaternary catchment V32B within the Buffalo Catchment of the
Thukela Water Management Area (WMA 7). The Wasbankspruit, flows between the two main
mining areas from north to south into the Buffalo River. Several pans are located to the south-west
of the mining area. The nearest pan is located 4.5 km from the current opencast workings.
The Dorpspruit, north of the mineral boundary and within a separate quaternary catchment (V31A)
flows south east towards Utrecht before veering west to confluence with the Wasbankspruit prior to
its confluence with the Buffalo River. The Kweekspruit flows further west (approximately 3.6km) of
the property, also flowing north to south into the Buffalo River.
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Figure 3.1: General site layout
.
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4. Geology of the study area
4.1 Regional geology
Geological information was obtained from the Competent Persons Report compiled by GeoCoal
Services in January 2013. The Dama area falls into the Utrecht sub-basin where the stratigraphy is
typical of the KwaZulu Natal coal fields where the seams found include the: Eland, Fritz, Alfred,
Rider, Gus, Dundas and Coking in descending order.
The proposed mine area is located on the Vryheid Formation. The Vryheid Formation consists
mainly of shale, sandstone and coal beds. The plateaus to the north and east of the mining areas
consist of the Volksrust Formation, which consists of shale and siltstone.
The Karoo geology has been extensively intruded by Jurassic era dolerite in the form of dykes and
sills. From Figure 4.1 (1:250 000 Geological Map, 2730 Vryheid) large dolerite intrusions are
observed in the northern portions of the mining areas.
4.2 Site specific geology
The seams of economic importance in the Dama Colliery area are the Alfred, Rider and Gus. The
Alfred seam is well developed in the Utrecht area but decreases in width and quality towards the
south. In the Dama opencast area this seam is thin and occurs immediately above the Gus seam
and has a very thin and variable parting. The parting between the Alfred and the Gus increases to
the north. The width of the Alfred seam also increases to the north. The Gus Seam is the main
target seam in the area and is well developed and consists of a good quality but thin bituminous
coal.
Several dolerite dykes intrude the mining areas. Over the Welgevonden mining area the dykes
have a north-east to south-west orientation, whilst the dykes on the Leeuwfontein farm portions
have a north-west to south-east orientation.
There is a large fault system that is located approximately 300 m north of the proposed
Welgevonden mining area.
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Figure 4.1: Geology of the study area
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5. Hydrogeology of the study area
The hydrogeology of the study area is described at the hand of data collected during the desk
study and the field investigation.
The field investigation included a hydrocensus of the study area and hydrochemical as well as
geochemical sampling and analyses.
5.1 Aquifer description
Two aquifers occur in the area. These two aquifers are associated with a) the upper weathered
material, and b) the underlying competent and fractured rock material.
5.1.1 Upper weathered material aquifer
The upper aquifer forms due to the vertical infiltration of recharging rainfall through the weathered
material being retarded by the lower permeability of the underlying competent rock material.
Groundwater collecting above the weathered / unweathered material contact migrates down
gradient along the contact to lower lying areas. In places where the contact is near surface,
groundwater can daylight on surface as seepage into the surface streams, such as the
Wasbankspruit.
It is considered that effectively between 1 and 3 % of the mean annual rainfall eventually reaches
the groundwater table in the form of recharge to the aquifers (Grobbelaar, Usher, Cruywagen, de
Necker, & Hodgson, 2004). No aquifer tests were done that specifically targeted this aquifer,
however, previous experience in similar environments show that typical transmissivity values for
this aquifer range between 0.5 and 2 m2/day.
The excellent quality of this water can be attributed to the many years of dynamic groundwater flow
through the weathered sediments. Leachable salts in this zone have been washed from the system
and it is only the slow decomposition of clay particles, which presently releases some salt into the
water (Grobbelaar, Usher, Cruywagen, de Necker, & Hodgson, 2004).
Based on the combined effect of the relatively shallow nature of the weathered zone, where a
number of areas had the competent rock outcropping on site, and the dependence on recharge
from rainfall, it can be said that this aquifer is expected to show significant seasonal fluctuations.
Portions of the aquifer are expected to become dry in the dry season (or indeed between rainfall
events during the rainy season), as can be seen from the hydrocensus data.
5.1.2 Lower fractured rock aquifer
Although the lower permeability of the unweathered rock material will retard vertical infiltration of
groundwater, a percentage of the water in the upper aquifer will recharge the lower aquifer. Direct
recharge from rainfall can occur where the fractured, competent rock outcrops.
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The competent rock is subjected to fracturing associated with tectonic movements that took place
during intrusion of dolerite dykes and sills into the older Karoo aged sandstone and shale.
Groundwater flows in the lower aquifer are associated with the secondary fracturing in the
competent rock and as such will be along discrete pathways associated with the fractures. Faults
and fractures in the sandstone and shale can be a significant source of groundwater depending on
whether or not the fractures have been filled with secondary mineralisation. The coal seams
themselves can further be sources of groundwater, as these deposits are also subjected to
fracturing.
Aquifer testing was previously conducted by VBA Groundwater Consulting cc on four monitoring
boreholes. The transmissivities of the aquifer varied between 2.93m2/day and 1.13m2/day. These
values are typical of the general geology.
5.2 Depth to groundwater level and flow patterns
The hydrocensus was completed in a 2 km+ radius around the mining area. A total of 38
groundwater points were visited, including boreholes, wind pumps and springs as seen in Figure
5.3 and summarised in Table 5.1. The depth and water level at a number of points could not be
measured due to the boreholes and wind pumps being either inaccessible or being utilised.
Sixteen hydrocensus points were identified during the hydrocensus as being sources of water
supply (boreholes, wind pumps, and springs) for largely livestock watering and domestic water
supply for farmers and farm workers.
The depth to groundwater level in general ranges between 0.9 and 66 m below surface. The
average groundwater level for the study site is 11.7 mbgl.
Plotting the groundwater level elevation against topography normally indicates areas where
external influences such as large scale mine dewatering influences the groundwater levels. From
Figure 5.1, it can be seen that there is a slight distinction between groundwater levels in the upper
weathered material aquifer (shown in maroon), and the underlying fractured rock aquifer (shown in
blue). This indicates a limited hydraulic connection between the two aquifers. Plotting the
groundwater level elevation against topographical elevation for both aquifers yields a 99.9 %
correlation. From this it is concluded that the groundwater levels for both aquifers generally mimic
topography.
Borehole DBH1 (shown in red in Figure 5.2) had a deeper groundwater level when compared to
the other hydrocensus boreholes. There is no certainty around the reason for the low groundwater
levels in borehole DBH1. It is possible that during drilling limited water was intersected and as a
result there is limited/no ingress of water entering the borehole.
Based on the slight hydraulic disconnect between the upper weathered and underlying fractured
rock aquifers, it can be said that the depth to groundwater level in the upper weathered material
aquifer ranges between 0.9 and 10.1 mbgl, with an average of 5 mbgl. The underlying fractured
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rock aquifer shows depth to groundwater level measurements ranging between 14.8 and 24 mbgl,
with an average of 18.3 mbgl.
Bayesian interpolation was used to interpolate the groundwater levels throughout the study area.
Groundwater level elevation contours are shown in Figure 5.3. Groundwater flow is generally
expected to mimic topography in the study area. Groundwater is expected to flow in a southerly,
easterly and westerly direction toward the Wasbankspruit and other non-perennial streams in the
area.
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Figure 5.1: Plot of groundwater level elevation versus topographical elevation

Cabanga Concepts cc & Future Flow GPMS cc

November 2014

CAB.14.050

Thutha Amalahle Transport and Construction (Pty) Ltd –
Dama Colliery:
Groundwater study

Page
11

Figure 5.2: Depth to groundwater level
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Figure 5.3: Hydrocensus borehole positions and groundwater level elevations
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Table 5.1: Hydrocensus results
Name

Easting:

Northing:

(LO31, WGS84) (LO31, WGS84)
DSP1
DSP2
DSP2b
DBH1
DBH2
DBH3
DBH4
DSP3
DSP4
DBH5
DBH6
DBH7
DBH8
DBH9
DBH10
DSP5
DBH11
DSP6
DSP7
DBH12
DBH13
DBH14
DBH15
DBH16
DBH17
DSP8
DBH18
DSP9
DBH19
DBH20
DBH21
DBH22
DBH23
DBH24
DBH25
DBH26
DBH27
DBH28

-82536.1
-84556.1
-82784.0
-86112.1
-86348.0
-86271.5
-85929.9
-75444.6
-73876.1
-75817.2
-76052.1
-76220.1
-74725.0
-74272.6
-73632.8
-73760.9
-77249.2
-77137.0
-76371.1
-77638.5
-76955.2
-76319.0
-76691.9
-76783.2
-76795.5
-78785.0
-80315.8
-80355.8
-83568.8
-79678.9
-80468.3
-80320.2
-80042.5
-79168.6
-78484.2
-78430.6
-78548.1
-71772.5

SWL = Static Water Level.

-3043988.9
-3042190.7
-3043786.1
-3046044.8
-3045920.3
-3045956.9
-3046145.1
-3048344.8
-3055106.1
-3056212.9
-3056794.7
-3054045.5
-3054180.1
-3054856.6
-3055216.3
-3052553.8
-3051776.5
-3051794.2
-3051666.5
-3052679.0
-3052667.3
-3059480.1
-3059516.7
-3059414.4
-3059385.0
-3052613.6
-3053743.1
-3053754.9
-3052672.9
-3056925.2
-3057452.2
-3057497.5
-3056668.4
-3057311.9
-3056274.8
-3056339.0
-3056304.5
-3045612.8
mbc = metres below collar.
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BH
Collar
Elevation
Depth: Height:

SWL

SWL

(mbc)

(mamsl)

66.01
9.19
10.14

1894.6
1859.5
1874.1
1857.9
1918.2
1917.9

120+
156.00
140.00

0.39
0.53
0.46
0.52

8.34
4.36
5.85
4.40
21.00

2025.2
1331.3
1208.0
1221.0
1243.9
1338.0
1320.5

25.00
30.00
44.00
30.00
24.00

0.16
0.30
0.32
0.40

44.00

0.10

44.00
43.00
60.00
38.00
60.00

0.15
0.15
0.20
0.32
0.18

3.94

24.03
2.46
0.92
14.75
15.31

1574.7
1370.5
1378.6
1387.0
1306.5
1303.2
1188.2
1183.9
1184.6

(mbc)

(m)

0.54

19.87
4.24
1.11

1277.5
1245.9
1258.6
1250.4
1232.6
1241.6

4.10

1238.8

58.00

0.24

5.64
5.76

1209.9
1212.3

62.00
6.00

0.16
0.00

14.85

20.00

0.30

44.00
43.00
8.00

0.13
0.19
0.23

mamsl = metres above mean sea level.

Owner:

Type

Use:

(mamsl)
1894.6
1859.5
1874.1
1923.9
1927.4
1928.1
1920.3
2025.2
1331.3
1216.3
1225.4
1249.8
1342.4
1341.5
1344.3
1574.7
1374.4
1378.6
1387.0
1330.5
1305.7
1189.1
1198.6
1199.9
1200.4
1277.5
1260.8
1258.6
1270.3
1236.9
1242.8
1240.9
1242.9
1233.2
1218.8
1215.5
1218.1
1790.7

Volumes
Abstracted:

Comments:

(l/day)
Mr Mkubu
Mr Potgieter
Mr de Jager
National Government of RSA
National Government of RSA
National Government of RSA
National Government of RSA
Mr van de Venter
Mr Mortassague
Mr Mntulu
Mr Mntulu
Mr Mortassague
Mr Mortassague
Mr Mortassague
Mr Mortassague
Mr Mortassague
Mr Dowling
Mr Dowling
Mr Dowling
Mr Dowling
Mr Dowling
Mr van Schalkwyk
Mr van Schalkwyk
Mr van Schalkwyk
Mr van Schalkwyk
Mr Liebenberg
Mr Smit
Mr Smit
Rusverwacht Trust
Mr Viviers
Mr Viviers
Mr Viviers
Mr Viviers
Mr Viviers
Mr Viviers
Mr Viviers
Mr Viviers
Mbathani School

mbgl= metres below ground level.

Spring
Spring
Spring
Borehole
Borehole
Borehole
Borehole
Spring
Spring
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Spring
Borehole
Spring
Spring
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Spring
Borehole
Spring
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole
Borehole

Domestic and Livestock
Livestock
Domestic and Livestock
None
None
None
None
Domestic and Livestock
None
None
Domestic
Monitoring
None
None
None
Domestic and Livestock
Monitoring
Domestic
Livestock
Monitoring
Monitoring
None
Domestic and Livestock
None
None
Domestic and Livestock
None
Domestic
None
None
Livestock
Livestock
Livestock
Livestock
None
None
None
Domestic

Flow: 17 280l/day
Flow: 1 728l/day
Not in use
Not in use
Not in use
Not in use
No access
Flow: 4 320l/day

9500

Wind pump not in use
Guest house
Not in use
Not in use
Not in use
Blocked
Flow: 8 640l/day
Not in use
Flow: 21 600l/day
Flow: 14 688l/day
Not in use
Not in use
Wind pump not in use
Equipped
Not in use
Blocked

5900
Not in use
125
Not in use
Not in use
2250
2250
2250
2250

1525

Equipped
Wind pump
Wind pump
Wind pump
Blocked
Not in use
Not in use
Hand pump

All coordinates are provided in Transverse Mercator projection (LO31), and WGS84 datum
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5.3 Aquifer transmissivities and classification
Aquifer tests were previously conducted by VBA Groundwater Consulting cc on four monitoring
boreholes as summarised in Table 5.2. The results from the aquifer tests show transmissivities
range between 1.13 and 2.93 m2/day. These values are typical of the general geology. No
additional aquifer testing was conduct as part of this current study.
Table 5.2: Aquifer test results
Borehole No.
VBA 1 (DBH11)
VBA 2 (DBH12)
VBA 3 (DBH13)
VBA 4 (DBH7)

Pump rate
(L/sec)
0.11
0.4
0.36
0.36

Duration
(min)
480
480
480
480

Draw Down
(m)
0.97
4.61
8
10.4

Transmissivity
(m2/day)
2.93
1.58
1.44
1.13

Storage
Coefficient
1.1E-03
1.1E-03
1.1E-03
1.1E-03

The general regional aquifer is classified using the Parsons Classification System as a minor
aquifer, but of high importance to the local landowners as it is their only source of water.
5.4 Groundwater use
5.4.1. Privately owned boreholes
Eleven hydrocensus points were identified in the V23B catchment as being sources of water
supply (boreholes, wind pumps, and springs) for largely livestock watering and domestic water
supply for farmers and farm workers.
Groundwater use volumes range between 125 and 24 600 L/day at a specific groundwater
abstraction point. Based on the information collected during the hydrocensus it is calculated that
around 72.77 m3 of water is used daily for domestic and stock watering purposes in the study area.
The quaternary sub-catchment within which the mining area fall (V32B), measures approximately
556.9 km2. Applying an average rainfall of 801 mm/annum as obtained from the climatic data and
an average recharge from rainfall of 3 %, it is calculated that the average annual recharge to the
sub-catchments from rainfall is 13.38 Mm3 per annum (an average of 37173 m3/day). It can thus be
calculated that less than 1 % of the recharged water is abstracted for private and stock watering
use.
5.4.2. Mine monitoring boreholes
Monitoring boreholes from the surrounding coal mines were also identified during the hydrocensus.
In total 4 monitoring boreholes were identified during the hydrocensus investigation.
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5.5 Groundwater quality
5.5.1 Element concentrations and potential health impacts
Eleven groundwater samples were collected during the hydrocensus investigation and can been
seen in Appendix A. The water sample points can be seen in Figure 5.4. The water quality results
are shown in Table 5.3. The results were compared to the SANS 241:2011: Drinking Water
(Human) Standards. All elements that exceed the guidelines are highlighted in orange. The
following can be specifically noted:
 DBH 15 is being impacted on by salt enrichment. The elevated sodium is not as a result of
mining but as a result of geological deposits intersected during drilling. The EC, TDS, chloride,
and sodium concentration are elevated when compared to the other groundwater samples,
however only the sodium concentration exceeds the SANS 241:2011 Drinking Water
Standards.
For borehole DBH 15 the sodium concentration is 264 mg/l compared to the SANS 241:2011
Standard of 200 mg/l. According to the South African Water Quality Guidelines (1996) for domestic
consumption, if water is consumed with a sodium concentration between 200 and 400mg/l one can
expect a slightly salty taste. In addition the consumption of this water is undesirable for persons on
a sodium restricted diet.
The remaining spring and borehole samples are compliant with the SANS 241:2011 Drinking
Water Standards.
5.5.2 Groundwater character
The chemical nature of the groundwater in the study area is shown graphically in the form of a
Piper diagram in Figure 5.5. The Piper diagram, introduced by Arthur Piper in 1944, is one of the
most commonly used techniques to interpret groundwater chemistry data. This method proposed
the plotting of cations and anions on adjacent tri-linear fields with these points then being
extrapolated to a central diamond field. Here the chemical character of water, in relation to its
environment, could be observed and changes in the quality interpreted. The cation and anion
plotting points are derived by computing the percentage equivalents per million for the main
diagnostic cations of calcium, magnesium and sodium, and anions chloride, sulphate and bicarbonate.
Different waters from different environments always plot in diagnostic areas. The upper half of the
diamond normally contains water of static and dis-ordinate regimes, while the middle area normally
indicates an area of dissolution and mixing. The lower triangle of this diamond shape indicates an
area of dynamic and co-ordinated regimes. Sodium chloride brines normally plot on the right hand
corner of the diamond shape while recently recharged water plots on the left-hand corner of the
diamond plot. The top corner normally indicates water contaminated with gypsum (often related to
coal mining activities).
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Figure 5.4: Water Samples
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In general the top half of the diamond contains static waters and other unusual waters high in
magnesium/calcium chloride and calcium/magnesium sulphate. The lower half contains those
waters normally found in a dynamic basin environment. Mixtures of any two waters in any
proportion plot along a line joining their respective points in each of these diagrams.
Water therefore being invaded by an industrial effluent will plot as a vector towards the analysis of
the invading fluid.
The Piper diagram in Figure 5.5 shows that the groundwater samples are diverse and represent
four different water types:

Figure 5.5: Groundwater Piper diagram






DSP 1, DSP 5, DSP 6, DBH 1 and DBH12 have a Calcium-Magnesium bicarbonate water
type. These waters are representative of young (recently recharged) groundwater relative to
most other types. This water type can typically be seen as being unpolluted by mining.
DBH 26 has a Sodium Bicarbonate water type. This water type represents deeper and older
groundwater; as depth to the aquifer increases, calcium and magnesium ions give way to
sodium ions, and sulphate is at least partially replaced by bicarbonate ions. This water type is
also associated with relatively high fluoride and due to the above reaction, relatively low
calcium and magnesium concentrations. Fluoride in groundwater derives mainly from
dissolution of natural minerals in the rocks and soils with which water interacts. The most
common fluorine-bearing minerals are fluorite, apatite and micas.
DSP 8, DSP 9 and DBH 15 have a Sodium-chloride water type. This can be as a result of
natural and/or anthropogenic factors. When analysing the water quality of these samples it is
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more likely that the source of sodium is as a result of natural factors such as the build-up of
salts in the water as a result of chemical weathering of minerals and/or the intersection of
marine deposits during drilling.
DSP 3 and DBH 26 have a mixed water type and as a result there is no cation/anion
exceeding 50%. This water type is representative of water that undergoes varying degrees of
mixing and ion exchange.
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Table 5.3: Groundwater hydrochemical results
Parameter

SANS 241:2011
Domestic Water
Guideline
-

DBH 1

DBH 12

DBH 13

DBH 15

DBH 26

DSP 1

DSP 3

DSP 5

DSP 6

DSP 8

DSP 9

41.3

61.2

22.8

289

287

33.6

29.3

108

141

4.29

9.16

170

10.6

13

7.2

148

60.5

9.14

18.4

20.8

28.1

3.41

4.24

pH ( Laboratory)

5 - 9.7

7.99

7.4

7.06

8.54

8.49

7.38

6.94

7.64

8.05

6.04

6.22

Total Hardness

-

38

38

17

53

18

35

48

94

135

3

5

Calcium Hardness

-

23

19

12

28

9

17

24

52

67

2

4

Magnesium Hardness

-

15

19

4

25

9

18

24

42

68

1

1

Total Dissolved Solids

1200

64

78

40

746

348

47

98

125

156

22

25

Calcium

-

9.33

7.67

4.97

11.2

3.73

6.87

9.51

20.8

26.8

0.646

1.62

Chloride

300

3.59

4.85

6.48

280

22.9

5.58

33.2

4.98

10

5.4

5.83

-

3.53

4.67

1.08

6.06

2.2

4.31

5.77

10.2

16.5

0.229

0.152

Nitrate

11

0.97

0.401

0.23

0.229

0.262

0.363

0.228

0.25

0.226

0.833

0.262

Potassium

50

1.35

5.68

4.16

4.92

1.94

1.12

6.89

0.958

1.08

3.53

2.67

Sodium

200

9.39

14.1

6.52

264

136

5.06

16

14.3

11.2

4.28

5.55

Sulphate

500

7.06

2.05

1.67

1.73

3.53

2.11

7.32

6.4

3

1.39

2.01

Aluminium

0.3

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

Fluoride

1.5

0.269

0.25

0.147

1.07

0.89

0.183

0.164

0.241

0.254

0.16

0.145

Iron

2

<0.003

0.127

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

Lead

0.01

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

<0.004

Manganese

0.5

<0.001

<0.001

0.213

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

5

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

<0.002

Total Alkalinity
Conductivity (mS/m)

Magnesium

Zinc

Exceed SANS 241:2011 Drinking Water Standards
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5.6 Surface water quality
5.6.1 Element concentrations and potential health impacts
Water quality samples were collected from the various non-perennial streams which are located
near the mining area as can be seen in Figure 5.4. Upstream water samples ‘Upstream Stream’,
‘Upstream East’ and ‘Upstream West’, were taken up gradient of the mining area and represent
water that is not impacted on by the Dama mining area. Downstream samples, ‘Downstream East’
and ‘Downstream West’, represent water that is downgradient of the mining areas. In addition a
water sample was taken at one of the flooded Dama opencast pits. Lastly a sample (Decant) was
taken at a non-perennial stream that is being impacted on by historical mining.
Based on the laboratory results as summarised in Table 5.4 only the Decant surface water sample
has parameters that exceed the SANS 241:2011 Drinking Water Standards as discussed below:


Sample Decant is a sample taken in a non-perennial stream that is impacted on by decant
from a historical mining area. The EC, TDS, sodium and sulphate concentrations exceed
the SANS 241:2011 Drinking water standards.

Sample Decant has a sodium concentration of 361 mg/l compared to the SANS 241 Standard of
200 mg/l. According to the South African Water Quality Guidelines (1996) for domestic
consumption, if water is consumed with a sodium concentration between 200 and 400 mg/l one
can expect a slightly salty taste. In addition the consumption of this water is undesirable for
persons on a sodium restricted diet. The sulphate concentration also exceeds the SANS 241
Standard of 500 mg/l with a sulphate concentration of 962 mg/l. Sulphate concentrations of 600
mg/l and more will cause diarrhoea in most individuals and user adaptation may not occur. Water
will also have a pronounced salty or bitter taste (DWA, 1996).
From Table 5.4 it can be concluded that the upstream and downstream water samples are of
similar quality and hence there is currently no significant impact on the surrounding river systems
that cause the surface water to exceed the SANS 241:2011 Standards as a result of the Dama
Colliery operations.

5.6.2 Surface water character
The Piper diagram in Figure 5.6 shows that the surface water samples represent three different
water types:




Upstream Stream, Upstream West, Upstream East, Downstream West and
Downstream East have a Calcium-Magnesium bicarbonate water type. This water type
can typically be seen as being unpolluted by mining.
Decant has a Sodium-Chloride water type. This can be as a result of natural and/or
anthropogenic factors. When analysing the water quality of this sample it is likely that the
source of sodium is as a result of historical mining.
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Dama Pit has a mixed water type and as a result there is no cation/anion exceeding 50%.
This water type is representative of water that undergoes varying degrees of mixing and ion
exchange.

Figure 5.6: Surface water Piper diagram
It can further be noted that based on the plot positions on the Piper diagrams (Figure 5.5 and
Figure 5.6) there is a similarity between the groundwater and surfaces water types, which can
indicate a chemical connection between the surface water and groundwater.
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Table 5.4: Surface water hydrochemical results
Upstream
Stream

Decant

Dama Pit *

Upstream
East *

Downstream
East *

Upstream
West *

Downstream
West *

-

108

285

88

140

164

144

152

170

22

251

40

38.5

47

28.6

31.1

pH ( Laboratory)

5 - 9.7

8.21

8.5

7.5

8

8.1

8.2

8.3

Total Hardness

-

103

639

116

133

163

120

129

Calcium Hardness

-

52

237

62

67

97

67

72

Magnesium Hardness

-

51

402

53

66

66

53

57

Total Dissolved Solids

1200

126

1736

280

226

286

188

186

Calcium

-

20.9

94.8

25

27

39

27

29

Chloride

300

6.27

32.7

5

30

49

6

7

-

12.3

97.5

13

16

16

13

14

Nitrate

11

0.26

1.03

3.7

<0.2

<0.2

<0.2

<0.2

Potassium

50

1.36

8.19

2.9

<0.1

2.3

1.3

1.4

Sodium

200

11.7

361

33

26

29

11

14

Sulphate

500

5.74

962

102

Aluminium

0.3

<0.003

<0.003

<0.1

17
<0.1

8
<0.1

6
<0.1

7
<0.1

Fluoride

0.4

0.2

<0.2

0.2
<0.025

Parameter

SANS 241 (2011)
Domestic Water

Total Alkalinity
Conductivity (mS/m)

Magnesium

1.5

0.203

0.179

Iron

2

<0.003

<0.003

0.045

0.2
<0.025

Lead

0.01

<0.004

<0.004

<0.02

<0.02

0.06
<0.02

0.055
<0.02

Manganese

0.5

<0.001

<0.001

<0.025

<0.025

<0.025

<0.025

<0.025

5

<0.002

<0.002

<0.025

<0.025

<0.025

<0.025

<0.025

Zinc

<0.02

Exceed SANS 241:2011 Drinking Water Standards
* Water results obtained from the Dama Colliery Hydrological Study October 2014, conducted by Letsolo Water and Environmental Services.
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5.7 Geochemical analyses
A total of five rock samples were collected from the Dama opencast mine. The various pits are
flooded hence access to all the geological sequences was difficult. It is recommended that
additional ABA and leach testing be conducted once the mine becomes operational.
The samples that were taken include:
 Sample 1: was taken from the ROM stockpiling area and represents the Gus coal seam.
 Sample 2: represents the overburden material (sandstone).
 Sample 3: was taken from the shale overlying the coal seam (roof material).
 Sample 4: represents the overburden material (carbonaceous shale).
 Sample 5: represents the overburden material (carbonaceous shale).
The results from the ABA were used to determine the potential for acid mine drainage conditions to
form. The leach results were used to determine which elements are expected to be present in
elevated concentrations in the post-mining environment and what those element concentrations
will be.
Acid base accounting is a screening analytical procedure that provides values to help assess the
acid-producing and acid-neutralising potential of waste rock or backfill material/overburden in order
to predict post-mining water quality. In this procedure, the amount of acid-producing rock is
compared with the amount of acid-neutralising rock, and a prediction of the water quality at the site
(whether acidic or alkaline) is obtained.
The values that are compared are called the acid potential (AP) and the neutralising potential (NP).
The comparison may be the difference between the two values, called the net neutralising potential
(NNP) or the ratio of the two values, called the neutralisation potential ratio (NPR). Below are three
tables showing the comparison ranges as well as the classification of the rock samples.
5.7.1 ABA testing
ABA involves a combined measurement of sulphur contents (total sulphur, sulphuric acid, sulphur,
and organic sulphur), neutralisation capacity (NP), paste pH and the calculation of acid potential
(AP), net neutralisation potential (NNP) and NP/AP ratio (NPR). The assessment obtained by ABA
techniques needs to be refined and calibrated with detailed mineralogical characterisation, sitespecific observation and kinetic testing. This assessment should be complimented by geochemical
modelling in order to increase the reliability of the ARD prediction study.
Guidelines on ABA test analysis set by Robertson and Broughton (Broughton & Robertson, 1992)
are summarised in Table 5.5 to Table 5.7 below. Table 5.5 summarises the criteria against which
the acid forming potential is measured based on the neutralisation potential ratio (NPR). Table 5.6
summarises the deduced acid generating potential based on the net neutralising potential (NNP).
Table 5.7 summarises the rock classification based on a combination of the potential for acid
formation and the sulphur content.
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Table 5.5: Neutralisation Potential Ratio (NPR) guidelines
NPR = NP/AP
<1:1

Acid generating potential
Likely

1:1 to 2:1

Possible

2:1 to 4:1

Low

>4:1

Unlikely

Comments
Likely AMD generating
Possibly AMD generating if NP is insufficiently reactive or is
depleted at a faster rate than sulphides
Not potentially AMD generating unless significant
preferential exposure of sulphides along fracture planes, or
extremely reactive
No further AMD testing required unless materials are to be
used as a source of alkalinity

Table 5.6: Net neutralising potential guidelines
Net neutralising potential (NNP) NNP = NP-AP
< -20
>20
Between -20 and 20

Acid generating potential
Likely to be acid generating
Not likely to be acid generating
Uncertain range

Table 5.7: Rock classification guidelines
Classification
TYPE I
TYPE II
TYPE III

Acid forming potential
Potential acid forming
Intermediate
Non acid-forming

Criteria
Total S(%) > 0.25% and AP:NP ratio 1:1 or less
Total S(%) > 0.25% and AP:NP ratio 1:3 or less
Total S(%) < 0.25% and AP:NP ratio 1:3 or greater

Sulphide percentage guidelines from Price et al are summarised in Table 5.8.
Table 5.8: Sulphide -S percentage guidelines

Sulphide-S
<0.3%
Sulphide-S
>0.3%

NAG
pH
>5.5

NPR
-

ARD
Potential
None

<5.5

<1
1-2

Likely
Possibly

2-4

Low

>4

None

Comment
No further ARD testing required, provided there are no other
metal leaching concerns. Exceptions: host rock with no basic
minerals, sulphide minerals that are weakly acid soluble.
Likely to be ARD generating
Possibly ARD generating if NP is insufficiently reactive or is
depleted at a rate faster than that of sulphides
Not potentially ARD generating unless significant preferential
exposure of sulphides occurs along fractures or extremely
reactive sulphides are present together with insufficiently
reactive NP
No further ARD testing required unless materials are to be
used as a source of alkalinity.

The ABA analysis results are summarized in Table 5.9. Applying the above guidelines the following
can be noted:
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NPR:
o Samples 1, 4 and 5 show a NPR of less than 1:1, indicating that they will potentially
be acid generating.
o Sample 3 had a NPR between 1:1 to 2:1, indicating that acid generation is possible.
o Sample 2 had a NPR of greater than 4:1 indicating that the sandstone is unlikely to
be acid producing.
NNP:
o Samples 1 and 5 show an NNP of less than -20 thus classified as likely to be acid
generating.
o Samples 2, 3 and 4 have a NPP in the uncertain range.
Rock Classification:
o Samples 1 and 5 have a Type I, which indicates the material is potentially acid
forming.
o Samples 3 and 4 have a Type II, which indicates the material has Intermediate
potential for acid generation.
o Sample 2 has a Type III, which indicates the material is non acid-forming.
Sulphide - S and NAG pH:
o The Sulphide-S percent for samples 1, 3, and 5 are above 0.3, thus indicating the
potential for long-term sustained acid generation.
o The NAG pH for samples 1 was 4.4 and the NPR is less than 1:1 indicating that the
coal seam is likely to be ARD generating.
o The NAG pH for all samples is higher than 5.5 which indicate a lesser potential for
acid generation, however the pH for samples 4 and 5 are 5.6 and 5.9 which are still
acid.

Table 5.9: Acid base accounting results
NP
Sample
ID
Sample
1
Sample
2
Sample
3
Sample
4
Sample
5

Lithology

AP

NNP
(NP – AP)

NPR
(NP / AP)

%
Sulphur
as S

Paste
pH

Rock
Type

kg
CaCO3/
t

kg
CaCO3/t

kg CaCO3/t

-8.91

40

-49

0.22

1.29

4.4

I

Overburden: Sandstone

5.7

1.25

4.45

4.56

0.04

6.7

III

Shale (roof)

42

25

17

1.66

0.81

6.9

II

3.42

5.63

-2.21

0.608

0.18

5.6

II

3.96

28

-24

0.141

0.9

5.9

I

Coal Seam

Overburden:
Carbonaceous shale 2
Overburden:
Carbonaceous shale

From the above, it is concluded that it is likely that AMD conditions will form from the coal seam
and associated overburden material (carbonaceous shale). The high Sulphide – S percentages
indicates that the acid conditions will be sustained in the long term.
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5.7.2 Leach testing
Leach testing performed on the rock samples described above provides an indication of the
expected quality of seepage from the mined-out area in the long term. The results are summarised
in Table 5.10. The expected qualities are compared to the SANS 241:2011 Drinking Water
Standards.
The results show that pH, manganese and sulphate concentrations are expected to exceed the
SANS 241:2011 Drinking Water Standards in the post mining environment. This is confirmed with
the acid conditions indicated from the ABA testing which would indicate that metal concentrations
will be elevated.
Leach testing results show that the sulphate concentration expected at post mining ranges
between <5 to 627 mg/L.
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Table 5.10: Leach test results
SANS 241:2011
Standard

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Unit

Coal seam

Sandstone

Roof (shale)

Carbonaceous
shale 2

Carbonaceous
shale

As, Arsenic

mg/L

<0.01

<0.010

<0.010

<0.010

<0.010

<0.010

B, Boron

mg/L

NS

<0.025

<0.025

<0.025

0.055

<0.025

Ba, Barium

mg/L

NS

0.041

<0.025

0.048

0.035

0.059

Cd, Cadmium

mg/L

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

Co, Cobalt

mg/L

<0.5

0.037

<0.025

<0.025

<0.025

0.034

CrTotal, Chromium Total

mg/L

<0.05

<0.025

<0.025

<0.025

<0.025

<0.025

Cr(VI), Chromium (VI)

mg/L

NS

<0.010

<0.010

<0.010

<0.010

<0.010

Cu, Copper

mg/L

<2

<0.025

<0.025

<0.025

<0.025

<0.025

CN, Cyanide

mg/L

0.07

<0.05

<0.05

<0.05

<0.05

<0.05

Hg, Mercury

mg/L

0.006

<0.001

<0.001

<0.001

<0.001

<0.001

Mn, Manganese

mg/L

<0.5

0.982

0.050

0.094

<0.025

0.773

Mo, Molybdenum

mg/L

NS

<0.025

<0.025

<0.025

<0.025

<0.025

Ni, Nickel

mg/L

<0.07

<0.025

<0.025

<0.025

<0.025

0.044

Pb, Lead

mg/L

<0.01

<0.010

<0.010

<0.010

<0.010

<0.010

Sb, Antimony

mg/L

<0.02

<0.010

<0.010

<0.010

<0.010

<0.010

Se, Selenium

mg/L

<0.01

<0.010

<0.010

<0.010

<0.010

<0.010

V, Vanadium

mg/L

<0.2

<0.025

<0.025

<0.025

<0.025

<0.025

Zn, Zinc

mg/L

<5

0.045

<0.025

<0.025

<0.025

0.035

Total Dissolved Solids*

mg/L

<1200

914

<5

594

122

410

Chloride as Cl

mg/L

<300

<5

<5

<5

<5

<5

Sulphate as SO4

mg/L

<500

627

7

380

77

261

Nitrate as N

mg/L

<11

<0.2

<0.2

<0.2

0.5

<0.2

Fluoride as F

mg/L

<1.5

0.3

<0.2

0.5

<0.2

0.2

@25ºC

5 – 9.7

4.3

5.8

8.1

5.6

4.0

Parameter

pH

Exceed SANS 241:2011 Drinking Water Standards
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5.8 Groundwater conceptual model summary
5.8.1. Groundwater flows
The baseline data is analysed and compiled into a conceptual model which is summarised below.
Two aquifers occur in the area, associated with the upper weathered material, and the underlying
competent and fractured rock material. The newly drilled monitoring boreholes show that the
weathered zone is approximately 7m thick. The aquifer within the weathered zone is generally lowyielding with typical transmissivity values ranging between 0.5 and 2 m 2/day. The aquifer is heavily
dependent on rainfall and therefore yields from the aquifer vary seasonally.
The underlying fractured rock aquifer is associated with secondary fracturing due to intrusion of the
dolerite dykes and sills that occur in the area. As such, the majority of the groundwater flows in the
aquifer are along discrete fractures. Results of the aquifer testing show aquifer transmissivities
ranging between 1.13 and 2.93 m2/day. These values are considered to be representative of the
general aquifers in the area
Plotting the groundwater level elevation against topography indicates that there is a slight
distinction between groundwater levels in the upper material aquifer and the lower fractured
aquifer. This indicates a limited hydraulic connection between the two aquifers. The groundwater
level measured in the upper weathered material aquifer ranges between 0.9 and 10.1 mbgl, with
an average of 5 mbgl. The underlying fractured rock aquifer shows depth to groundwater level
measurements ranging between 14.8 and 24 mbgl, with an average of 18.3 mbgl.
Groundwater flow is generally expected to mimic topography in the study area. Groundwater is
expected to flow in a southerly, easterly and westerly direction toward the Wasbankspruit and other
non-perennial streams in the area.
As mentioned above, rainfall recharges into the aquifers. Long term rainfall data show an average
rainfall figure of 801 mm/a. Based on recharge publications and results from the numerical model
calibration it is considered that effective recharge (taking into consideration evapotranspiration,
field capacity etc. on gross recharge) is in the order of 1 to 3 % of the mean annual rainfall.
5.8.2. Contaminant transport
The existing opencast mine area acts as a potential source of contamination to the aquifers. For
the purpose of this discussion it is assumed that good housekeeping such as storage of potentially
hazardous material will be within properly constructed and lined or paved areas. Oil traps will be
sized, operated and maintained to contain all discard oil from working areas etc.
As described in Section 5.7 it is concluded that it is likely that AMD conditions will form from the
coal seam and associated overburden material (carbonaceous shale). The high Sulphide – S
percentages indicates that the acid conditions will be sustained in the long term.
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